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Some years ago Kraus and Bray 1 showed that in the case of a large 
number of electrolytic solutions the mass-action law is approached as- a 
limiting case.* In a series of papers which recently appeared in Tmnf 
Journal, Washburn* has described a method of extrapolating for^ 
which is based on this result He adds, however, the arbitrary 
tion that at high dilutions the function CA*/ a ®( a o—A) approaches! 
limiting value asymptotic tb a line parallel to the C-axis. While he does 
not so state, he nevertheless implies that this method of approach is the 
only one compatible with the assumption that the mass-action law is a 
limiting form of a more general function. He applies his method of ex¬ 
trapolation to conductance measurements carried out under his direction 
by Wdiand* and reaches certain conclusions which be believes to be 
dec#B^& These awcluaioos me obviously dependent upon the assump- 

1 TtaJemjiai. & tm m m, (1913), 

* They did wN fedh ru m la detail the precise meaner la iftucti the limiting fans is 

asEwr* - - 
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tkms made and it is the purpose of this paper toexamine these assump¬ 
tions in order to determine whether or not the conSusiaas derived there¬ 
from are valid. - 

The method which Washburn employs is a graphiealoae involving top 
graphs, «ee between the equivalent conductance and the concentration, 
the other between the function CAVA<,(A 0 — A) and toe concentration. 
Ip order to make dear what it implies, it will be necessary to examine 
these two graphs. let us assume for the moment that we have a binary 
dtectreflyte which obeys the mass-action law. We lave then 


CA* 

Ao(A« — A) 


K, 


(I) 


where C is the concentration, A is the equivalent conductance. A* is the 
limiting value which the conductance approaches as the concentration 
becomes indefinitely small, and K is the mass-action constant. If we 
have a very dilute solution of a highly ionised electrolyte, the ratio A/A 0 
approaches unity. In any case its variation becomes negligible in com¬ 
parison with the difference A 0 — A. If we introduce this simplifying 
condition in Equation I, we have 

—— » K, (II) 

Ac — A 


or 

Zk » KAo — KA. (Ill) 

Pram Equation III we have 

dA/d{CA) - — i/K, (IV) d*A/d{CA)* - o. (V) 

This means that, if we plot values A against those of Ck for a dilutt 
solution, the graph begins on the axis of A at the value A 0 and proceed; 
downward toward the axis of CA as a straight line, the slope being give* 
by the constant value — i/K, from which it follows that K is equal 0 
the cotangent of the acute angle which the line makes with toe A-axis 
If we employ the concentration C in the place of the specific eonduetanc 
CA, the graph will have the same form since A increases only very slow! 
in comparison with A 0 — A and C. The slope will then be given by to 
expression — A c/K. 1 What hat teen said with regard to the curve cot 
netting CA and A holds equally for a curve between C and A so long i 
the concentration is sufficiently low. 

The mass-action law does not hold in toe case of strong electrolyte 
The function 

* la the general case we bare dA/d(cA) * —and iA/it » —A*/Jf(aA»* 
A.A). It is obvious that as A approaches the vataeA*. toe equenious for the (tiff 
eotial coefficient approach the broking values —i/Jt and-~A«/X respectively. Ml 
Mutation of an electrolyte were 90%. ne^eetteg toe ffiSemu* between the rates 
A. and A to oomparisrai with A, would scarcely carat an appreciable error to the nc 
ttouef toe tangent 



(VI) 


A«<Ac — A) 

jgi ae sms with increasing concentration^ If we plot values of C or CA 
a toog the **ax», and values Of A along the y-axis, the slope of the curve 
at any point k given by the equation 

dA/d(CA) • —i/K' (VII) 


K' increases with increasing concentration, it follows that the slope 
decreases with increasing concentration, i. e,, the curve bends away from 
the of C, or is convex toward this axis. This follows also from the 
sign Of the second differential coefficient We have 

d*A i 


d(CA) 1 dK'/dlCA) 


(VIII) 


The second differential coefficient is positive, since, according to experi¬ 
ment dK'/d(CA) is always positive. But this is the condition that the 
curve be convex toward the axis of CA. The continuous curve in 
Fig. 5 is of this type. 1 Generally the curve will have its greatest curva¬ 
ture at that point for which dK'/d(CA) is greatest that is, at that point 
where K' changes most rapidly. 

Hating established the geometrical properties of the curve in which 
C (or CA) and A are plotted as variables, let us examine the curve obtained 
when K' — CAVAo(A 0 —- A) and C (or CA) are plotted as variables. 
Let ua assume the general function 


K* - ■■ \ “ nCA) or F(Q, (IX) 

A© ^Ao A) 


assuming the solutions to be dilute. F(Q is a purely empirical function 
whose nature can be obtained from a graph between K' and C. Let us 
assume values of C to be plotted as abscissas. We have then 


dK’jdC - F'(Q, 

(X) 

(PK'/dC 1 - F\Q. 

(XI) 


Since, according to experience, K* increases with increasing concentra¬ 
tion, it follows that dK'/dOo, i. e., the curve rises as the concentration 
increases. As regards the second differential coefficient, we know that 
the curve is concave toward the axis erf C up to io“* N. It follows 
therefore, that throughout this region 

* From the feonetrkal relations It fallows that d*/d(C&) - tan e, where e is the 
aajfc which the Kite from A* to the tangent point on the curve mates with the Ci-ajd*. 
^jhwefore, we have K* * eat * wbtte * is the angte which the Hne total with the 
A-hJde. Thh lMrt4d*Bt&«B Kg, 4 . 
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d*K f 
dC* 


< o. 


(XII) 


If tins curvature continues to be maintained at lower concentrations than 
to *" 4 N down to any desired value, then it follows that the tangent to 
the curve as it aits the axis of K' makes with the C, A-axis an angle greater 
than zero. In other words, such a curve will not become asymptotic to 
a line parallel to the C-axis. Algebraically this is expressed by the equa¬ 
tion 

AX’* 

lim > o. (XIII) 

c-o dC 


Whether or not the function, IX, will ultimately suffer a reversal in 
the sign jjf curvature, cannot be determined on a priori grounds. We 
may, however, examine the function F(C) and determine how its form 
changes in the regions accessible to experiment, whether or not, far exam¬ 
ple, d^K'/dC* increases or decreases as the concentration decreases. If it 
is found that the curvature increases with decreasing concentration down 
to io -4 N, then, from our general notions as to the nature of dilute solu¬ 
tions, we should have reasonable grounds for assuming that the curvature 
continues to increase at lower concentrations. Certainly we should not 
be justified in assuming that the sign of curvature changes over a very 
short interval of concentration change. 

Kraus and Bray examined practically all the available data on non- 
aqueous solutions, and found that the relation between conductance and 
concentration is expressed within the limits of experimental error by the 
equation 


K' 


C A s 




(XIV) 


A<, (A 0 A) ^ 

where, as before, A 0 is the limiting value which the equivalent conduc¬ 
tance approaches as the concentration diminishes without limit, while K 
is a limiting value which K' approaches under the same conditions. The 
constants D and w have no physical significance, but are both positive, 
while nt has been found always less than 2. The above equation was 
found to fit the experimental values in the case of non-aqueous solutions 
within the limits of experimental error from the greatest dilutions to con¬ 
centrations, in some instances, greater than normal. In the case of 
aqueous solutions there is some question as to the applicability of this 
function- Nevertheless, since this function reproduces the experimental 
values fairly closely from 3.0 to 0.001 fV, we may assume that it holds 
approximately. In any case, it is a reasonable procedure to assume some 
function, which fits experimental values fairly closely over a considerable 
range of concentration, and then to investigate the changes which the 
constants undergo as we proceed along the curve. 



Eet us examine, then, the conductance function XXV. Applying 
Equations X and XI and using CA as variable in place of C 1 , we have 


dK' m Dm{C\)*‘~ i 
d(Ck) * Ao* 


and 


d'K' Dm{m—\){C \) m ~' 2 
d(CA)» “ Ao” 


(XVI) 


reflectively. 

Equation XV shows that the curve has a positive tangent, i. e., with 
iwreak in g values of CA, K' increases. The curvature is determined by 
Equation XVI, which shows that this is determined by the value of the 
constant tn. When we have tn < i, then 



d ! X' . 

- < o, 

c/(CA)* 

(XVII) 

while when tn > i 

d*K' . 

- > o, 

d(CA)* 

(XVIII) 

and when tn «■ 1 

d*fC 

- - = o. 

d(c.\y 

(XIX) 


It follows therefore that, for values of w < i, the curve of K' and CA 
is concave toward the axis of CA, and, for tn > i , it is convex toward this 
axis. When m =* j, we have a limiting ease, the curve has zero cur¬ 
vature, i. e., K' increases as a linear function of CA. 

From Equation XV we see also that for m < i 


while for m > i 


.. dK' 

hm - =» oo, 

C-ocf(CA) 

(XX) 

dK’ 

hm - = o. 

c-od(CA) 

(XXI) 


That is, in the case of an electrolytic solution for which w is less than 
unity, the function K r approaches the limiting value K asymptotic to 
the axis of K', while for one in which m > x, K' approaches the value 
K tangent to a line passing through K parallel to the CA-axis. In the 
limiting case w ® i, K' approaches K along the Line whose tang ent is 
Dm/Ao". 

Whether tn is greater or less than unity, the curvature increases as the 

1 Ittdijute solutions either C or CA may be employed as dewed. If we use Squa¬ 
ll XIV, however, CA is preferably used os variable, since in this case the result is not 
wrtrfcfed to dilute rotations. 
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Fig. 1 —Showing typical IC'-airvts for different value* of m. 


* For the radius of curvature we have the expression 

j. -i£L] V ' 2(2-a 1 ) 2«w-ll 

w R v,_... ^ssfjz 

d(Ci) ! 

The coeffident 2 — mot the exponent of the first term of the right-hand mr o d wt 
of the equation is positive for all values of m less than 2. Since no case is known of an 
electrolytic for which m is greater than 2, we need consider only such for which 
»<3. Under these conditions the radius of curvature increases with increasing values 
of CA so far as the first terra is concerned, For m> 1, the coeffident 2** ~- t of the ex¬ 
ponent of the second term is greater than unity and the radius of curvature 
with increasing values of Ck • For w< r, we always have i-m> jiw ~r so long .$& y 
. is not negative. In this case, therefore, the first term overbalances the second and Ae 
radios of curvature increases with increasing values of CA. The carvatarc. rtfBefm* 

decreases with increasing value* of CA for all values of m between o and a. 




waof m rm condpctancs ftnrcwar. ? . 

Id water.Curve Ef is calculated lor the same values of the constant* 
enupithat *# * 1.50, while Curve in represents the case when « • 1. 
AS these curves necessarily pass through the common points K' » if, 
at CA a* o, and K' *» X?/Ao* -f- J£, at CA * 1. 

Having determined the geometrical properties of the two graphs with 
which we have to deal, let us examine Washburn’s “New Graphical 
Method of Extrapolating." After discussing the various methods pre¬ 
viously employed hi determining Ao. Washburn introduces his method 
as follows: “In order to avoid the errors involved in what may be called 
the 'arbitrary function' methods of extrapolating, and also to avoid 
similar uncertainties involved in attempting a direct graphical extrapola¬ 
tion, the following method has been devised: It seems to the writer that 
no valid objection* can be urged against it. It rests only upon the follow¬ 
ing two assumptions: (1) That as C decreases, the value of the mass- 
action expression K£ also decreases and will eventually gradually ap¬ 
proach a constant, K a , at extreme dilutions; and (2) that whatever be 
the true form of the curve connecting Kb with C, it must be one which 
does not Show deviations from the mass-action law which increase with 
dilution, that is, in dilute solutions the curve must not exhibit any erratic 
behavior such as a sudden rise or a sudden fall with decreasing concentra¬ 
tion.” . . . "In other words, it is assumed that those influences which 
cause a strong electrolyte to deviate from the mass-action law at higher 
concentrations gradually and steadily become smaller and smaller and 
finally disappear at infinite dilution. No assumption is made as to the 
actual path over which the values of K E shall approach the constant 
limiting value, nor in fact is any assumption whatever made as to the 
mathematical form of the function which connects the conductivity with 
the concentration mer any part of the concentration range open to direct 
measurement," 

The following footnote also appears as noted above: "Unless indeed 

the assumption that, lim dKg/dC = o is considered an objection." 
c-o 

In practice Washburn applies his method as follows: The measured 
values of A are plotted as ordinates against the measured values of C, 
or CA as abscissas. Through these points a smooth curve is drawn and 
values of A are interpolated at round concentrations. With these inter¬ 
polated values of A, values of K' = CA’/A 0 (A 0 — A) are calculated for 
different values of A 0 . These values of K' are then plotted against 
values of C. Four types of curves result, depending on the value of A« 
employed in calculating K‘. First, for the smaller values of A 0 . a curve 
which at higher concentration is concave toward the axis of C but which, 

* Author's footnote quoted in text below. 

5 Washburn's function Kg corresponds to the function K r as employed in this 
«per, and hi* constant K, o ofiespqnda to tbe constant K 
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between a concentration of 2 X io~* and io -4 N, passes through a point 
of inflexion, after which it is convex toward the axis of concentration, 
passing through a minimum, and thereafter rising very steeply as the 
concentration decreases. Second, for larger values of A»> ft curve which 
is initially concave toward the C-axis, and which passes through two 
Inflexion points at concentrations below 2 X io“ 4 N. Third, for an inter* 
mediate value of A 0 , a curve concave toward the C-axis, at higher concen¬ 
trations, which passes through an inflexion point between 2 X io" 4 and 
to -4 N, continuing to lower concentrations convex toward the C-axis, 
finally cutting the axis of K’ tangent to a line parallel to the C-axis. 
Finally, for considerably larger values of A», a curve which is every¬ 
where concave toward the C-axis. That value of A, which gives the third 
type of carve, Washburn assumes as the correct one. 

On examination, it will be found that this method Of extrapolation 
fails to conform to the second assumption made. An “erratic behavior” 
is to be judged not alone in discontinuities or sudden changes in the 
value of the primitive function, but also in any unusual changes in its 
derivatives, if we apply Condition XI with regard to the second differ¬ 
ential coefficient, we find this remarkable behavior: At higher concen¬ 
tration, and down to approximately 2 x io~* N, the curve is concave 
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toward the axis of C, the curvature increasing as the concentration de¬ 
creases. Then the curvature begins to decrease. When a concentration 
of approximately to -4 has been reached, the curvature passes through 
aero and thereafter increases with extreme rapidity reaching a maximum 
a little below to -4 N and thereafter again decreasing and approaching 
zero at zero concentration. In short, in dilute solutions, where we have 
least reason to expect an erratic behavior of the conductance function, 
Washburn assumes a function which exhibits extreme complexity. On 
the other hand, the curve which results from considerably larger values 
of A«, is in every way a regular curve which retains, in dilute solution, 
the same form which it has in concentrated solution and whose curvature 
Increases regularly, with decreasing concentration. The courses of the 
first and second derivatives of Washburn’s function are shown in Fig. 2 as 
Curves II and III, respectively, while the primitive function is shown as 
Curve I. Curve I is the reciprocal of the derivative dA/dC of the graph 
represented by the broken line in Fig. 5. If the primitive function at low 
concentrations possesses the same form as at higher concentrations, it has 
the form of Curve I in Fig. 3,'where Curves II and III represent the courses 
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3-—Slowing derivatives of equation XIV. 

1 In this case Ca » employed as variable instead of C. in which case we are not 
restricted t» the condition A/A* - 1. la any tm, however, this ratio varies so little 
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of the first and second de rivati ve s , respectively, of the primitive aaowa 
In Curve I, 

Washburn's first assumption, also, is not fulfilled by his method of 
extrapo latio n for he imposes the condition lim dK'fiC **■$*> This con¬ 
dition, it is true, is compatible with the assumption in question, «•* k M 
not a necessary condition. The curve of K', so far as the assumption 
g oes , might intersect the axis of K' not alone at the angle o\ with the 
CA-axis, but at any angle from o° to 90®. 

Ip Fig. 4, the crosses represent experimentally determined values of 
A and of CA, values of A being plotted as ordinates and of CA as abscissas. 
The points in question are those determined by Weiland in his first 3 
series of measurements. The points are numbered in order except that 
the first point of the second series has been omitted. The point marked 
"AT" is due to Kohlrausch and Maltby. Among the points a smooth 
curve ha 1 * been drawn as represented by the continuous curve. From 
the point P, which is in the neighborhood of the last exp e ri mental 
points, let us draw a tangent to the curve and extend it until it cuts the 
axis of A at the value A' 0 = 129.74. If we calculate the value of K’ 
for different points assuming for A c the value A' 0> we obtain for all points 
lying on the tangent the value K'p corresponding to that of the point 
P. If, on the other hand, a point lies above the tangent, the value of 
K' calculated will be greater than K'p, while if it Iks below the tangent 
the corresponding value of K' will be less than K'p, assuming the same 
value of A„ to be used in all cases. If, then, assuming Ao ** 129.74, 
we calculate K r for points along the smooth curve, the value of K’ will 
decrease with decreasing concentration approaching the value K'p as a 
limit. In a graph of K' and C, the curve becomes tangent to a line par¬ 
allel to the C-axis which intersects the K' axis at the value Kp. The 
concentration at which tangency occurs is C P corresponding with that of 
the point P. If a value of A 0 is assumed, smaller than A' 0 , such as 
Aoi = 129.64, for example, the values of K' calculated on this assumption 
for points on the smooth curve will everywhere be greater than thane 
calculated for a larger value of A 0 ■ The K\ C -curve in this case posses 
through a minimum corresponding to the point Pi, at which a line drawn 
from Aoi to the smooth curve is tangent to that curve. At the point in 
question, the value of K ' will be K'p,. For a value of A® g reater than 
A'o *> 129.74, the K\ C- curve everywhere lies below that e«iculo<yd on 
the basis of the latter value. This curve does not pn«? through a mini* 
mum but has two inflexion points. Far sufficiently large values at A*, 
however, the inflexion points disappear and the K‘, C-curve 
everywhere concave to the C-axis without any sk grtyfrfo until it be- 
in comparison with C that die fans of the corvee is not effected materially. The 

cmatants of Curve I we tboae for po tw s ia a i et loride whose vahoewte tlveB hehw. 
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vmt* tangent to tiie JK' axis at some definite value K. In Fig. 4, the 
value A» — 129.9, at which the smooth curve, extended (shown by the 
. frffflfom Hae), cuts the Anuria, is such that the corresponding K\ C-curve 
b e c om es tangent to the K' axis at the value K « 0.001. This value is 
equal to the cotangent of the angle, shown in the figure, at which the 

C-curve cut* the A-axis. 

tf, in drawing the smooth curve, the last points, r, 6 and >0, had been 
neglected, the curve might have been halted at the point Pi, and extended 
to cat the A-axis at the value A c i *■» 129-64. In this case a K\ C-curve 
would have been obtained which approached the limiting value K'f, as 
determined by the cotangent of the angle which the tangent A 0 iPi makes 
with the A-axis. If the points at lower concentrations were lacking up 
to P>, for example, a indue Ao> «=• 129.44 could be extrapolated, and the 
values of K' calculated on the basis of this value of A 0 would approach 
a limiting value K'p, determined by the cotangent of the angle as shown 
in the figure. 



So long as the points at the lower concentrations are available, it is 
dear that the tangents draws to P» and Pj are oat of the question. On 
the other hand, the tangent to Pi Iks within the limits of experimental 
dtor of two of the three points near P. The tangents draws to P^and 
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to Pi differ by less than 0.02% aX the lowest concentration at which 
measurements have been made. The values of A 0 based on these two 
tangents are 129.74 and 129.64 respectively. If we grant for the moment 
that the method of extrapolation here in question is correct, It is evident 
that the values obtained for Ae and K admit of considerable variation 
within the limits of experimental error. But there is no reason, for be¬ 
lieving that this method of extrapolation is justified. In fact, as we have 
seen, this method of extrapolation imposes on the conductance function 
a degree of complexity which appears altogether improbable. If we 
assume that the conductance function in dilute solutions follows 
the same general trend as it does in concentrated solutions, 1 no 
singularities arise either in the function itself or in its first and second 
derivatives. The extrapolation of this function is indicated in Mg. 4 by 
the continuation of the curve as a broken line until it intersects the A- 
aris at the value 129.9. From the equation of the curve, which is given 
below, it follows that the limiting angle at which the curve approaches 
the axis is arc cot K ■= 0.001. Here again we have another value of 
Ao consistent with the experimental points well within the limits erf error. 
An examination of Fig. 4 will make it dear that the values of Ao and of 
K arc not to be determined with any degree of precision from measure¬ 
ments in dilute solutions alone. Even higher values than 129.9 would 
be in agreement with the experimental points within the limits of error. 
To extrapolate the function we must take into account the experimental 
values at higher concentrations. 

The foregoing analysis shows that Washburn’s method of extrapolation 
by means of the K', C-plot must give identical values of Ao with those 
obtained from the A, C-plot if, from the last point cm the experimental 
curve, a straight line is drawn tangent to this curve until it intersects 
the A-axis. The statement, “No assumption is made as to the actual 
path over winch values of K B shall approach the constant limiting value 
. . . is not correct This method of extrapolation is based on the 
assumption that K' approaches its limiting value horizontally. 

Let us now examine the conclusions which Weiland draws from his 
experiments. He made 5 series of determinations between approximately 
io~ 4 and 2 X io~* N; two of the series comprize 4 points, two others 
3 points, and the fifth comprizes 4 points up to 1.5 X io -4 N. Weiland 
states that in the most dilute solutions the error may reach 0.05%, due 
to error in weighing out the salt. If this is true, some of the more con¬ 
centrated solutions may be in error to this extent, since they were made 
up by weighing out successive amounts of salt of this order of magnitude. 

1 It may safely be assumed that the C, A-curve is not concave toward the C-axis 
ataay pant for, otherwise, the value of S' would diminish with increasing conceit tra- 
tkm. There Is no experimental evidence which indicates such a course. 
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Welland ascribes the failure of the points of different series to tie on the 
atm* smo oth curve to variations in the cell constant. In 3 runs, how¬ 
ever, he measured solutions whose concentration lay near io~* N. As 
may be seen from Curve A of Weiland's Fig. 10, these determinations 
check with one another and with those of Kohlrausch within the limits 
of the electrical measurements. It must be assumed, therefore, that the 
cell constant did not vary and that any variation of the points from a 
smooth curve is due to other sources of error. The procedure which 
Weiland adopts, of treating each series by itself on the assumption that 
the variations between series are due to changes of the cell constant, does 
not appear justified, although the rejection of the last series may be 
allowable on the grounds that some consistent unknown source of error 
affects it. 

Weiland plots the values of A as ordinates against those of C as abscis¬ 
sas and draws curves among the points of each series individually. Be¬ 
tween io~* and 2 X io~ 4 N these curves approximate closely to straight 
lines, particularly in the more dilute solutions. These curves probably 
lie within the limits of experimental error. Nevertheless, in drawing the 
curves so as to approximate straight lines, a tacit assumption is made 
as to the manner in which the curves should proceed, and since Weiland's 
conclusions rest entirely upon the form of the curve in these dilute solu¬ 
tions, his conclusions are a result of this assumption. On the smooth 
curves, Weiland interpolates values at ro~\ 7.5 X io"‘, 5 X to - * and 
2 X io~* N. With these interpolated values he then calculates the 
values of K' for different assumed values of A 0 and plots them against 
the concentration. That value of A 0 , which causes the curve to ap¬ 
proach the axis erf K' parallel to the axis of C, he assumes as the correct 
one, 1 and the intercept on the if'-axis he assumes as the value of the 
mass-action constant K. 

As was shown above, any curve in the C, A-plot which is extrapolated 
as a straight line will give a value of Ao yielding a corresponding K', C- 
graph which approaches the AT'-axis parallel to the C-axis and which 
intersects the K '-axis giving a value of the mass-action constant in har¬ 
mony with this value of Ao • The fact that a certain value of A<, renders 
the K\ C-curve horizontal and yields a corresponding intercept on the 

1 Washburn {Lee. dt„ p. 130) believes that, since a change of o or unit in the 
value of A« causes the K‘, C- curve to rise or fall rapidly, the value of A, is determined 
with approximately this precision and that this precision is greater than it would have 
been for a direct extrapolation on the C,A-plot. It is obvious that if the ends 
of the curves in the C,A-pk>ts had been extrapolated to the concentration *ero, 
the value of A* would have been determined with the same precision as in the K\ 
C-plot. . -In both cases the precision is not one of experimental measurements, but 
of reading off and extrapolating graphs, which is solely a function of the scale used in 
Pitting. 



« 4 QRASUSS A. ERATO. 

K'-axis, in no wise proves that this is the correct value of A*, nor that 
the value of K is the true one, nor, indeed that the mass-action law is 
obeyed at all, unless the curve drawn in the C, A-plot is the only curve 
which, can be drawn through the experimental points which lies within 
the limits of experimental error and unless this curve is a straight line 
in the regions where the conductance has been experimentally determined. 
So long as the points as actually measured lie on a curve in the C, A- 
plot, the mass-action law can not be obeyed and the extrapolation of the 
curve to zero concentration remains uncertain. In fact, an extrapola¬ 
tion to zero concentration by Washburn's method cannot give a 
result unless the curve in the experimental region is a straight Hue in 
the C, A-plot. 

An inspection of Weiland’s Kg. io, or Figs 4 and 5, of this paper, 
makes it dear that the limits of error between u> -< and 2 X W"* N arc 
sufficiently large to make it posable to pass a great many curves- among 
these points, all lying well within the linuts of experimental error. In¬ 
deed, it will be observed from Weiland’s Fig. 10 that 3 series of measure¬ 
ments give points which lie on curves decidedly convex toward the axis 
of C, while 4 out of 3 points of smother series lie on a curve convex in 
the same direction Only in the case of one curve, comprizing 3 meas¬ 
urements, do the points lie on a straight line On the other hand, in 
not a single case do the points lie on a curve concave toward the C-axis. 
In the light of these facts, it is difficult to avoid the conclusion that the 
true form followed by the curve in the C, A plot is one convex toward 
the C-axis and not a straight line as Weiland and Washburn tacitly 
assume. 

Because of the small value of the non-ionized fraction of the salt in these 
solutions, and the consequent great variation in the function K' due to 
a small error in the determination of A, the true variation of this function 
with concentration is entirely masked. There is little hope that meas¬ 
urements may lie earned out at these high dilutions with sufficient pre 
cision to enable us to determine what is the true form of the function 
To get a notion of this, we must fall back on other consi de rat ion s, such 
as an examination of the variation of the function at higher concentrations 
and the behavior of other solutions Kraus and Bray have shown that 
Equation XIV represents the conductance function within the limits of 
earor in the case of a large number of electrolytes dissolved in several 
different solvents over a large range of concentration, and for others in 
more concentrated solutions, no data being available at low concentra¬ 
tions- They showed, also that this equation applies very nearly to 
aqueous solutions from a concentration of 3 N to 10,V. To apply the 
equation over this range in aqueous solutions, however, it was necessary 
to assume a value of A 0 not in harmony with the measurements of Ko hl- 
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rauach sad Maltfay 1 between io~* and io~‘ N. Since the measurements 
of Wdland confirm those of Kohlrauseli, it is evident that this assump¬ 
tion is not allowable. However, it is clear that, in any case, the function 
applies very nearly, and it is possible that at lower concentrations it will 
apply more exactly. Even though this equation should not apply exactly, 
it is of interest to examine what variation the constants undergo as the 
concentration decreases, and it will be reasonably sale to assume that 
the direction in which the constants change as the concentration de¬ 
creases will not undergo a reversal of sign at low concentrations and, in 
particular, that any such change will not take place in a small interval 
of Concentration. 

Employing the measured values of Kohlrausch and Maltby and of 
Wetland, the constants of Equation XIV were calculated from io~* N 
to the lowest concentrations measured. The following values were ob¬ 
tained: m *• 0,52. D *■ 1.703, Ao «= 129.9 and K =• 0.001. 1 The curve 

Concentration X 10*. 

o 9.5 3.0 7.5 100 13.5 



Pig. 3.—Showing deviation of calculated curve from experimental values. 

* IFi». Abb phys.'leck. MeiduatutaU, 3, 3 to {1900). 

* Between 3 # and to~* A’ Kraus and Bray found the values: m - 0.763, £ «* 
3.707, At «• 1*8.3 and K m 0.080. On comparison it is evident that D decreases slightly 
it lower concentrations. The constant K is orach smaller than that of Kraus and 
Bray, Garreapoedingly the value of A« is larger. Most significant is the fact that 
the exponent m to markedly smaller, a result which docs not harmonise with the 
function which Washburn ammo. 
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erf this equation, together with the experimental values, are shown in 
Mg. 5 up to 10-* N, values of A being plotted as ordinates and those of 
C as abscissas. At the bottom of the figure are shown the deviations 
of the experimental values from the calculated curve, up to 10 * N, the 
logarithms of the concentrations being plotted as abscissas and the values 
of the percentage deviations (A^.— A^VA,*, 43 ordinates. These 
values are represented by the crosses. The values of Kohlrausch and 
Maltby are included up to o.oi AT. The greatest deviation of any 
point is 0.055% f° r Weiland's measurement at 6.1994 X 10 * N. The 
curve agrees almost exactly with the mean values of Kohlrausch except 
at io _I N, where the deviation is +0.032% arid at 10 iV where the 
deviation is —0.04%. At higher concentrations than 10 N, the equa¬ 
tion yields values considerably higher than those measured, and the 
deviation of +0.032% at to - * N is the result of this trend. There can 
be no question that the function represents the experimental values within 
the limits of error, up to ro -1 .V. The deviation of Weiland’s measured 
values from his best, smooth curves are represented on the same plot by 
circles. 1 It will be seen that, even though he had only the dilute solu¬ 
tions to consider, his curve fits the results little if any better than does 
the calculated curve. The maximum variations from Weiland’s smooth 
curve are slightly greater tlian those from the equation. Only in the 
case of the points very near to io~* N does Weiland’s curve agree better 
than that calculated. On the other hand, in the most dilute solutions 
the experimental values lie slightly more favorable in the case of the 
calculated curve. At no point, however, is there a consistent deviation 
of the experimental values away from the calculated curve. Wherever 
the deviations are large, experimental values will be found lying on both 
sides of the curve. Leaving aside all other considerations, the fact that 
the experimental values may be so exactly reproduced by means of a func¬ 
tion which is so radically different from that which Washburn deduces 
from the measurements of Weil and in dilute solutions, shows condusivelj' 
that Washburn’s conclusion as to the mass-action law and the value of 


A 0 are not binding. 

When we examine Washburn’s conclusion from other points of view 
it becomes even less probable. Should we grant these conclusions, then, 
in the light of the geometrical properties of the curve which he obtains, 
1 In this, Weiland’s fifth series, which he ha* himself rejected, is not inchtf frd 
* Weiland’s smooth curve is shown in Fig 5 as a tauten line. It wflt be observed 
that it differs from the calculated curve only within the limits of error. I* wffl also be 
observed that Weflaod’s curve consists of two part*, one in dilute ^ which 

approximates a straight line, another in more concentrated w hich — m 

slight curvature The two parts are joined by a short length between 0.9 X »-* 

S ^ curv «“*c- The cccrntriritfea of the Curve la 

this region are shown more clearly by the curves in Fig 2, of which this is the primitive. 
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4 he function K‘ must pass through a series of very rapid changes betwe 
a X to 1 "* and io " 4 AT, The value of d'K'/dC* must change sign « 
the curvature of the K\ C-curve, which is increasing in a regal 
manner with decreasing concentration up to a.5 X ro~ 4 N, sudden 
begins to decrease, passes through zero, reverses, increases very rapid] 
and then decreases to zero. Now ail these changes take place betwe 
a.5 X to -4 N and a.o X io~* N in the case of a function which has be 
following a regular and simple course up to this point.* In view of t 
fact that the experimental values throughout the region from 2 X 10 
to a X io~* N may be reproduced well within the limits of experiment 
error by the same function which is known to apply at higher concenti 
tions in the case at a very large number of electrolytes, it is evide 
that the complex function found by Washburn is fictitious and that 

is founded on the arbitrary assumption that lim dK'/dC = o, or, 

c-o 

other words, that the K\ C-curve must approach a limiting value asym 
totic to a line parallel to the C-axis. 

If the K\ C- curve has the form ascriljed to it by Washburn, we shou 
expect to find it reproduced in other cases such, for example, as that 
the weak acids, which at moderate concentration obey the mass-actk 
law within the limits of experimental error. It develops, however, fro 
the work of Kendall’ that this is not the case. If the K\ C- curves a 
constructed for the adds, they are found to be concave toward the aa 
of concentration. In terms of Equation XIV, this means that m is le 
than unity for the acids as it is for strong electrolytes. Kraus and Bn 
have shown that in non-aqueous solutions m is constant for a given elc 
trolyte in a given solvent over a large range of concentrations. It f< 
lows also from their results that there arc cases in which the K', C -cur 
approaches the A''-axis asymptotic to a line parallel to the C-axis. In 1 
such cases, however, the curve has a constant direction of curvature and tl 
curvature increases as the concentration decreases up to the lowest cc 
ocn trattoria. Washburn’s function, however, does not do this- In t 
case of this function the curvature is zero at the lowest concentrate 
and changes sign at higher concentrations. The conductance functi 
In the case of different electrolytes in different solvents is remarks! 
regular. No case is so far on record where the K', C-curve exhibits 
inflexion point if we exclude that which Washburn believes to have d 
covered. 

* Inspection ol pi*. *, already described, win make dear the extremely comp 
character of Waahtjuru'* function, while Pi*. 3 show* equally clearly the regular tn 
of the function baud on the constant* given above for Equation XIV. It is to 
borne tn triad that, at hi g her concentrations, Washburn’* function correspond* 
tM» equation within the litattx of exp e ri m ental error up to ox» N. 

* MM X . Primitopmfcri N a M * ut , a, 38 (***4). 
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As regards the mass-action law, it cannot be said tbit this tow ha* 
been shown to be a limiting- form of the conductance function is the case 
of aqueous solutions of strong electrolytes. It is possible that the con¬ 
ductance curve for potassium chloride might be fitted within the busts 
of «error with a value K =» o, by slightly reducing the value of m. How¬ 
ever, it is equally possible that values of K greater than o.ooi might be 
employed. In fact, they may be so employed, although they will not 
reproduce the experimental results quite as closely as the constants given 
above. Nevertheless, the curves fall within the limit of experi ment al 
error. A change of less than 0.05% in a few experimental points might 
admit a value of AT as high as 0.01 or even 0.015. With present experi¬ 
mental material, however, it would be profitless to attempt a solution of 
this problem. 

Finally, it should be borne in mind that the mass-action law is a limit¬ 
ing expression which is approached more or less closely, but which is 
never fulfilled exactly. As our experiments become more precise, the 
Emits within which it holds constantly recede. The manner in which the 
limiting form is approached under given conditions depends upon the 
nature of the solvent and that of the electrolyte while, for a given combina¬ 
tion of solvent and electrolyte, it depends upon the temperature. In the 
case of solutions which exhibit a K', C- curve concave toward the C-axis, 
the limiting value is approached asymptotic to the A’'-axis. 

Worcester, Mass, 


(Contribution from tub Chemistry Department or the University of Ilwnois ] 

A STUDY OF THE HEATS OF DILUTION OF CERTAIN AQUEOUS 
SALT SOLUTIONS . 1 

By Aiarn Edwin Stkarn and G. McP Smith 

Received August 5, 1919. 

A. Introduction. 

I. Purpose of the Investigation.—A series of investigations* under¬ 
taken in this laboratory with the object of studying ionic relationships 
in aqueous solutions of mixed strong electrolytes has indicated the forma¬ 
tion of higher order compounds in the ionization process, in harmony 
with Werner’s ideas in regard to its mechanism. 

The method of investigation in the papers referred to has been to study 
the equilibria between aqueous and metallic solutions, using mixed salt 
1 From a thesis submitted to the Graduate School of the University of Illinois by 
Allen Edwin Steam in partial fulfillment of the requirements for the degree of Pf-lw 
of Philosophy 

* G. McP. Smith, Am. Cbm. 37, 506 <1907), Tors Journal, 3*, 50a {1910); 
35,39 (1913); Smith and Ball, Ibid., 39,179 (1917); Smith and Braley, Ibid., 39 ,1543 
(*9I7); 4 ®t >97 (1918); Smith and Rees, fbtd., 40, 1802 (1918), 
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solutions and liquid amalgams. The measurement of some oolligatb 
property of aqueous solutions seemed to offer a means of testing the 
ideas from another point of attach, and consequently it was planned : 
tins Investigation to measure the reversible molal heats of dilution < 
certain mixed salt solutions and to compare these with the heats of dill 
tion of solutions of the single salts. 

%. Heats of Dilution.—The reversible molal heat of dilution, Lj 
of an aqueous solution at any concentration is represented by the diffo 
ence in the heats of vaporization of one mol of water from a solution < 
that concentration and from pure water. 

Thus: L d - X, — L,, 

Here L D is the reversible molal heat of dilution, E, is the heat of vapoi 
ization of one mol of water from the solution in question, and L, is th 
heat of vaporization of one mol of water from pure water. 

But L - RT* 

al 

Or Lo-KP—^ 2 .' 

Without a large mass of experimental data on the partial vapor pressur 
of water in solutions of various concentrations and at various tempera 
trues, there is no method of calculating the value of Lo without assuminj 
Raoult s law for cases for which we know it does not hold. For dilute 
solutions where Raoult's law does hold the ratio p/p a approaches unit) 
so that L d is zero. In concentrated solutions, however, "or in dfluti 
solutions where the process of dilution is associated with the formation 
of new molecular complexes, or with the decomposition of those already 
occurring, the heat of dilution may have a positive csr negative value.’’* 

If, now, one should measure the reversible molal heat of dilution for a 
given concentration of solutions of single salts, and then for an equiva¬ 
lent concentration of a solution of the mixed salts, one might expect to 
find the value in the latter case to be somewhere near the sum of the other 
values unless affected by the formation of new molecular complexes. 

B. Materials. 

The strontium chloride was in the form of "pure crystals.” Most of 
. the material was recrystallized once from water. This procedure in the 
light of our results seems unnecessary when it is considered that the heat 
effects in solutions as concentrated as 0.2 .V are so small as to be hardly 
measureable. The sodium and potassium chlorides were of various 
brands, all labeled c. p. These materials are easy to obtain in a state of 
high pprity, and inasmuch as small amounts of impurities have no effect 

1 Kirchhoff, Poti dm*,, 104, (1856); Get. Abk., p. 493. 

* Nerast, "Theoretical Chemistry,” Tran*. 6th Get. Ed., p» 143. 
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on tfae results In this work, it was considered unnecessary to purify then! 
further. 

C. Apparatus. 

The apparatus was a very slight modification of the adiabatic calorim¬ 
eter of Macltmes and Braham. 1 The instrument itself was that actually 
employed by Braham, as were the thermometers, Wheatstone bridge, 
standard cells, etc. 

A calorimetric determination of a positive heat effect consisted of 
measuring the change in resistance of a coil of platinum wire due to the 
direct dilution of a certain quantity of solution of a certain concentra¬ 
tion with a certain quantity of water. Next, a carefully measured quan¬ 
tity of electrical energy was introduced into the solution and the corre¬ 
sponding change in resistance of the same coil measured. For negative 
heats a slightly different procedure was followed where these heats were 
comparatively large. In such cases the procedure was to introduce elec¬ 
trical energy into the solution at a carefully measured rate slightly more 
rapidly than it was taken up in dilution, so that the solution did not cool 
down below the temperature of the surroundings. The reason for this 
is that it is much easier to adjust the surroundings to a rising tempera¬ 
ture in the calorimeter by means of heating coils, than to a decreasing 
temperature in the calorimeter where the cooling of the surroundings could 
not be closely regulated with any degree of satisfaction. After finishing 
the run as described above, one can calculate the number of calories cor¬ 
responding to the electrical energy introduced, and the actual number 
of calories corresponding to the increase in temperature as measured by 
the change in resistance of the thermometer. The difference is the num¬ 
ber of calories due to the heat of dilution. By this procedure the heat 
capacity of the calorimeter is measured as a part of every determina¬ 
tion, and thus inaccuracies due to calculations from questionable data 
on specific heats of solutions, water equivalent of the calorimeter, slightly 
varying conditions of the experiments, uncertainties arising from the 
calibration of the thermometer, etc., are eliminated. Thus by a simple 
proportion the heat of dilution can be obtained at once. For if Hp is 
the heat due to dilution, expressed in joules, then 
Hp : EIT — Rp Rjp 

where E is electromotive force, I the current, and T the time is seconds« 
during which the current is passed through the calorimeter heater. Rp 
and Rr are the changes in temperature, in resistance units, due respec¬ 
tively to the dilution and to the electrical healing. 

EIT 

Or —H d (in calories): —j- = R D :R B 

where J represents Joule’s equivalent, 4.184 joules per calorie. 

1 Machines and Braham, This Jouxmal, 39, 2110 (1917) 
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Since the relation between the change in resistance and the temp 
tore change is not linear, any’large values of Rp or J? E would have b 
corrected by means of the relation 


Af 


loo 


AR 


(Rik — R*) (i + 


d' id’T\ 

IOO IOO* / 

in which Run is the resistance of the thermometer in steam at 760 1 
pressure, R# is its resistance in melting ice, and d' is an empirical const 
Maclnnes and Braham determined Rm and Ro for the thermome 
employed, and used for d' the value 1.47, recommended by the Bur 
of Standards- They found, however, that with the values of R D and 
of the magnitude met with in their work, which were even greater tl 
those met with in this investigation, the correction was too small to afl 
their numerical results b any way; so that if A R = 0.02395, then A/ 
° • 2 395> just Jo times the numerical value of A R. 


D. Method. 


The salt solutions were made on the basis of gram equivalents of 
hydrous salt per 1000 g. of water. Their concentration was ascertah 
by a Volhard determination of the chlorine. The salts used were sodi 
chloride, potassium chloride and strontium chloride ; and the concent 
tions at which the heats of dilution were determined were o.a, 0.4, o 
1.6 and 3.2 weight normal. 1 Points on the strontium chloride curve w 
also obtained for concentrations of 1.2, 2.0, 2.4 and 2.8 wt. N. Mu 
salt solutions of NaCl :'/, SrCl,,NaCI : KC1, KCI : */» SrCI,,and KC 
SrClj were also run at the above mentioned concentrations. These so 
tions were prepared by diluting a volume of the solution of one of the sa 
with an equal volume of the solution of the same concentration of t 
other salt. Thus one volume of 0.8 wt. N potassium chloride and 0 
volume of 0.8 wt. N sodium chloride were mixed and called 0.8 wt. 
of the mixed salt. 

The value of the reversible molal heat of dilution was obtained by < 
luting the solution of a definite concentration with decreasing amounts 
water, and plotting the heat effects obtained against the number of me 
of water added. The curve wa3 found to be a straight line (within tl 
region) so that, by extrapolation to zero mols of water added, the vali 
of the reversible molal heat of dilution at the particular ooncentratic 
could be obtained. 

Accuracy. —The very small values of the heat effects in the case 1 
the more dilute solutions necessitated only approximate results her 
Maelnnes and Braham state that beat effects of from 50 to 60 calori 

1 Weight normal or wt. hi is the number of gram equivalents of anhydrous m 
per 1000 g. of water. 
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can be measured with an accuracy of from 4 to 5 %» l With a total beat 
effect of from 5 to 20 calories one should not expect much more than 30 
(so 50% accuracy. In these cases, however, an error of even 109% would 
change the point cm the curve of the concentration plotted against the 
molal heat effect to such a slight extent that the curve itself would be 
unaffected. In the case of the larger beat effects, running as high as 
600 to 700 calories, the heat change can be measured to within o. 25 to 
0.5%, so that the error of the reversible heat value should not be greater 
than 1 to 3%. 

Some justification for the assumption that the molal heat values ob¬ 
tained by diluting a certain quantity of solution with varying amounts of 
water give a straight line when plotted against the number of mols of 



water of dilution is given in Fig. 1. 
The data for these curves are taken 
from Tables IV and VII, Accord¬ 
ing to Thomsen* "the value of the 
thermal change on dilution always 
varies with variations in the quantity 
of water of dilution, and this varia¬ 
tion, whether positive or negative, 
seems to have the character of a 


• ~ cha *» g e ot molal heat eflect with hyperbolic function of the quantity 
the number of mots of water of , „ . ... . J 

„__ ., "of water added. As will be seen, 

dilution over a wide range. . 

the region of the curve on which the 
experimental data represented in all the subsequent curves fall is so far 
from the vertex that the change of dope of the curve has become vanish¬ 
ingly small, and it is practically a straight line. (In Fig. 1, mols of water 
of dilution per ro.ooo g. of solution are plotted as abscissas, and the H9I 
hept effects as ordinates ) 


E. Experimental Results. 

Tables I to VIII give the data for the heats of dilution of various salt 
solutions and mixtures. Table I gives in considerable detail the results 
of a run including resistance readings, results of potentiometer readings, 
etc. Table I is for the case of a negative heat effect, and a sample 
calculation from the data included in the table is appended. 

In this table, "Tune’' is the time in seconds during which heat is passed through 
Ihe Mteimeter heater; “Res." ,s the resistance ol the thermometer in ohms '•«" 
is the change of resistance of the thermometer m ohms multiplied |>y io»- “Sol. r «> 
represents the number of grams of solution to be flilutf-rl ham * ^ * 

a, 

the resistance bos ‘ « was m**s*ary to shift « phi* In 


* Pattison Mmr, "gleroea ts of Thermal Chemistry,'’ p. t (>j. 
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"Amp " is the current In amperes through the heating coil of the calorimeter; "E- M. 
F.” is the voltage drop across the terminals of this same coil; "Cal ” is the number of 
calories of electrical energy introduced. 


The total heat effect of the dilution is given in calories as well as the 
molal bait effect The latter value is obtained from the former by dividing 
it by the number of mols of water of dilution. 

A few carves representative of the 
method of extrapolation are given. 

Mols of water of dilution are plotted 
as abscissas and molal heat effects as 
ordinates. Fig. 2 gives the curve for 
2.9 wt. N SrCl* and that for 0.8 wt N 
KC 1 . The size of the plotted point 

gives an estimate of the probable ac- „ DlMl „ 

curacy of each point. The radius of pj g . j.—Molal heat effect as a function 
the circle represents the variation in of the amount of water of dilution, 
the molal heat of dilution due to a (Noth. Read the ordinates as negative 
variation of 0.00001 ohm in the re- for the KaCi curve.) 

sistance measurement. In the remainder of the data, the values obtained 
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by drawing similar curves are given but the curves themselves are not 
included. 

Tables III to IX give a condensed summary of some 50 tables of the 
type of Table I. 


Table I - -Heat or Dilution or 3 1 Wt .V NaCl 


Tt Mem 
Star 

ke* 

Ohm* 


So). 

C. 

H«C> 

Mol*. 

CdITOlt 

Amp 

BMP. 

Votu 

Free 

Total ht 
effect, 
cat 

effect 
per mol, 
cal. 


27 4 MC*> 










uos 


10,386 

27 4 







3 » 7 * 

1170 



2 322 

6 635 

1105 




5 » 9 » 

<Ji 3 



2 W 

6 S« 


— 546 



-7 4 JJKX» 










nn 


10,586 

18 4S 






tfx> 

tfftn 

810 



2 335 

6 66 

II15 



3 <*> 

4*65 

1260 



2 334 

t. 66 

ut$ 

— 

—21.6 


37 - 44 SOO 










1862 


10 , 5*6 

tt 






300 

3808 

V 4 * 



2.33 

6 65 

uu 



300 


»* 3 S 



*..w 

6 66 

m3 


- 


5 <HS 







— 238 

—as 9 $* 


Reversible Motii Heal of Dilution, Lp —jj o caL 


StmpU Q s Um k Hm , If mj cab. produce a change in resistance of 123$ unto. 
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«hea m. «fe would produce in the same amount of the same ^uticm a change of 

WsUst^ of w* units. Tta change of Stance of 

Entity of beat, therefore, equivalent to that re P re,e ^‘ uuits ^ cqu[v . 

Wit 9+ 6 OT *85 units was used up by dilution Tb^ ^ “ lue then would 
alent to in 5 cals., 285 units would be equivalent to 258 cals Th 
represent the heat effect due to dilution with it 22 mols of water. ™"” 
effect would then be 258 divided by 11.22, or 22.95 cals. The sign 


negauvc. 

Table II.- 

—HbaT of 

Dilution or NaCl Solutions 

Reversible 

Concen¬ 
tration- 
Wt. N. 

Solution 

G. 

Water of 
dilution 
Mols. 

Total heat 
of dilution 
cal 

Mold heat 
of dilution 
col. 

molfll beat 
of dilution. 

cal 

3 2 

10,586 

27.4 

—546 

—19 9 




18.45 

—398 

—21.6 




11.22 

— .258 

—22-95 

—25 .O 

1.6 

8,280 

34-83 

—245 

—7.04 




22 .06 

—179 

—8 06 




11 75 

— 102 

—8 67 

- 9 #9 



7 84 

—71 1 

~-g 08 

0.8 

7,986 

36 45 

— 70 0 

—I 92 




32 86 

—77.8 

—2.37 




25 65 

— 70 9 

—1 76 




r6 75 

—48 44 

—2.89 

" & 9* 

0.4 

7,900 

37 73 

— 29 62 

—0-79 




33.58 

—^24.09 

—0 94 




21-5 

—35 38 

—I 18 




16 5 

- 31 .15 

—I .28 




12.47 

-17.16 

—1.38 




8 86 

—12.48 

—I .41 

— I 60 

0,2 

9,300 

28.8 

—17.64 

—0-61 




*3-4 

—17 9 

—0.765 




18.II 

—13.4 

—O 74 




14.6 

—IO O 

—0 69 

—0 &5 


Table III.— Heat of Dilution 

or KC 1 Solutions 







Rtwiibk 

Concen¬ 


Water erf 

Total beat 

Mobil best 

saolaj 

tration. 

Solution. 

dilution. 

of dilution 

of dilution 

of dfluOon 

Wt. N. 

G 

Mols. 

cal 

col. 

Lpcal- 

3.16 

8,410 

39-0 

— 781 .0 

—20 03 




26.55 

—604-3 

—22,76 




19.4 

—484.0 

—34 94 




14.4 

—382.2 

— 26.48 




9.4 

—261.2 

—27 .79 

—30 O 

1.6 

8,000 

40.0 

—289 5 

—7.24 




30.0 

—246.7 

— 8.23 




20.0 

—177 2 

—8.87 




10.0 

—103.3 

—to .33 

—10 80 

0.8 

8,000 

40.0 

— 70 68 

—1 .77 




30.0 

— 64.9 

—2.16 




20 O 

—48.8 

—2,44 




10,0 

—27.8 

-2 78 

—J .40 
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Table III (continued). 


Coocra. 
tratloo. 
Wt N. 

Solution. 

G 

Water of 
dilution. 
Mol* 

Total heat 
of dilution 
eol. 

MoIbI heat 
of dilution, 
cal. 

Rer*rribl* 
molai beat 
of dilution. 
Ld c»1- 

0.4 

8,000 

34 95 

—150 

—O.43 




30,0 

—'3 41 

—°-45 




25.0 

—14.I 

—<>.564 




20.0 

—11 44 

—0,622 




15 o 

—10.0 

—0.67 

- 0.95 

0.1 

7.850 

40.0 

—3.74 

—0.069 




$».* 

—2 92 

—0 076 




34 0 

'5 1 

—0.094 




30.0 

—3 I 

—0.103 




30.0 

—3 25 

—0.108 

—0.24 



Tabus IV.- 

—Heat 0? Dilution of SrCJi Solutions. 


Cow ti 

(ration. 
Wt. N. 

Sotution. 

G. 

Water 
of fJilutKra. 
Mob 

“Total heat 
of dilution, 
cal. 

MoUl beat 
c4 dilution, 
cal. 

Reversible 
moial beat 
of dilution. 

Load- 

3 * 

10,000 

35 .0 

I89.O 

5-4 




»5 O 

95 -7 

6.4 

7-3 

2.9 

9 > 5 <*> 

372 

129 8 

3 49 




30 O 

M 2 4 

3 75 




30 0 

114 I 

3- Bo 




* 7-7 

109 2 

3 95 




20.0 

86 33 

4 31 




19 5 

85 44 

4 3* 




IO O 

48 5 

4 83 

540 

*•4 

10,000 

35-0 

33-7 

0.96 




»5 O 

32.5 

I .29 

2.10 

2 .O 

10,000 

35-0 

35-3 

I .01 




»5 .O 

31 O 

1.23 

1.75 

» - 5 S 

Jo,ooo 

40.0 

3.3.64 

0 59 




30 O 

21 .4 

0 Ji 




30-0 

20 92 

0,70 




30,0 

>7 3 

0.86 

I.II 

l.l 

10,000 

35 0 

IS .9 

0 54 




25.0 

>63 

0.65 

O.9O 

0.8 

10,000 

40 0 

13 -4 

0.38 




30.0 

13.0 

0-44 




20.0 

10.0 

0.50 

0.62 

o.W 

10,000 

40.0 

II .16 

0.28 




30.0 

10.07 

0.34 




20.0 

7-4 

0.37 

O. 5 O 

o.a 

tOjOOO 

40.0 

7.88 

0.20 




30.0 

6.81 

o*n 




20.0 

4 .o + 

o.a* 

0 , 25 * 
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Table 

i 

7 

> 

at Dilution op NaCl, KC 1 Solutions. 

Concen- 

tlUtlOB 

wCW. 

Solution 

G 

Water of 
dilution 
Mols 

Total heat 
of dilution 
cal 

Motal heat 
of dilution 
cal 

Reversible natal beat at dU Lp. 
Ob» Calc. ' 

3 2 

10,000 

40 o 

— 780 0 

*9 5 





30 o 

— 658 0 

—21 9 

• 




20 O 

—468 O 

—23 4 





IO O 

—2j6 0 

—25 6 

—27 8 

—20 6 

i 6 

10,000 

40 0 

—286 6 

— 7 .16 





30 0 

—230 7 

— 7 70 





20 O 

—165 1 

—8 30 





IO O 

—88 6 

—8 86 

—9 40 

—7 *8 

o 8 

10,000 

40 O 

—58 54 

—1 46 





30 O 

— 52 6 

-I 73 


• 



20 O 

—39 25 

— I 96 





IO 0 

—23 8 

—2 38 

— 2 60 

—a 33 

o 4 

10,000 

15 0 

— 21 0 

—O 60 





2 5 0 

— 16 0 

— 0 65 





15 0 

— to 4 

— O 70 

—O 77 

—1.01 

0 2* 

10,000 

40 0 

—7 2 

— 0 18 





30 0 

-5 8 

— 0 19 

— O 2 

—0 jj 


* Another run gave a non measurable result probably due to the fact that equi 
hbrium between the solution and the dilution water had not lieen reach* d 


Tabus VI —Heat op Datnow op NaCl ifi SrCb Solutions 


Conoeti 
tration, 
Wt X 

Solution 

G 

Water or 
dilution 
Mols 

Total heat 
of dilution 
cal 

Molal heat 
of dilution 
Cal 

Reversible tnoUl heal of dll Ip 

Oba Calc 

3 2 

10 OQO 

40 0 

—30} 0 

—7 58 





to 0 

—246 0 

—8 2i 





20 O 

—177 0 

—8 85 





10 0 

"-95 O 

—9 50 

—10 20 

—8.70 

1 6 

10,000 

40 O 

-108 g 

—2 72 





IO O 

—91 8 

~ J It 





20 0 

--"70 2 

—t Si 





IO O 

—36 6 

—3 hi 

~*4 20 

—5 3 ® 

0 8 

10,000 

40 O 

—28 2 

—0 70 





30 O 

—25 7 

—0 86 





15 O 

~t6 1 

—1 07 

—I 30 

~J 18 

0 4 

10,000 

40 O 

—8 63 

—0 22 





20 O 

—6 0 

--0 30 

—-0 40 

—0.60 

0 2 

10,000 

40 0 

~50 

—0 12 





2 S O 

) 0 

—0 12 

-5 | 

—O * 



BRITS OS DILUTION OF AQU8O0B SAVt 90Um0N8. 97 

Table VII.—Heat of Dutmoi* or KCl ; i/« SrCfc Saumom. 


s **$**■ 

Witter of 

Mate, 

Total heat 
dilation, 
cal. 

Metal heat 
of dilution, 
eal. 

Reverdbla motal heat e# dU. t > 0 . 
Ob*. Cite, 

3,9 10,000 

40.0 

—575 0 

—14 37 



30,0 

—479 .0 

—15.70 



*0,0 

— 343-5 

—17.2 



10.0 

—189 0 

—18.9 

—20 5 —-9.7 

(Duplicate Run) 





3,9 10,000 

35.0 

- 514.8 

—1472 



*5 .0 

— 419.0 

—16 48 



150 

—J 6 g ,3 

—17 95 

—30.7 

i .6 J0.000 

40.0 

—168 .3 

—4 *1 



300 

—149.0 

—4 75 



30.0 

—109.0 

—5 10 



too 

—54 3 

—5 43 

—6 r> —2 6 

(Duplicate Run) 

\ 




1,6 10,000 

33 .0 

—150.5 

~4 30 



35.0 

—Ill 3 

—4 86 



15 0 

—77 O 

—5 15 

- * 0 

0 8 10,000 

40.0 

—39 4 

—0.81 



30 0 

—97 .9 

—« 93 



20.0 

—90 2 

-1 t>! 

-1,22 —0.53 


o .4 On (our dilution* there was no certain effect measured. 

—o 00 —o 00 

o 1 Sim* the o ,4 wt. «V solution gave a value which was too small to be measured, 
no dilutions were made <m this solution. The observed value may be safely assumed 
to tic zero. The calculated value is zero. 


Tam,k VIII, —Heat or Dilution or KCl . SrCb Solutions. 


C«1WTf|- 

l ration. 
Wt. S . 

SoIuUoc. 

0. 

Water of 
dilation 
Mala 

Total heat 
oi dilutlea 
cal. 

Mdal heat 
Of dflalM. 
r»I 

RrratiMc aotol heat «f dfl Ld 

OU- Cole. 

3 2 

10,000 

35 0 

—375 0 

— IO 66 





93 .0 

—997 • 1 

—■II 88 





*5 0 

—1R4 6 

— 19 ,30 

— 14 0 

—3.9 

1 .6 

10,000 

s» 0 

—96 .06 

—2.75 





25.0 

—86 47 

—3 46 





15 0 

—60 80 

— ■4 06 

—5.9 

■'-0-6 

0.8 

ia»o00 

35 0 

—18.6 

—0.53 





95.0 

—16 5 

—0 66 





ij 0 

—15 6 

—1 04 

—' 3 

— t> 0 


F. Discussion. 

Figs. 3 to 7 show graphically the change of the reversible roolal heat of 
dilution with the concentration for the various solutions studied. The 
concentrations expressed in terms of weight normality, are plotted as 
abscissas; while the heats of ddution in calories per mol of water of dflu- 
tjtoii, are plottedjag ordinates. Fig. 3 shows this foe the 3 single salts, 
by means of curves, plotted to the same scale. Figs, 4 to 7 show the 
change of the heat of dilution at the various salt mixtures with their emu* 
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centra tions. There are 2 curves in each of these 4 figures. The oofc 
labeled "Obs” gives the curve as it was observed experimentally, whfle 
the one marked "Calc.” is plotted from data calculated cm the assump¬ 
tion that the heat of dilution of a mixed 
salt solution is equal to the sum of the 
heats of dilution of solutions of the 
various constituents at concentrations 
equivalent to their concentrations in the 
mixed solution. 

It will be noted at once that, without 
exception, the observed values lie on a 
curve which, except at low concentra¬ 
tions, is significantly lower than the 
curve for the calculated values. This 
holds even in the case of the mixed 
sodium and potassium salts where one 
might expect the least deviation from the 
calculated values; and is in harmony with 
centration for solutions of the salts the conclusion 1 that die ion-fraction of 
SrCl,, NaCl ana KCl. one of the metallic constituents increases 

with increasing total salt concentration, since the two curves, which prac¬ 
tically coincide at low concentrations, diverge more and more as the total 
salt concentration increases. The curve, to be sure, does not indicate 
which of the ion-fractions increases. 



There seems to be no simple relation between the two curves. In the 
case of the mixture NaCl : 1/2 SrClj the divergence is even less than in 
the case of NaCl : KCl where the least divergence might be expected. 
These experimental curves, then, seem to be influenced by 3 factors. 
There are the specific effects of the two salt components, and there is also 
the very apparent effect of a third species of molecular aggregate, in all 
probability a molecular complex of the two salts with varying amounts 
of water. The concentration of these complexes, in equilibrium with 
their simple components, will be low at low total salt concentrations, 
and the specific effect on the curve will be slight in that region so that the 
two curves should tend to come together at low concentrations. This is, 
as is observed, the case. As the total salt concentration increases, the 
concentration of these complexes correspondingly increases and the curve 
is given a component of slope characteristic of them and App+r,A', n p m 
tiro things; namely, their individual "heats of dilution” at the concentra¬ 
tion at which they occur, which will depend primarily perhaps on their 
heats of formation; and the rate of change of their concentration with 
1 Smith and Baft, This Journal., , 79 (, 9 , 7 ). 
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the total salt concentration, or in other words, the value of their equi¬ 
librium constant 

Thus, if the value of k in the expression 

[(KC1), . (NaCl) y j = 

(KC 1 )‘ (Nad) 51 

is large, and if the complex [(KCi),. (NaCl),] has a iiigh heat of dilu¬ 
tion we would expect the slope of the experimental curve to be widely 
divergent from that of the calculated curve, since a substance of high heat 



» a function of the concentration for the tkm u a function of the concentration far 
mixed salt solution NaCJ :KC 1 . the mixed salt solution NaCl -1/2 SrCl». 

Pi*. 6.—Reversible molai heat of dilution Pig. 7.—Reversible mohl heat of dilu- 
•a a function of the concentration for the tion a* a function of the concentration far 
mf»d salt solution KCl:i/a SrCi,- the mired soft solution KC 1 : SrCfe. 

of dilution is being rapidly produced with increasing total salt concentra¬ 
tion. ’ If the value of k is small the curves will diverge less rapidly. 

Table DC gives the results of a short series of experiments in which very 
large quantities of water of dilution, 5.555 mols H*0 and 10,000 g. of 
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solution, were used. The same tendencies will be noticed as before. Id 
each of tiie 3 cases of mixed salt solutions the observed value of the 
molal heat effect is greater (negatively) than the calculated value, a r* 3 a- 
tionship which agrees with those brought out in the curves. 


Tabus IX. 


H«ftt effect 


Sait. 

Cone, 

Ob». 


SrClj .. 

3.2 wt. N 

+161 


KCI. 

3.2 wt. N 

—948 

..... 

NaCI 

3 2 wt A’ 

—ms 

—824 

NaCI ; KCI 

3 3 wt N 

—loio 

NaCI ■ 1 h SrCU 

3 2 wt N 

—406 


KCI : 1/2 SrCl, 

3 2 wt N 

—S 4 * 

—350 

The assumption of 

these complexes is not out of harmony with expert- 

mental data. The 

substances 2KCI .SrClj and 

2NaCI .SrClj 

have both 


been prepared and isolated 1 and ions of the type (SrCh) and (BaCU) 
have been referred to as probably existing in solution.* Indeed it seems 
probable that there are very few types of compounds which do not tend 
to form “higher order compounds."* 

As was stated in the introduction, according to Nemst the existence of 
a measurable heat of dilution seems due to the existence of complexes 


which are formed or decomposed with dilution. 4 

The thermodynamic expression for the reversible molal heat of dilu 
tion, L&, is 


L d 


on d b* Pi P° . 
RT df 


where p is the vapor pressure of the solution, and p 0 is the vapor pressure 
of the pure solvent at the same temperature. For a negative value of L D , 
as in the case of potassium and sodium chlorides, the equation tells us 
that the ratio />//>„ decreases with the temperature. Thus, if p/p a de¬ 
creases with increasing temperature, it means that p increases more 
slowly than p 0 with the temperature, and from Ranult's law this would 
indicate that at higher temperatures there is an increase in the degree of 
ionization of the salt. A. A. Noyes* found experimentally, however, that 
for salts of this type the opposite was true, namely that the degree of 
ionization actually decreased with the temperature. There must, there¬ 
fore, be some factor which aids in determining what this value shall be, 
other than simple ionization. The heats of ionization can be obtained 
from a knowledge of the rate of change of the degree of ionization with 
the temperature, from the relation 

' Bertheiot and Uosvay, Ann. (him , (si 19, jiS {188s), 

5 Noyes and Falk, This Jovrnai,. 33, 1*55 (191 j). 

* A. Werner, Hewn AwhauUngen a i Gekielt i Attar*. Ckmie, (1013I. 

4 hoc. cit 

» A. A. Noyes, Carnegie Intt. Pub , 63, 339 (1907) 




KBAT8 0 » DILUTION OF AQUEOUS SALT SOLUTIONS. 31 

dlnK ^ Q 
dT " i?r*‘ 

The values calculated from this relationship, however, do not seem to 
agree with those observed. For instance, Arrhenius gives the energy 
equation for the ionization of dissolved potassium chloride 1 as 
KC1 « K + + a- + 36a cal., 

whereas, when calculated, the value of the beat of ionization is found to be 
— 2,000 calories. According to Sen ter, “it seems that the process of ion¬ 
ization must be attended by some exothermic reaction which more than 
compensates for the heat presumably absorbed in splitting up the mole¬ 
cules.” Van do - Waals, 1 as well as Werner, has suggested that ioniza¬ 
tion in aqueous solution is essentially a hydration process and thus the 
energy necessary for its completion may come from the combination be¬ 
tween the ions and water. The heats of ionization are small in com¬ 
parison with the heats of hydration. Thomsen’ has found values as high 
as 8,000 calories per mol. of water combining to form a hydrate. Of the 
two effects, therefore, this one would predominate. The order of magni¬ 
tude of the heats of formation of higher order complexes of mixed salts 
is also great enough to overshadow any ionization effect A few examples 
are taken from Pattison Muir's, "Elements of Thermal Chemistry," Ap¬ 
pendix I: 

SiF*(aq) + zKF(aq) . K»SiF 4 (aq) 23.000 cal. 

NaF 4 - HF “ NaHFj + 17,000 cal. 

NH, + HQ * NH4CI + 42,000 cal. 

AuBr«(aq) + HBr(aq) = HAuBr*{aq) + 7,700 cal. 

These heats are all positive. Now it will be noted in the curves in 
Figs. 4 to 7 that the deviations of the observed values from those calculated 
are always toward a larger negative heat That is, with dilution, the 
complexes existing in the solution are broken up with the absorption of 
heat. 

G. Summary. 

1. The reversible molal heat of dilution has been determined for solu¬ 
tions of the single salts, sodium, potassium and strontium chlorides at 
various concentrations ranging from 3.2 wt. AT to 0.2 wt. S 7 , and also for 
solutions of the mixed salts NaCl: KC 1 , NaCl : V.SrCU, KC 1 : ^SrCl* 
and KC 1 : SrClj for the above mentioned range of concentration. 

3. The heats of dilution of sodium and potassium chlorides are nega¬ 
tive. This fact in the light of the equation 

L 0 - RT* 

* Sejitw, Outtinrt of Pkyticai Chemhtry, p. 444. 

’ Van tier Wauls. Z. pkysih. Chm .Z, *15 (189*). 

* Pattison Muir, "Bfemrots of Thermal Chemistry,’ 1 p 167. 
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ia which L 0 is the molal heat of dilution, indicates an increase in the de¬ 
gree of ionization with the temperature, contrary to the experimental 
results of A. A. Noyes, unless explained on the basis of the decomposi¬ 
tion with dilution, of complexes existing in the solution. 

3. The heats of dilution for the solutions of the mixed salts bear no 
simple additive relation to the heat effects of the single components at 
equivalent concentrations. 

4. The results have been explained on the basis of the conception of 
higher order compounds as put forth by A. Werner. 

IfxaAMA, Hx. 


[Contribution from the Chemical Laboratory of the University OF Illinois J 

A STUDY OF THE HEATS OF DILUTION OF SOLUTIONS OF 
BARIUM CHLORIDE AND BARIUM-SODIUM 
CHLORIDE MIXTURE. 1 

By G. McP. Smith, Allen E. Stearn and R. F. Schneider 

Received August S, 1919. 

In connection with some work done in this laboratory on the heats of 
dilution of mixed salt solutions of strontium chloride with certain of the 
alkali chlorides, 1 it was thought to be of interest to measure the reversible 
molal teats of dilution of solutions of barium chloride and of equivalent 
mixtures of barium and sodium chlorides, and thus to ascertain whether 
the results obtained in the case of strontium were unique. The behavior 
of the barium chloride solution itself would be of interest, inasmuch as 
the strontium chloride in solution behaves differently from the two uni¬ 
univalent salts, sodium chloride and potassium chloride. 'This is due, 
perhaps to the bivalent strontium and to its ionization in partial stages 
to intermediate ions such as the SrCi + ion. In concentrated solutions 
this intermediate ion is perhaps almost the only simple ionic form of 
the strontium. 

The sodium and barium chlorides were of various brands, all labeled 
c. p. Previous work* along this same line as well as this work has 
shown that the heat effects in solutions as concentrated as, 0,2 weight 
normal are so small as to be hardly measurable. Thus, inasmuch as small 
amounts of impurities have no effect on the results in this work, it was 
considered unnecessary to purify the salts further. 

The apparatus used and the method of measurement were the same as 
in the work to be described in the next paper.’ 

■From a thesis submitted to the College of Liberal Art* and Sciences of the Uoi- 
versity of Illinois by R. F. Schneider in partial fulfilment of the requirements for the 
degree of Bachelor of Science, 1919. 

* See Wells and Smith, in the February issue. 

* Ibid. 
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Experimental Data, 

Tables 1 and II give the heats of dilution of the various solutions 
studied. For more complete detail regarding-the data taken and the 
methods of calculation of the molal heat effects, see the previous paper. 


Tabu I- —Hbat op Dilution op BaClt Solutions. 


Concentration. 
Wt. W. 

Solution, 

a. 

Water of 
dilution 
Molt 

Total beat 
of dilution 
cat 

Molal heat 
of dilution 
cal 

Reversible racial 
beat of dilution, 
cal. 

3 * 

10,000 

35 

—102 .0 

-2 9 * 




35 

—95 0 

-2.7* 




*5 

—43 7 

—1 8* 

—2.9* 

>.8 

10,000 

35 

—26 75 

—0 77 




*5 

—27 .0 

—0 88 




15 

—IS 3 

—I 02 

—I .20 

1.6 

10,000 

35 

— 13-75 

—0 394 




70 

— 7 15 

—0.41 

— 0.435 


* These results sre not to be relied on to any great extent, owing to the fact that 
at this concentration the solution is almost at its saturation point. The moat probable 
indication of the value of the reversible molal heat of dilution is the first or second 
dilution giving a value of between —2.9 and —3 o cal./mol. 

Tabus It. —Hbat op Dilution op NaCl Vr BaClt Solutions 

Reversible moixl 


ConctiH 

bohi turns 

Water of 
dllat Km 

Total heat 

a/ rflliit Icn 

Molal beat 
of dilution. 

beat of dilution Cat 

irauoti. 

Wt N. 

G 

Mate. 

uf uuuuon, 
taj 

cal 

OtM 

Calc. 

3 -a 

10,000 

35 

—276 5 

— 7 89 





*5 

—23a 0 

— 9 3 






—172 2 

—n 48 

— 14 -I 

—IO.25 

1 .6 

10,000 

35 

—138 0 

— 3 94 





*3 

— 106.2 

— 4 35 


. 



15 

- 66 4 

— 4 SO 

—4 93 

—3.98 

0.8 

10,000 

35 

— 5 S-* 

— 1 57 





>5 

— 40.7 

— 1.63 





15 

— * 3-43 

— 1.69 

—1.78 

—1.50 

0.4 

10,000 

40 

— 12 OJ 

— 0.30 





*5 

— 13 35 

— 0.38 





15 

— 12.6 

— o.jo 

— 0.75 

*—0,78 


Discussion. 

Fig. 1 gives the graphical representation of the results of the heats 
of dilution as taken from the tables. Reversible molal beat effects are 
plotted as ordinates against concentration, expressed in weight normality, 
as abscissas. 

The barium chloride curve seems to be divisible into two distinct re¬ 
gions; the one up to a concentration of about 2.5 N and the other up 
through the higher concentrations. Comparison with the curve for 
strontium chloride (see previous paper), which was much more thor¬ 
oughly worked out experimentally, shows two regions perfectly analogous 
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cats at their respective concentrations in the mixture. It is seat that 
with increasing concentration these two curves diverge more and more. 
For a more detailed discussion of this type of curve see the next 
paper. Briefly, this divergence seems explicable only on the assumption 
that with increasing concentration there is an increasing tendency to 
form higher order complexes between the various salt constituents due 
to their mass action. Thus, at low concentrations, where these complexes 
would be present only in small amounts, their specific effect should be 
negligible, and the two curves should tend to coincide. This is actually 
the case 

Summary. 

1. The reversible molal heat of dilution has been determined for solutions 
of barium chloride of 3.2, 2.8, and 1.6 weight normal, and for solutions 
of the mixed salt NaCl: 1/2 BaCl s at 3.2, 1.6, 0.8, and 0.4 weight normal. 

2. The heats of dilution of the mixed salt bear no simple additive 
relation to the heat effects of the simple components at equivalent con¬ 
centrations. 

3. The behavior of barium chloride in this respect is found to be anal¬ 
ogous to that of strontium chloride. 

4. These results can be explained on the same basis as the results 
obtained with the mixed strontium salts, namely on the basis of the 
formation of higher order compounds. 

Uebana, Iu,. 


[Contribution from the Chemical Laboratory of the Brooklyn Polytechnic 

Institute.] 

THE SEPARATION OF ZIRCONIUM AND TITANIUM AS THE 

PHOSPHATES, 

By Jamhs Brown and H. T. Maddon. 

Received September 2. 1910, 

In a previous paper, 1 one of us made use of the Hillebrand method* of 
separating zirconium from titanium by precipitation of the former by 
use of hydrogen peroxide and alkaline phosphate in a faintly acid solu¬ 
tion. The titanium, when large in amount, was determined as a differ¬ 
ence or by the permanganate method, and by the colorimetric method 
when small amounts were present. The work recorded in the present 
paper was undertaken with the object of making a direct gravimetric 
determination of the titanium in the filtrate from the zirconium phos¬ 
phate precipitation. 

The standard solutions employed were prepared from pure potassium 
zirconium fluonde (K s ZrF,), and from pure potassium titanium fluoride 
1 J®® Journal, 235S 

<i9w)" A “ W * 01 SUkat * and Carbooat ' ****." V. S. GcoL Sttnr., BtJl.. 4a, I+1 
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(£jTlF t ), reflectively. The pure salts of commerce were recrystallized 
from boiling water several times, and were then converted into the sulfates 
by evaporation with sulfuric add in a platinum dish until ail fluorine was 
expelled. The residues were diluted with water. Qualitative tests showed 
the absence of iron, aluminum, manganese, and rare earths from both 
solutions. 

Standardization of Solutions. 

The solutions of zirconium sulfate and of titanium sulfate thus pre¬ 
pared were standardized by precipitation with ammonia and ignition 
to the dioxide, in the usual way. 

From other portions of the zirconium solutions, the base was precipi¬ 
tated as the phosphate, by disodium or diammonium phosphate, the solu¬ 
tion containing 1-2% by volume of sulfuric acid. The zirconium phos¬ 
phate was filtered off, washed, ignited and converted to the dioxide as 
follows: It was fused with sodium carbonate, the melt leached with 
water, and the insoluble residue dissolved either in hydrochloric acid or 
by fusion with sodium bisulfate and subsequent treatment with a dilute 
solution of sulfuric acid. The zirconium phosphate showed marked 
decrepitation during ignition. The zirconium was precipitated with am¬ 
monia, and weighed as ZrOj after ignition. The zirconium dioxide thus 
Obtained from the phosphate corresponded in each case with the standard 
obtained by treating the original solution with ammonia. The amount 
of zirconium dioxide involved varied from 0.1608 to 0.3216 g. In view 
of the qualitative and quantitative checks thus obtained, the zirconium 
sulfate solution was considered free from interfering bases. 

The solution of titanium sulfate, standardized by precipitation with 
ammonia, and ignition to titanium dioxide, was further standardized 
as follows: 

Portions of the solution containing i- 2 c ,' 0 of sulfuric acid by volume 
were precipitated by use of disodium or diammonium phosphate, filtered, 
ignited and weighed. The titanium phosphate thus obtained was of 
variable composition. It was, therefore, converted to the dioxide as with 
zirconium, and weighed as titanium dioxide. The dioxide thus obtained 
corresponded to the standard obtained by use of ammonia directly with 
the original solution. The titanium dioxide used varied from 0.1124 to 
0.5726 g. 

As a further check on the titanium solution, titanium was determined 
by reduction with line and sulfuric arid, addition of an excess of ferric 
sulfate, and titration of the reduced iron salt by use of permanganate . 1 
The results thus obtained agreed very well with the standard obtained by 
uSe of ammonia alone, and the titanium solution was judged free from 
interfering base. 

* Newton. Am. J. Set., (4) 25, 130 (190$). 
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Separation of Zirconium and Titanium. 

Measu red amounts of the solutions of zirconium and titanium sulfates 
were mixed and made add to the extent of 1-2% of free sulfuric acid by 
volume. An excess of hydrogen peroxide was added. A solution of di¬ 
sodium or diammonium phosphate was added in excess, and the solution 
allowed to stand overnight. The precipitated zirconium phosphate 
was filtered off and washed with water containing a few drops of sulfuric 
acid and hydrogen peroxide. The zirconium precipitate is colored yel¬ 
low by titanium. To remove this titanium we proceeded as directed by 
Hillebrand 1 by fusing with sodium carbonate, leaching, and redissolving 
by fusion with sodium bisulfate and action of dil. sulfuric acid. The zir¬ 
conium was repredpitated by hydrogen peroxide and phosphate, allowed 
to stand, filtered and washed. In some cases this second zirconium pre¬ 
cipitate contained small amounts of titanium, which were removed by 
repeating the above treatment. 

The zirconium phosphate precipitated was converted to zirconium 
dioxide, as in the standardization, and weighed as such. The results 
for the zirconium are given in the table. 

The combined filtrates from the zirconium phosphate precipitation 
were heated to get rid of the hydrogen peroxide. The volume of the solu¬ 
tion was then adjusted so that the content of sulfuric acid was about 
a% by volume, and disodium or diammonium phosphate solution was 
added to assure an excess. The liquid was allowed to stand about one 
hour, and the precipitate filtered and washed. The precipitate was con¬ 
verted to titanium dioxide as in the standardization and weighed as such. 
The results are given in the following table: 


2 rOr taken 

TiOi taken. 

ZrOt found. 

Error 

TfO» found 

Error. 

G. 

G. 

G. 

G. 

G 

G 

0.1287 

O.0562 

0.1282 

—O 0005 

—0 0556 

—0 0006 

O.I287 

O 0562 

0.1281 

—0 0006 

—0 0539 

—0 0003 

O.2394 

O 0562 

O.2588 

—0.0006 

—-0 0560 

—0 0002 

O.2594 

O.II24 

0.2592 

—0.0002 

0 u 20 

' "O .0004 

0.259+ 

O.II24 

0.2585 

—O.OOO9 

~o 11)8 

—0 0006 

0.1287 

O.II24 

0.1284 

—0.0003 

—O 1121 

-0.0003 

O.2594 

O 0562 

0.2591 

—0.0003 

—o.osjf) 

—0 0006 

02594 

O 0562 

0 2592 

—O 0002 

—0 0558 

—0 0004 

0.2594 

O II24 

0.2589 

—O OOO5 

—O I 121 

— 0.0003 


Summary. 

The separation of titanium and zirconium by the Hillebrand method is 
quantitative, within the limits used in this work. The zirconium phos¬ 
phate is converted to the dioxide and gives accurate results. The ti tan ium 
in the filtrate from the zirconium phosphate may be completely precipi¬ 
tated by the use of sodium or ammonium phosphate, but as this precipi- 
1 Lee. ril. 
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tat* is of variable composition, it should be converted to the dioxide to 
obtain quantitative results. 

B>«oxi.xa, N, Y, 


[Contribution rso* rms Deeaxthemt ov Chbuistry or Quean's 
University.) 

THE ANALYSIS OF ACETONE BY MESSINGER’S METHOD. 

By Leo Frank Goodwin. 

RtrtWtd September 21 , i» 19 . 

In the course of research work extending over the last 6 or 7 years, it 
was frequently necessary to make accurate determinations of acetone both 
in large and small amounts. Messenger's method 1 was found to give con¬ 
cordant results under all conditions, and since its accuracy has been dis¬ 
puted by one or two workers, and upheld by others, a resume of the work 
on the subject and conclusions are herewith presented. 

Since the publication of the original Messinger method, it has been sub¬ 
jected to an extended critical examination by Collischonn, 1 Edward R. 
Squibb* and L. F. KebJer. 4 Perhaps the only fault with all this weak 
lay in the fact that no special precautions were taken to obtain pure ace¬ 
tone, and that the acetone was never weighed out accurately. Since, 
however, it was desired only to work out the conditions under which con¬ 
cordant results could lie obtained, this hardly mattered. 

Messenger's method has been seriously criticized only by Vaubel and 
Scheurer,* and by Geelntuyden.* The statements of the former authors 
were concltisivdy refuted by Keppeler, 1 . and those of the latter by Marriott.* 

Messinger’s original results were carried out to an accuracy of only 
one part in 200. Collischonn * made very accurate experiments, but used 
only a sample of Kahihaum acetone purified through the bisulfite com¬ 
pound, which distilled within 1 °. He carried out other experiments with 
commercial acetone and showed that concordant results could be ob¬ 
tained. 

Squibb and Kebler used sodium hypochlorite solutions, but appear to 

1 Bet, 2$, 3336 (18S8). Other papers on the determination of acetone, not else¬ 
where referred to, are as follows- G. Kraemer, Her., 13, 1000 (1880); E. Uinta, J. 
Hoc. Ckem. 1*4, 7, 439 {1888); L. Vignoa, Ibid., 9,639 {1890); E. Aracbesqueae, Ibid.. 
(, too (1890); Otto Folia, J. Bid. Ckem., 4,177 <19171, T, Stuart Hart, Ibid., 4, 477 
(t»»8); J. Rakshit, Analyst, 41, 246 (1916), 

* Z . tmoi. Ckem., 29, 562-572; J. See, Ckem. Inc i., io, 166 (1891). 

* This Journal »A 1068-1079 (1896). 

4 Ibid,, 19, 316-320 (1897). 

»W„ Vaubd and C. Sbeuer, Z. augete. C-htm . sR, 215-316 (1905). 

’ * H, Chr, Geehnuytfen, /. Ckem Set., 70, 679 (1896). 

’ G. Keppder, Z. ongem. Ckem., it, 464-465 (1905) 

* W, M. Merrtett, J. Bid. Ckem., 16, 281 (1913). 

•Uc.cil. 
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have made up their solutions by putting the weighed acetone directly 
into water contained in an open beaker and diluting. Their method 
which is claimed to be an improvement on the original one of Messinger, 
does not appear to haw been adopted elsewhere. 

As will be seen from the experiments recorded herewith, Measinger’s 
method gives accurate results if carried out with the precautions speci¬ 
fied by Collischonn. The influence of shaking, excess add, and time of 
standing seems not, however, to have been fully investigated previously. 

Analysis of Acetone by Messinger’s Method. 

The following procedure, which is practically the standard method 
recommended everywhere, if strictly adhered to, gives accurate and con¬ 
sistent results. 

An amo unt of acetone in aqueous solution, equivalent to 30-40 mg. 
is pipetted or added to 50 cc. of N sodium hydroxide solution contained 
in a glass bottle which can be dosed with a ground glass stopper. After 
standing for 5 minutes, about 25% excess of a 0.1 N solution of iodine 
is run in from a buret with continual shaking. It is essential to shake 
properly or to keep the liquid in continuous rotation. The excess of iodine 
is needed to complete the reaction. 1 The bottle is then stoppered and the 
solution allowed to stand for at least 10 minutes (20 minutes in cold 
weather). 

Twenty-five cc. of 2 N sulfuric add is then added from a measuring 
cylinder, 0.3-0.4 cc. being added in excess of the amount found neces¬ 
sary to neutralize the 50 cc. of caustic soda solution. A ox>5 AT solu¬ 
tion of sodium thiosulfate is then added from a buret until the yellow color 
just remains visible. Freshly prepared starch solution is now added and 
the titration finished. 1 cc. of o. 1 N iodine **> 0.96747 mg. of acetone. 

If a larger excess of sulfuric add is added, too much thiosulfate is re¬ 
quired, and the real amount of iodine solution required is thus reduced 
(see below). 

If the bottle is not shaken vigorously while adding the iodine solu¬ 
tion, the iodine cannot act completely on the acetone, and as much as 
3 times the ordinary amount of thiosulfate may then be required to neu¬ 
tralize the iodine left uncombined, it being transformed into iodate. 

The above method of procedure is based on the following experiments: 

Method of Preparation of the Acetone Solutions.—750 cc. of British 
Government acetone was fractionated through a 12-bulb Young still- 
head, and the main fraction which distilled at 56.07-56.08” at 761.1 mm. 
used for analysis. 

In preparing acetone solutions it is impossible to pipet out the acetone, 
or even to weigh it into a beaker containing water as done by Squibb. 
Loss of acetone cannot be avoided under such conditions. The method 
1 CoOMchoaa, Lot. cit, 
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employed was to take a calibrated, graduated flask and weigh it while 
partly filled with water and stoppered. The acetone was delivered into 
the flask, this «H oW-n and again weighed for the acetone. The flask was 
then filled to the mark with water and aliquot portions were withdrawn 
with carefully standardized pipets. 

A 36.25% solution of acetone by weight was thus prepared, and of this 
5.022 cc. was pipetted out and diluted in another graduated flask to 250 cc. 

The thiosulfate and iodine solutions were standardized against each 
other every 2 or 3 days, and at least once a week against a standard solu¬ 
tion of sodium or potassium iodate. Slight changes in strength were, 
therefore, always allowed for. All pipets, graduated flasks and burets 
were calibrated several times, and the corrections applied during the work. 

The Reproducibility of the Results. 

The constancy of results obtained by Messinger’s method was first 
tested. For this purpose 5.022 cc. of the acetone solution prepared as 
above was pipetted out into glass bottles and analyzed according to the 
method described. 50 cc. of N caustic soda was used, and neutralized for 
the back titration with 24.4 cc. of sulfuric add, this being 0.4 cc. in excess - 
The experimental results obtained were as follows* 

Table I 

Experiment* to Test Concordance 


Kxjrt 

0 t S iodine 

Cc 

0 OSS’ thtasul- 
(ete cnlculaud u 
0 l N iodine Cc 

0 1 N iodine used 
Cc. 

II . 

40 19 

4 08 

36.II 

12 . 

4° 19 

4 on 

36 19 

13 • 

45 2° 

9 21 

35 99 

*4 • 

45 *0 

9-29 

35 91 

16 . 

45.10 

8 98 

36.12 

17 • • - 

45.20 

9.1! 

36 09 

18 . 

45.20 

8.95 

36.25 

»9 . 

45 20 

9 05 

36.13 




Mean, 36.11 


It is seen that Messinger's method gives closely concordant results. 

On the basis of Expts. 13 and 14, assuming the specific gravity of a 
36.25% solution of acetone to be 0.9549, the purity of the acetone would 
he 97 - 6 %- The iodine solution was 0.09788 A 7 . Expts. t6 and 17 give 
98.00%; the iodine solution here was 0.09770 N. 

In common with previous investigators, the difference from 100% 
was assumed to be water, and a solution thus prepared was used to test 
Messinger's method further. 

Influence of Sh a kin g. — Sh a k i n g has a noticeable effect, and experi¬ 
ments were, therefore, run in which the iodine solution was added from a 
buret to the alkaline acetone solution, without shaking. The stoppered 
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battle was Chen shaken occasionally, or sometimes only rarely, so as to 
vary the conditions as much as possible. The following results were ob¬ 
tained. The iodide acetone solution stood for 20 minutes before being 
acidified, and in Expts. 7 and 8 for 35 minutes. 

Table II. 

Discordant Results Obtained if Shaking J* Omitted. 


Bxpt. 

0 I .V iodine 
Cc. 

Thiosulfate equivalent 
0.1 N iodine. Cc. 

NetQ.I N 
iodU*. cc. 

2 .. .. . 

. 45 20 

n .3* 

33 88 

3. 

. 45 - 2 ° 

16.27 

28-93 

4. 

. ... 45-20 

15.69 

*951 

5. 

. 40.19 

11.06 

29.13 

6. 

40 19 

8.82 

31 37 

7 . 

.. .. 40.19 

Si .80 

28.39 

8. 

.. 4019 

13.75 

26.44 

9 . 

. 40.19 

10.32 

29,87 

IO. 

. . 40.19 

11.00 

29.19 

*5 . 

. . 4 J .20 

16.07 

29.13 

20. 

40.19 

n.76 

28.43 


Table XI shows that unless the iodine solution is added with continual 
shaking Wp results are very discordant. 

Influence of Thna^ Standing.—The effect of time of standing before 
Modifying with sulfuricafH %^s next studied. For this purpose a fresh 
Solution of acetone, purified wift permanganate and distilled, was made 
up, containing 4.185 g. in 100 cc. of which 25.026 «e. was diluted to 250 oc. 
and 5.022 cc. pipetted out for analysis. The following results were ob¬ 
tained: 

Table III. 

Influence of Time of Standing Before Acidifying. 


Bxpt. 

0.1 A’ iodine. 
Cc. 

Tkioeutfate equiva¬ 
lent O.i JV iodise. 
Cc. 

Net G.l AT 
iodine used. 

Cc. 

Time of 
standing. 
Mis. 

53. 

• • • 3517 

12.94 

22 .23 

20 

54. 

■ 35-17 

12.91 

22,26 

30 

55. 

.... 3517 

12.8S 

22 .29 

20 

51. 

• 3517 

12.94 

32.23 

5 

32. 

• 3517 

12 .67 

22.30 

5 

56. 

.... 3517 

12.87 * 

22.30 

5. 

57. 

.... 3517 

12.93 

32,24 

5 



Mean, 23.26 



’Five minutes standing is, therefore, sufficient, as has already been 
pointed out by previous experimenters, although 20 minute does no ham. 
My practice is to let solutions stand for 20 minutes, since in cold weather 
the reaction takes a longer time for completion. 

Another point in this connectidh required elucidation. For some reason 
previous experimenters, in their directions for making the analysis, have 
specified that after adding the acetone to the caustic soda solution, the 
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solution should stand for ; min. I had supposed that there might be some 
reason for this, since alkalies effect a change to di-acetone,' but experiments 
were finally made to clear up this point. In one analysis run as usual, 
the net iodine used was 22.93 cc. A similar experiment in which the iodine 
solution was added to the acetone caustic soda solution directly after mix¬ 
ing gave the net amount of iodine used as 22.93 cc- It would, therefore, 
appear to be unnecessary to wait for 5 minutes before adding the iodine 
solution. 

BSect of Varying Amounts of Acid on the Titration,—When excess 
of add is used a larger amount of thiosulfate solution is required for the 
back titration. The following experiments make this point clear: 

Blank experiments were run by adding a known amount of iodine solu¬ 
tion to the caustic soda, letting stand for 20 minutes, acidifying and ti¬ 
trating back. The 50 cc. of N caustic soda used required 23.9 cc. of sulfuric 
acid for neutralization. 

Tabls IV. 


Effect of Varying Amounts of Sulfuric Acid. 

0 1 iV iodine 2 N sol- 0 I iV thtaeul- 


taken. (uric arid iodise used. late a* 0,1 N 

Expt, Cc Cc. Cc. iodine. Cc. 

3A. 7-07 *6-0 7.24 -fo .17 

+A. 7 07 27.0 7 a* +o.ai 

jA. 7.07 3 S-a 7-17 +0.10 

6A. 7 °7 25.5 7 - 3 i +0.15 

. 7 -07 *4 0 7 >1 +0.0* 

8A.. 8.08 24.1 8.08 0.00 

pA . 10.10 25.0 ro 10 0.00 


To get accurate results it is, therefore, advisable to use about 0.5 cc. 
excess of 2 N sulfuric add. 


Expts. 8A and 9A show that there was no nitrite or alcohol in the caustic 
soda used. 


Tabus V. 

Effect of Using a Stoppered Bottle or an Open Flask. 


Bxjrt. 

Condition* 

OA N 
iodine. 
Cc. 

ThioraiftU e*tat- 
vtteijl to 0.1 K 
iodine. Cc. 

Net 0.1 
lodlM U* 
Cc. 

?B. 

Stoppered bottle 

28.48 

7.40 

at.» 

8 B. 

Stoppered bottle 

28.62 

7-32 

31 .14 

9 B. 

.. Stoppered bottle 

28.17 

7 «7 

21.14 

joB. 

Stoppered bottle 

35.30 

14.17 

n -*3 

uB. 

.. Open flask 

* 9-39 

Mean, 21.13 
8.90 20.74 

12B. 

Open flask 

30.17 

9.64 

*0.56 

23B. 

.. Open flask 

98.46 

7.80 

90 .70 

1 A Hoffman, Ttoa Jocxnal, 31, 793 (1909). 

Mean, 20.67 
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In experiments undertaken some 6 years ago when acetone determinations 
of not as high a degree of accuracy had to be made, the titrations awe 
carried out in an open bottle. It seemed of interest to determine the 
error thus introduced. The preceding results were obtained. 

The results show that less iodine is required when an open flask is used. 
This was confirmed by another series of experiments run in the same man¬ 
ner in which the mean of 5 determinations in an open flask was 20.43 cc - 
iodine, as against a mean of 20.71 cc. for 3 experiments carried out in a 
stoppered bottle. 

The Influence of Dilution.—W. M. Marriott* has recently published 
experiments showing that accurate results can be obtained even at great 
dilution. My own experiments lead to the same conclusion, and I, there¬ 
fore, refrain from quoting any further evidence on this point. 

The Influence of Methyl and Ethyl Alcohol.—Previous investigators 
had aways assumed that methyl alcohol was without influence on the 
titration, although they recognized that ethyl alcohol had some influence. 

Rakshit 1 worked out a method for estimating acetone in presence of 
ethyl alcohol, and found that this could be done with accuracy if lime water 
or barium hydroxide was used instead of caustic soda in the Messinger 
method. He makes a correction of 0.8 cc. of 0.2 N iodine solution for each 
one cc. of ethyl alcohol present. He states that the method can be used 
with as many as 10 parts of ethyl alcohol to one part of acetone. He 
found also that one cc. of methyl alcohol has no effect on his method. 
Kebler* found that one cc. of ethyl alcohol required a correction of 0.8 
cc. of o. 1 N iodine. The experiments listed below show that a certain 
error is introduced by the presence of methyl alcohol. Experiments were 
run as usual, but with the addition of 0.5 cc. of pure methyl alcohol. 
Expt. 97 was a blank. The methyl alcohol used in Expt. 98 had been 
dried with lime and redistilled. 

Table VI. 

Influence of Methyl Alcohol 


Expt. 

0 l N Iodine 

Cc 

Thiosulfate 
equivalent 0 l N 

iodine Cc 

Net 0 l X 
iodine used. 
Cc 

97 - ■ 

IO IO 

0-Q4 

0 06 

9 t 

10.10 

9.78 

0.31 

92 

IO 10 

8 36 

>■74 

93 

IO 10 

9.69 

0.41 

94 

10 10 

9 JO 

0 60 

97 

10 30 

9 74 

0 36 

98 .. . 

to 30 

984 

0.45 


It may be concluded that 0.5 cc. of methyl alcohol causes an error of 
nearly 0.5 cc. in the amount of o, 1 N iodine solution used. 

* Lac. cit. 

’ Jitenrlranath Rakshit, Analyst, 41, 246 (1916). 

* Kebler, Loc 01 
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When the present paper was nearly completed, a short note by A. J. 
Field 1 was found. He states that Collischonn's method is unsatisfactory, 
but quotes no experimental evidence, and his failure to obtain concordant 
results is probably due to non-observance of the precautions to be adopted, 
and more possibly due to adding varying amounts of add for the back 
titration. He states, however, that "if after the addition of the iodine 
solution, the mixture is shaken for 5 minutes, a low result is obtained, 
while shaking for 20 minutes gives a higher result, the percentage varying 
with the length of time of agitation." This is quite contrary to the ex¬ 
periments recorded above, but two additional experiments were never¬ 
theless run to test the point. An acetone solution was titrated, the iodine 
solution being added to the acetone caustic soda solution, without shaking, 
and the stoppered bottle was then shaken vigorously while standing, for 
5 minutes, and for 20 minutes, respectively. The net amounts of iodine 
used were identical—22.26 and 22.26 cc. The theoretical amount of iodine 
used when carrying out the titration under the conditions specified in this 
paper, that is, running in the iodine solution with continual agitation, was 
22.26 cc. 

Summary. 

(1) It has been shown that Messinger’s method for the analysis of ace¬ 
tone gives accurate and concordant results under proper conditions. 

(2) The influence of standing, method of adding the iodine solution and 
shaking, effects of excess acid, and dilution have been studied and found 
not to influence the results under proper conditions. 

(3) Methyl alcohol and ethyl alcohol both use up a certain amount of 
iodine solution. 

Xmoiro*. Oktaxio. 


[Contribution psom tub Minnesota Agricultural Experiment Station. ] 

A SIMPLE HYDROGEN ELECTRODE.* 

By C, H. Bailey. 

SteotGcU September 2 S . 191 V 

The considerable number of hydrogen electrodes that have been de¬ 
scribed in the literature suggests either that these devices have not been 
wholly perfected, or that electrodes suited to one purpose may not be 
adapted to other uses. Moreover, several of the forms that have been 
proposed are expensive; most of them are somewhat complicated and 
fragile and their construction presents an impossible undertaking for the 
average amateur glass blower. 

Thislaboratory has had occasion to make a large number of hydrogea- 
1 J, Ind JSng. Che * 10, SJ* 

* Published with die approval of the Director as Paper No. i8o, of the Journal 
Series of the Minnesota Agricultural Experiment Station. 
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ion determinations, especially of the water extracts of plant material. 
Several types of electrodes have been tried, and most of them laid aside 
as being unsuited to this purpose. In the first place, certain of our prepara¬ 
tions were so low in electrical conductance as to diminish the sensitivity 
erf the potentiometer set-up. This was due to the considerable dis t a n ce 
in most types of electrodes between the platinized electrode and the point 
of contact with the saturated potassium chloride solution as well as to 
the manner of making this contact. Again, as stated by McClendon and 
Sharp, 1 the platinized electrodes should be wholly immersed in the ex¬ 
tract, and with certain electrodes this could be accomplished only by 
tipping them at an awkward angle, making even more difficult the contact 
with the potassium chloride solution. It appeared desirable to develop, 
if possible, an electrode which would be simple in construction and opera¬ 
tion, have a short interval between platinized electrode and contact with 
the potassium chloride solution, and permit of complete immersion of the 
platinized electrode. 

After several trials an electrode was constructed which appeared to 
meet all these requirements. As shown in Fig. i, it is made by blowing 

a small bulb in the dosed end of a 7 mm. 
tube, which is then bent at the angle 
shown, about 50 mm. below the top of 
the bulb, and fitted at the open end with 
a solid glass stopper. Spare stoppers of 
about this size can be found in most 
well-established laboratories. Those 
which taper considerably are preferable. 
A gas-carbon mold is made which is 
slightly smaller than the stopper, and 
the glass at the open end of the tube is 
softened and flowed about the mold until 
it has approximately the correct internal 
Fig. 1.— Cross-section of a simple by- dimensions. The stopper is then ground 
drogen electrode into its seat by the use of a mixture of 

carborundum powder (150 mesh), turpentine and camphor. 

The metal electrode is made by cutting a round piece of thin gold plate 
5 mm. in diameter. 3 uch gold plate is obtainable from dental labora¬ 
tories and is preferable to platinum foil since the time for saturation with 
hydrogen ions is comparatively short. To this is soldered with gold a 
piece of No. 30 (0.010 in.) platinum wire about 15 mm. long. This can 
be done by carefully heating the middle of the wire in a small flame, and 
melting on one end a small bit of toe pure gold foil previously cut in a 
strip and bait about the end of the wire. This gold is then heated Just to 
1 J. Biol. Chem ., 38, 334 (1919)- 
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* molten state, the round bit of foil placed wider it, and the two pounded 
together by tapping with a light hammer. The gold used as solder, and 
the portion of the wire nearest the foil, are then beaten thin. 

The opening in the tube through which the wire lead from the elec¬ 
trode passes is then prepared. This is most conveniently done by heating 
a piece of No. i8 platinum wire about 2 cm. from the end, and holding 
it against the tube. The hot wire can be gradually forced through the glass 
wall, leaving a small, smooth opening. It is not difficult to then maneuver 
the wire lead of the metallic electrode through the hole thus prepared. 
Low melting-point or soft glass can be flowed in around the wire, com¬ 
pleting the mechanical part of the job. 

No, 25 (0.018 in.) platinum wire can be used for the lead and external 
contact, if it is plated with gold and beaten thin near the foil. The elec¬ 
trode is drawn well into the glass at the time the soft glass is fused in around 
the wire. In this way there are no heavy platinum parts exposed wi thin 
the tube, and consequently no delay due to the slowness with which such 
parts are saturated with 
hydrogen ions. The 
heavier platinum wire 
which passes out through 
the glass wall is more 

substantial than fine -C^-Pt.Wh-. 

wire and less apt to break 3—Detail of metallic electrode and connections, 

off close to the glass. 

A convenient way of reinforcing the platinum lead wire outside the tube 
is shown in detail in Fig. 2. The wire is bent forward for a short distance, 
then curved in a loop, and finally bent back close to the glass. The lower 
part of the loop and loose end of the wire are surrounded with a small 
lump of sealing wax, which must adhere tightly to the glass tube. Metallic 
connection to the potentiometer can easily be effected by catching a small 
hook at the end of a coiled copper wire to the open end of the platinum 
loop just without the sealing wax. Electrodes thus prepared have ap¬ 
peared more rugged than those in which the free end of the wire has not 
been secured. If the wire breaks in will generally be at the outer sur¬ 
face of the sealing wax, and by paring the latter, contact may be estab¬ 
lished with the free end of the wire previously embedded in the wax,- and the 
electrode thus used for a considerable time. 



The gold foil is platinized in the customary way, and the electrode is 
used in the following manner. Sufficient of the liquid under examination 
is placed in the open arm to completely fill it. The tube is then tilted 
so that the liquid flows into the bulb end, displacing the air. This is 
repeated until the bulb arm is completely filled, and the open arm to a 
depth of about 10 mm. above the top of the bend. A slender glass tube 
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leading from the hydrogen generator or tank is then placed in the open arm 
so its lower end about reaches the lower part of the bend, and hydrogen is 
gently bubbled into the bulb, displacing the liquid, which rises in the open 
aim. Sufficient hydrogen is admitted to fill the closed arm. If the open 
arm is not level full of the liquid, it is completely filled, and the stopper 
carefully seated in such a manner as to permit the excess liquid to be 
forced out as it is inserted. All air is thus excluded from the tube. It 
is vigorously shaken for two minutes and then tilted so enough liquid 
flows into the closed arm to just cover the foil. The stopper is removed, 
and by a series of quick flips part of the liquid in the open arm is thrown 
out. The outer surfaces of the tube are then rinsed with distilled water 
and dried. 

To complete the circuit the platinum wire loop is connected to the po¬ 
tentiometer as previously described, while a slender siphon tube filled with 
saturated potassium chloride solution is dipped into the open arm. This 
siphon is made by drawing out one end of a 3 mm. (i. d.) glass tube to a 
slender tip about 10 cm. long. The tube is bent to a V shape just above 
the tip, and the large end cut off to a length of about 6 cm. The completed 
siphon is filled with saturated potassium chloride solution, and finally 
several fragments of filter paper, previously soaked in potassium chloride 
solution, are forced into the fine tip by means of a needle. This filter 
paper prevents the potassium chloride solution from actually siphoning 
over to an appreciable extent while the readings are bring taken. The 
tip can be brought very close to the platinized foil, thus reducing the elec¬ 
trical resistance of the cell. The other end dips into a vessel filled with 
saturated potassium chloride solution, which in turn is connected to the 
calomel electrode. This scheme is adapted from the suggestions made 
by Van Slyke and Baker. 1 

Hydrogen electrodes made and used as described have proven very use¬ 
ful in determining the hydrogen-ion concentration of water extracts of 
foods, such as wheat flour. It comes to equilibrium promptly, and is 
easy to fill and clean. About 10 cc. of the extract is sufficient to rinse and 
fill the cell, and even less may be made to serve if care is taken. When 
used with the potentiometer in this laboratory the complete set-up is sensi¬ 
tive to o 25 millivolt. 

The writer’s obligations to I)r. R. A. Gortner for his sendees in construe- 
ing several of these useful electrodes are gratefully acknowledged. 

St, Paul, Mdvnssota, 

1 L. L. Van Slyke and J. C. Baker, N. Y (Geneva) Sta. Technical Bull 6$ (1918). 
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THE COMPRESSIBILITY OF INDIUM. 

By Theodore W. Richards and Jitsusaboro Samesbima. 

Received September 25, 1919 . 

In a paper 1 collating recent values of the compressibilities of the ele¬ 
ments, the periodic nature of compressibility was emphasized, especially 
in relation to the similar periodicity of other properties. In this connec¬ 
tion, the values of these constants for indium and gallium are particularly 
interesting because of the low melting points of these substances. The 
compressibility of gallium has already been determined;* that of indium 
is recorded in the present paper. 

The sample of metal used in the following determinations had been ■ 
carefully purified, having been recovered by suitable electrolytic means 
from the amalgams used in an earlier electrochemical research.* It was 
cast in the shape of a cylindrical bar by slowly doling liquid indium in an 
appropriate glass tube which had been coated with an exceedingly thin 
film of soft paraffin to prevent the adhesion of the metal to the glass. 
After cooling, the tube was broken and the ingot was removed, freed from 
traces of oxide and imperfections in casting at the upper end by cutting 
with a clean knife, and thoroughly cleansed from paraffin. The metallic 
rod thus obtained was 4 5 cm. long and 0.51 cm. in diameter and weighed 
about 6.7 g. The density of this bar was measured, in order to be sure 
that it contained no air cavities, by weighing first in air and then in water, 
suspended by a very thin wire, for which due allowance was made in the 
calculation. Two determinations gave the following results at room tem¬ 
perature: 

Weight oi indium.609*8 6.6903 

Volume of indium. o 9145 o 915a 

Density of indium (20°). 7 318 7-310 

A previous determination of this material {less carefully cast) gave the 
value 7.277.* 

The method employed for the determination of the compressibility 
was in principle the same as that employed in mist of the earlier work 
published from this laboratory. It has been often described, but a brief 
recapitulation is needful, in order that important improvements adopted 
in the present instance may be understood. A glass piezometer contain¬ 
ing mercury is provided with a finely pointed platinum wire to make exact 
electrical contact with the meniscus forming the outer surface of the mer¬ 
cury in a tube of 1.5 mm. diameter. Successive weighed portions of mcr- 
1 T. W. Richards, This Journal, 37, 1643 (1913). 

• Richard* and Boyer, Ibid., 41, 133 (1919). 

1 Richards and Wilson, CttmtgU Inti, Publications. 118 (1909). 

T. W. Richards, Ibid., 118, 13 (1909). 
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cury added to the mass demand, of course, successively higher and higher 
pressures to force the mercury down to the exact contact-point. 

Thus a curve, giving the relation of added weights of mercury to added 
pressure, is easily established. This having been done, the substance t» 
be studied is immersed in the mercury, displacing some of that liquid, 
and a new similar curve is established. From these two curves the differ¬ 


ence between the compressibility of the substance and that of mercury 
& is readily computed. The compressibility of mercury being 
known, the datum sought becomes known likewise. 

I In the present case, since indium amalgamates vary 
readily, the solid metal cannot be plunged directly into the 
liquid one, but must be protected by an inert liquid (e. g., 
water) which complicates the situation because of its far 
/ % greater compressibility. The complication was largely neu- 

\ / tralized with the help of an innovation introduced in the 

■ ■ present case. By placing as nearly as possible the same 

I a amount of water in the piezometer during the initial mea- 

surements with mercury alone as is used afterwards to pro- 

I tect the indium, the final data were made practically inde¬ 
pendent of the compressibility of water, only a very small 
correction for a slight surplus or deficiency of this sub¬ 
stance being required. Even tins small correction was nec¬ 
essary merely because of the difficulty of making the 

I quantities of water exactly identical. Practically, the indium 
amply displaced its volume of mercury, without coming 
into contact with it. 

The consistent use of water had another even more im¬ 
portant advantage; it made possible the employment of a 
much smaller piezometer, which (considering the very small 
I quantity of indium at our disposal) greatly reduced the 
I possible errors due to pressure-hysteresis in the glass, and to 
J I imperfections in the stopper of the piezometer. The glass 
nj vessel was made to fit closely the little bar of indium. The 
111 stopper, being only 0.55 cm. in diameter instead of over 
£ || twl< * 35 could lie fitted with great nicety. The in- 

% II strument is shown in its actual dimensions, in the diagram. 

LJ II Such a small piezometer cannot be used with mercury 

II II alone since the compression of this quantity of the metal 

II dlM. j at 5 00 atmospheres is not enough to free the platinum 
II If point and obtain a satisfactory “make-and-break” contact. 

II II ^ ll h a grain of water present the little instrument func- 

tioiied admirably; the pressure of the "make" was only 
V» atmosphere less than that at the “break," and was doubt- 
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less much nearer than this (probably within o. 1 atmosphere) to the true 
value. 

Fear small amounts of material, this device is perhaps even better than 
the elaborate steel piezometer 1 used in other recent work. The latter, 
to be sure, overcomes entirely the possible error due to hysteresis, but 
is no less subject to difficulties as regards the stopper than the glass piezom¬ 
eters, and can hardly be constructed on a diminutive scale commen¬ 
surate with the small quantity of available indium. 

The pressure gage was an absolute one,’ of which the perfectly cylin¬ 
drical plunger was found by careful measurement to possess a diameter 
of 0.25045 in., corresponding to an area of cross section of 0.31784 sq. 
cm. Thus, for example, a total weight on the piston of 166.820 kg. indi¬ 
cated a pressure of 514.7 megabars. 5 

The initial pressure used in the calculation was as usual 100 megabars— 
which is high enough to deprive possible minute air bubbles of most of 
their deleterious effect; and the final pressure was 500 tnegabars. In 
order to find the exact amount of added mercury needed between these 
limits, each curve showing the relation of pressure to weight of mercury 
was plotted on a large scale. The exact delineation of the curve near its 
extremities—usually a somewhat uncertain matter—was accomplished 
by a convenient device which may be of use in other cases. 

A long, straight, flexible, uniform, rubber spline was bent, by means of 
forces applied at the extreme ends, so as to fit all the points. The curve be¬ 
ing different in curvature at the two ends, the needful forces were of course 
different. Thus tendencies producing curvature, which cannot be very 
different from those causing the known part of the curve, were carried out 
beyond the extreme known points. The spline was light in weight, and with 
care was guarded against any considerable deforming effect of fric¬ 
tion on the coordinate paper. The method was satisfactorily tested with 
known almost linear curves of the type at present concerned; with curves 
much more strongly bent it still yields fairly good results ; 5 and for inter¬ 
polated points near the ends of the curve it appears to be the best graphic 
method. Even when the two ends of the curve are quite different in 
curvature, the method senes well, provided, of course, that at least 4 
points are known. With cunts of a definite type, like these, 3 points 
serve sufficiently well if the extrapolation is moderate in extentand the 
relative forces needed for the ends are known empirically. The idea of 
exerting different bending forces on the two ends is essentially similar to 

1 Richards and Bartlett, This Journal, J7, 470 (1915). 

* Richards and Shipley, Ibid., 38, 9S9 (i9«6). 

♦A mega bar is the pressure of a megadyne per sq. cm. or 0.987 "atmosphere.” 

* For example, the logarithms of j.joo, 4.000, 3 .$00 and 4,000 were plotted ia 
relation to the numbers. Extrapolation by this method gave the value 0.611 as the 
logarithm of 4.1 instead of the true value, 0.613. 
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that of the excellent curve-ruler of Lord Berkeley; 1 but he did not empha¬ 
size the usefulness of the device for extrapolation Possibly others have 
done so, but we have not found reference to this point. 

The readings on the coordinate paper were verified by calculation 
based upon the slopes of tangents to the curves at appropriate points mid¬ 
way in the stretches to be spanned. 

The compressibility of indium was computed as follows: 
let te “ weight of added mercury needed for the range 100-500 megabars when indium, 
water and mercury were all present 

w' = weight of added mercury for the same range when only water and mercury 
were present 

to, — difference in weights of water present under these two circumstances 
W =* weight of indium 
D — density of indium. 

0.3069 = constant increase in the weight of added mercury over this range, due to 
the substitution of 1 000 g of water for its volume of mercury 
3435 ■» 400 times the density of mercury at 25” undtr 500 mega bars pressure 
0 »* the compressibility of mdram 

0 ’ « 00000400, •= the compressibility of mcreurv at 25 0 between 100 and 500 
megabars * 

Then 


0 


(w — 1 d’ — K-ur,)D 


+ 0 ' 


5425 x W' 

Taking for example the first pair of measurements below (Expts 

(o 1973 — o 2082 — |-o 207 X o 0216]) 7 ji 

“ —•—-f- 000000400 

5425 X 6 693 


■ and 2} 

■» o 00000270 


There follow all the necessary data, and the corresponding results are 
recorded in the last column. 

Thus the compressibility of indium at 25 0 is seen to lie o <3000027, or 
about */» of that of mercury. 

The experimental work may be verified by comparing the trials in which 
no indium was present, and among which therefore the differences should 
be due solely to the varying amounts of water. This comparison is reason¬ 
ably satisfactory'. The respective weights of water present in Expts. 
t, 3> 5> 7 were o 9463, o 9309, o 9235 and 1 0025, that is to say, the ex¬ 
cesses of water above that in Expt. 5 (which contained least) were, re¬ 
spectively, o 0228, 0.0074, 0 0000 and o 0890. Multiplying each of these 
figures by the quantity 0.207 (the necessary amount of added mercury 
for one gram of water) and subtracting the products from the amounts of 


1 Lord Berkeley, Phil. Hat-, 24, 664 (1912), 

* Bridgman has shown that the diminutions of volume of mercury caused by 1000 
kg./cm*. pressure at o° and 22 0 are, respectively, 0.374 and 0391% (Proc. Am. Acad., 
47i 380 (1911)). Hence the compressibility of mercury changes nearly 0.2% of its 
value per degree centigrade. Taking the compressibility of mercury at 30* over the 
range 100-500 megabars as 0.00000396 (Richards and Bartlett, This Journal, 37, 
477 (1915)). its value at 35° most then be 0.00000400. 
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mercury actually added in the 4 cases, we obtain the figures o. 2055, o. 2043, 
o. 2048 and o. 2028. The departure of these figures from the mean o. 2039 
indicates the actual error of experimentation. It is seen, then, that one 
can fairly count on the errors not exceeding one mg. of mercury in any 
given case, corresponding to a volume of less than o.ooot ce. 


No, of 

e*pt 

Wl. 

H,0 

0. 

Wt. 

Indium 

c; 


Surrowive 
total* 
of added 
mercury 
Mft. 

Successive 

pressure*. 

Megabit™ 

(wora'.) 

Wt of added 
fi* from 100 to 
500 megabar*3 

G 

Mea« 
com pres w- 
butty 
of indium 

X > 0 *. 




/ 

i 

O 

60.0 






j 

ag.8 

* 13-9 


5 

\ 

I . . 

O.9463 

0 


76.2 

119.6 

0.2083 

i 

{ 




j 

127.3 

296.3 


1 

^2.70 

J 




V 

230.0 

499.2 





( 

0 

111.5 


! 

1 

2 . 

.. 0.9147 

6.693 


96 8 

306.3 

O 1973 





1 

198.1 

5 * 4-7 


j 




t 

0 

TOJ .6 
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Total average mean compressibility of indium. 2 .69 

The actual error of any given pair of trials was doubtless even less than 
this, since especial care was taken to have each determination in a pair 
made under precisely similar conditions. 

We are glad to express our indebtedness to the Carnegie Institution 
of Washington for financial assistance in this research. 

Summary. 

tA modification of the usual piezometer was employed which allowed 
of accurate determination with very small amounts of solid material. 

2. A convenient graphic method of extrapolating {for short distances) 
certain types of curves was employed. 
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3. The compressibility of indium at 25 0 over the range 100-500 megabars 
was found to be 0.0000027, or about */» that of mercury. 

Cunraa, Mam 


(Contribution from the Research Laboratory op Physical Chemistry op the 
Massac h u s etts Institute op Technology. No. 117.) 

ON THE ESTABLISHING OF THE ABSOLUTE TEMPERATURE 

SCALE. 

By Frederick G. Keyes. 

Received September 29, 1919 

A new equation of state was published 1 by the author, in 1917, based 
on an attempt to use the atom essentially as conceived by Bohr. The 
simplest form of the equation is that which would be valid for a system 
of one type of molecules, which is to say, substantially completely unas- 
sociated. The equation is as follows where f is the pressure, v the volume 
and T the temperature on the absolute scale, 

= -EL — A 

P v — 6 (t> — 0 1 ‘ 

In this equation i is a function of the volume for polyatomic molecules 
and a constant for monatomic gases. Since, however, 6 is equal to 
where /S and a are constants, the term 6 reduces to jS at large volumes. 

In the paper referred to above the fundamental difference in the con¬ 
stant { corresponding to van der Waals' (b) constant was predicted for a 
monatomic system as compared to a diatomic system of molecules. Argon 
and atmospheric nitrogen were chosen as examples, to test the prediction 
derived from the physical basis used to obtain the equation, the data for 
the former gas being due to Onnes. For the latter gas, data due to Amagat 
was employed. The constant 5 was found to be constant in the case of 
argon and a function of the volume for atmospheric nitrogen. The agree¬ 
ment of the calculated pressures with the pressures recorded by Amagat 
for atmospheric nitrogen at temperatures from o° to 200 0 is so close even 
up to 1000 atm. that it is interesting to investigate what comes out of 
the application of the atmospheric nitrogen equation to the problem of 
establishing the absolute temperature scale. 

The usual mode of computing the corrections which a gas temperature 
scale requires has involved the use of Joule-Thomson data for the par¬ 
ticular gas used. &. Buckingham reviewing the available data in 1907 
completed an investigation which leaves nothing to be desired as regards 
completeness and skill. Recently more precise data has been supplied by 
L. G. Boston, but the temperature range has not yet been extended suffi¬ 
ciently to affect materially the conclusions readied by Buckingham. 

* Free. Not. Acad. So., 3, 333 (1917). 
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Corrections for the different gas thermometers as well as the position 
of the ice point on the absolute scale have also been computed by Berthe- 
lot by means of an empirical relation involving the critical constants 
used to modify the equation of van der Waals. The results arrived at 
are not in general very different from the conclusions reached by Buck¬ 
ingham in his investigation. 

Taels l. 

Atmospheric Nitrogen Equation of State* 

Pressures in Atmospheres of 760 mm. Volumes in cc. per g. 


v. 

1 - 0* 

16 . 03 *. 

99 . 43 *. 

199 . 5 *. 

5 334 

149.8 

161 .8 

225.4 

299.7 Computed pressure by equation 


ISO.O 

162 .O 

22J .O 

299.0 Observed pressure by Amagat 

4 . ISO 

199-8 

217 .2 

306.6 

414 0 Computed pressure by equation 


200.0 

217 .O 

307.0 

414 0 Observed pressure by Amagat 

3 4<> 

250 4 

273-1 

390 3 

531.3 Computed pressure by equation 


250.0 

273.0 

392.0 

530.0 Observed pressure by Amagat 

3024 

299.7 

327 6 

472-4 

646 .4 Computed pressure by equation 


300.0 

328.0 

474 0 

644 0 Observed pressure by Amagat 

2 729 

347-7 

381.1 

552 9 

759.5 Computed pressure by equation 


350.0 

383 0 

556 0 

758.0 Observed pressure by Amagat 

2 .511 

396.0 

434 4 

632 .8 

870 8 Computed pressure by equation 


400 0 

439 0 

637 0 

869.0 Observed pressure by Amagat 


“ The volume of one gram at one atm. as determined by experiment is 795.62 
cc. This volume substituted in the equation of state gives 1.0004 atm. instead of r.0000 
atm. 

29138 15872 

v p ~a - / - - - 

V — b (P — O.OO 7) 1 

o. 284 -°— 

logit i » 0.3200-- ■ or 5 “ 1.65 t « . 

Apparent mol. atmospheric nitrogen assumed 28,163 
1.66% argon by weight 
98 .34% nitrogen by weight 

The constants of the equation used for atmospheric nitrogen were, 
as has been stated, taken from the data of Amagat between about 150 
atm. and 1000 atm. at o° to 200 °. The differences between the computed 
and observed pressures, first and second horizontal rows, respectively. 
Table I, it will be observed nowhere exceed the probable error of measure¬ 
ment. It is evident that the mathematical form of the equation for this 
gaseous system is such that at constant volume the pressure is a linear 
function of the temperature. 

Hie data for all the gases for which Amagat gives data may in fact be ac¬ 
curately represented by the same mathematical form of equation and since 
at t$K$e comparatively high pressures the isometrics appear to be linear 
with so great a degree of approximation, at the low pressures employed in 
gas thermometry the exactness of the linear increase of pressure with tern- 
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perature must be very great. It follows from this, that the constant vol¬ 
ume gas thermometer reads directly on the absolute temperature scale 
and therefore requires no correction. This was the conclusion reached by 
Regnault from a comparison of constant volume thermometers filled with 
different gases and employed at different initial or ice-point pressures. 
The doubt regarding the matter appears to rest largely upon certain 
measurements of the mean constant volume expansion coefficients at in¬ 
tervals between o° and ioo° determined by Chappuis. These coefficients 
showed a variation greater than the assumed errors of observation, but 
I have always been puzzled to understand how Chappuis picked off any 
desired interval with sufficient exactness between the freezing and boiling 
points of water. - It was actually done by means of mercury thermom¬ 
eters, but a very minute error in locating the absolute temperature within 
the interval o° to ioo° would easily account for the variation of the co¬ 
efficients found. The most exact method of deciding whether any given 
constant volume gas thermometer requires correction to reduce its read¬ 
ings to the absolute scale would certainly appear to resolve itself into 
determining whether the isometrics at high pressures are linear functions 
of the temperature or not. 

Of course this procedure, it may be objected, assumes that a constant 
volume of gas can be carried from one point on the absolute scale to suc¬ 
cessive temperatures also on the absolute scale. The consideration, 
however, to be emphasized is, that if pressures from too to 1000 atm. 
for constant volumes of gas increase in a substantially linear manner 
with temperature as given by the low pressure constant volume gas ther¬ 
mometer; then at the low pressures always employed in constant volume 
gas thermometry the straight line isometrics must be sufficiently exact 
to warrant the assumption that the thermometer readings really lie on 
the absolute scale. 

Besides atmospheric nitrogen, air, oxygen, hydrogen and helium iso¬ 
metrics appear to show so exactly a linear increase of pressure with tem¬ 
perature increase at high pressure that the further consequences of as¬ 
suming that the indications of the constant volume gas thermometer 
readings employing the latter gases also lie on the absolute scale is per¬ 
haps wrath presenting.' 

1 In considering the data given by the various investigators who have occupied 
themselves with gas thermometers, it is difficult to avoid the conclusion that adsorption 
of the gas on the thermometer walls may have had much to do with a great many of 
the discordant results presented in the literature. Ijumorfopoulos, for example, re¬ 
peatedly obtained too high a nitrogen expansion coefficient until he had heated the quartz 
thermometer bulb to a high temperature m vacuum several times. It is because of 
the adsorptive effect of gases in gas thermometry that metal thermometer bulbs offer 
a great advantage as compared with glass, porcelain or even quartz, 
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Table II. 

Constant Volume Gas Thermometer. 


Observer. 

Pa - 

Nitrogen. 

< «/t . 10», 0‘ to 100*. 
Nitrogen. 

7*. calculated. 

Chappuis 

J 28.8 

3 668tl Pt 

273-094 

Chappuis 

534 3 

3.66846 Pt 

273073 

Chappuis 

793-5 

3.67180 Pt 

273 OJ7 

Chappuis 

995 -9 

3.674G6 Pt 

273 Ol8 

Day and Clement 

3*4 0 

3 6650 Pt-Ir 

273.133 

Day and Clement 

550.0 

3 C680 Pt-Ir 

273.128 

Day and Clement 

744 0 

3.670 Pt-Ir 

273«47 

Day and Clement 

985 0 

3.673 Pt-Ir 

273 >39 

Holborn and Henning 

630.5 

3.6684 Quarts 

273-153 

Holborn and Henning 

3 

3 6705-59 m Glass 

273 .007 

Holbom and Henning 

621 3 

3 6702-59 1 ' 1 Glass 

273 .022 

Onncs and Bondin 

Hydrogen 

IlOO O 

3.6627 Glass 

273-148 

Chappuis 

IOOO O 

3 66256 Pt 

273 147 

Travers, Senter and Jaquerod 

700 O 

3.6626 Quartz 

393 HO 

Holbom and Henning 

62.3 O 

3 .6623~59 ,n Glass 

273.112 

Holborn and Henning 

Helium 
Ci 4.0 

3.66t8-59 111 Glass 

273 .H 3 


Constant Pressure Gas Thermometer. 


Chappuis 

100 0 

3 6722 Pt 

273.05 

Chappuis 

1387 0 

3 676 Pt 

273 oi 

Regnault 

760 0 

3 667 Glass 

273 05 

Euroorfopoulos 

395 0 

3 66;56 Quartz 

273130 

Eumorfopoulo® 

4>5 0 

3.66587 Quartz 

273.126 

Eumorfopoulos 

792 0 

3 67005 Quartz 

273 t 23 

Eumorfopoulos 

784 f. 

t 67019 Quartz 

273.106 

Eumorfopoulos 

757 0 

3 66991 Quartz 

273.106 

Eumorfopoulos 

Hydrogen 

Hydrogen 


Chappuis 

1000.0 

3 6600 

273.115 

Richards, Marks and Witkowski 

;6o.o 

3 6610 

273.067 


Assuming then that the readings of the constant, volume nitrogen ther¬ 
mometer lie on the absolute scale, the corrections which would follow 
from applying the equation of state given for atmospheric nitrogen to 
the constant pressure thermometer will be given and also the position 
of the ice point on the absolute temperature scale as computed by means 
of the equations for the several other gases, using for this purpose the 
mean constant volume and constant pressure o° to ioo° expansion co¬ 
efficients. 

The correction equation, details of which are to be given in a later 
more^complete paper, for the nitrogen constant pressure thermometer, 
is 

*• — t “ 5-74 X — 3.3*-* 

tl 4- et\ 
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1 * 

where the pressure is 1000 mm. and t„ the reading on the absolute scale, 
t that of the gas scale and « has a value of o. 00366. The mean coefficient 
equation for t a t for nitrogen between o° and ioo° is, where* = 1/273.135 *“ 
0.0036612 

«J «= t + t .098 X io -i p — 4.24 X io~ u p *, 
where the pressure is expressed in mm. 

The equation for *£> the coefficient 1 for the constant volume nitrogen ther¬ 
mometer, follows very simply from the nitrogen equation of state and 
is ej * 0.0036612 4 - 1.0207 X 10 - * p 0 . where p a is measured in mm 
Table II gives the ice point on the absolute scale as calculated for 
each of the kinds of expansion coefficient. The constant volume data of 
Day and Clement are by far the most reliable and give the mean value 
273.137. The work of Eumorfopoulos, wherein a quartz bulb was used, 
is quite reliable and gives the mean 273 118. If these two values are 
averaged with the Onnes hydrogen, and the Holbora and Henning hydro¬ 
gen and helium values, the mean comes out 273 126. The coefficients 
obtained by Day and Clement, however, for the measurement of which 
a platinum iridium bulb was employed whose coefficient of expansion 
was carefully investigated, would appear most reliable. The mean value 
*73 • 137 for the ice-point is therefore believed to be nearly correct. The 
number 273.14 may be accepted. The number decided upon by Buck¬ 
ingham was 273.13. 

Tabu* III. 

Sulfur Boiling Point. 

Constant volume thermometer. Constant pressure thermometer. 


1 

Nitrogen gas 


1 

Nilropeu gu* 


L 

Ab* cent 

Observer thermometer 

Observer 

thermometer. 

Correctwn 

temp 



Eumorfopoulos 

444-392 
pt - 395 

+0.197 

444-59 

Chappuis and 

444 70 

Eumorfopoulos 

444 356 

+0.208 

444-56 

Waikcr 

Coef. Exp. of Eumorfopoulos 

Pt “ 4*5 




porcelain un¬ 
certain 





Heichsanstatt, Wiebe 

444 50 

Eumorfopoulos 

444-1*5 

+0.378 

444 50 

k Botcher 



Pt “ 757 



Holborn 

444 55 

Eumorfopoulos 

444 I 4° 

+0,392 

444-53 

Extrap. Pt. Res. 



3 > 

8 

**8 

00 

* 



Holbora and Henning 

444-51 

Eumorfopoulos 

444-1*5 
pt m 891 

+0.396 

444-5* 

Mean, huts 

444-3* 

Eumorfopoulos 


Mean 

444 54 


The sulfur boiling-point temperature has not shown agreement as 
measured on the constant volume and constant pressure gas thermom- 
1 The superscript a in refers to the actual coefficient at constant pressure, de¬ 
noted by the subscript as distinguished from the ideal coefficient e. The «* refers 
sftnflartv to the expansion coeffici en t at constant volume of an actual gaa. 
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eters. The constant pressure thermometer work at this fixed point suffered 
from tire fact that a bulb of suitable material has only recently been em¬ 
ployed. In the paper by Eumorfopoulos* the sulfur point was measured 
at several different pressures by means of a quartz bulb Calkndar gas 
thermometer. With the corrections appropriate to the scale these various 
temperatures of boiling sulfur have been corrected by means of the cor¬ 
rection equation given above. The corrected values appear in Table 
III, together with the values of the sulfur boiling point obtained recently 
with the constant volume thermometer. A small table (Table IV) of 
the corrections computed from o° to iooo° is also given and values ob¬ 
tained by E. Buckingham through the Joule-Thompson numbers are 
listed for comparison. 

Tabus IV. 

Constant Pressure Nitrogen Thermometer. 

Corrections computed by the equation of state compared with those computed 


1 

1 

a 

p - 1000 mm. 



tl a — t } Computed 

- 0. 

T. 

equation at itate 

E Buckingham. 

ao 

—0.0113 

—0.0137 

40 

—O.OI&4 

—0.0203 

60 

—O.OI76 

—0.0x98 

80 

—0.0009 

—0.0129 

300 

+0.105 

+0.105 

444 

+0.500 

+0.502 

600 

+0.84 

+0.827 

800 

+ 1.28 

+ 1.262 

1000 

+ 1 .72 

+1.706 


Attention is called to the close agreement of the scale corrections ob¬ 
tained by such diverse methods. Of course if the linear increase of the 
pressure with temperature is as exact as it appears to be in the case of 
nitrogen and argon, hydrogen and helium at higher temperatures, for the 
low pressures employed in thermometry the constant volume thermom¬ 
eter would certainly need no correction. 

The sulfur boiling point mean corrected to the absolute scale as indi¬ 
cated is 444.54 for the constant pressure gas thermometer whereas the 
constant volume thermometer mean of the recent work is 444.5a. 

Caumido*, Mass. 

1 Proc. Roy . Soc. (London), 90k, >89 (1914). 
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[Contrebotion prom ms Bureau of Standards, U. S. Department of Commerce.] 

SOME CHARACTERISTICS OF THE GOUY THERMOREGU¬ 
LATOR. 

Br T. S. Such, Jr. 

Received October 2 , 1919 

Gouy 1 has described briefly a modification of the usual form of thermo- 
regulator which produced a considerable improvement in the temperature 
regulation of a ioo-liter water bath. Barnes’ also made favorable com¬ 
ment on this device as applied to his work on the heat capacity of water. 

While seeking means of overcoming some of the difficulties encoun¬ 
tered in the use of the thermo-regulator for precise work, the author in 
1918 arrived at the use of an oscillating contact as one solution. Later, 
reference to Gouy’s description of this device was found, but since no 
direct comparison was there drawn between the fixed and oscillating 
contact type of thermoregulator and no mathematical expression de¬ 
fining the operation of tlie Gouy modification had been published and 
since, furthermore, the device appears not to have received the attention 
and use which its excellence and simplicity warrants, it was thought that 
this discussion would be of general interest. 

The usual type of thermoregulator used in laboratories for precise 
regulation of temperatures consists of a bulb filled with an expansive 
liquid and connected to a glass U-tube which is partially filled with mer 
cury. The variation in position of the mercury meniscus is caused to 
vary the energy input to the bath by throttling the supply of gas to a 
burner, by changing the electrical energy supply to a heating coil, etc. 

Fig. 1 shows the U-tube and electrical connections arranged for elec¬ 
trical control of temperatures. In the usual form of regulator the plati¬ 
num wire A is fixed in position. A rise in temperature of the regulator 
bulb causes the meniscus B to make contact with A whereupon current 
flows through the relay circuits opening a contact at D, thus introducing 
an additional resistance R> in the heating circuit, or opening this circuit 
entirely. 

Gouy’s modification consists in imparting to the platinum wire A an 
oscillating motion of 20 seconds period along the axis of the tube. His 
arrangement of electrical circuits was such that the entire heating cur¬ 
rent was interrupted when separations between the points A — B oc¬ 
curred. In tliis manner energy was periodically supplied to the bath 
during that part of the cycle of motion of the platinum wire during which 
A and B were not in contact An increase in the temperature of the 
thermoregulator bulb results in a rising nf the meniscus B which causes ft 
decrease in the length of time during which energy is periodically fUpplkd 
1 J Phynque. 6, 47Q ,'i8g 7 ) 

1 Phi. Trans Roy. So ?, 199, jo8 Uani) 
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to the bath, thus tending to stabilize the bath temperature. Gouy re¬ 
ports that the use of this device greatly reduced the errors due to the com¬ 
pressibility of the thermostatic fluid and to the distortion of the mercury 
meniscus as it moved up or down. He also states that regulation to 
within 0.0002 0 as measured by an extremely sensitive alcohol thermom¬ 
eter was maintained over periods of some hours and that the oscillation of 
mean bath temperature produced by the variations in heating was im¬ 
perceptible. 

Fig. 1 shows the oscillating device used by the author of this paper. 
A platinum wire A fitted to a guide plug E which fits the capillary tube 
loosely is given a periodic oscillating motion along the axis of the capillary 
tube by means of the cam and spring mechanism shown. The range of 
this motion may be conveniently o i cm. and the period of the jnotion 



Ft*. 1. 

one second. This period may be varied over a wide range without af¬ 
fecting the regulation perceptibly; the lower Unfit being set by the dis 
turbartce of the mercury surface at extremely short periods and the uppo 
limit by the time kg of the tbemoreguktor with respect to the heater 
This time kg mny be defined as the number of m.'otuh «•>•«*>• “**— 1 
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between the time when a certain quantity of heat, q, has been generated 
in the heater; the rate of heating being constant and continuous; and the 
time when the mercury meniscus of the thermoregulator has assumed a 
position corresponding to this quantity of heat. 

The extent to which periodic variations of bath temperature due to 
operation of the regulator are reduced may best be illustrated by an 
experimental comparison between the usual or fixed contact type of thermo- 
regulator and the Gouy modification or oscillating contact type, since this 
is not a matter which lends itself readily to analytical treatment. 

The thermoregulator as illustrated in Fig. 1 was used as a fixed contact 
type to regulate the temperature of a water bath. By means of a very 
dose adjustment of the external resistances, it was found possible to ob¬ 
tain a regulation where the up and down variation of bath temperature 
produced by the "on” and "off" action of the regulator was about o ooi- 
o 002 of a degree centigrade. This adjustment was not, however, prac¬ 
tical since very slight changes in external conditions would cause the regu¬ 
lator to lose control. A practical adjustment, i e., one which would main¬ 
tain control over a period of several hours under average laboratory condi¬ 
tions, was found to give a periodic variation of about o 005 °. The plati¬ 
num wire was then given a redprocating motion along the axis of the 
capillary with a periodicity of one second and it was found that the varia¬ 
tion of bath temperature with operation of the regulator as indicated by 
a calorimetric platinum resistance thermometer was less than 0.0001 °, 
even when the adjustment of the external resistances was such as would 
give a variation of approximatdy o 01 0 with fixed contact. The above 
mentioned resistance thermometer was used with a galvanometer having 
a period of about 5 seconds. It is, therefore, probable that short period 
fluctuations of temperature considerably larger than the amount indicated 
(o 0001 °) actually occurred. However, temperature fluctuations which 
are of too small period and amplitude to affect a calorimetric resistance 
thermometer would probably have a negligible effect in any but the most 
extreme cases The periodicity of the motion was varied between 0.3 
second and 3 seconds without observable effect upon the regulation. 
The time lag of the bath used was about 10 seconds. It is not to be 
understood that the operation of the regulation with fixed contact was 
the best obtainable with this type of regulator. In fact the mercury sur¬ 
face was known to be in bad condition, however, since the change to the 
oscillating contact was the only variation introduced, the comparison 
may be considered typical. 

An analytical consideration of the operation of the two types <rf regula¬ 
tors (see appendix) results in the following characteristic equations. 
Symbols have the meanings indicated in appendix. 
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For fixed contact thennoregulator, the periodic change in tempera' 
turn as the regulator operates is 


tW 

AA = Y? + M'. 


co* 


The changes in mean bath temperature, Aff m , produced by changes in 
thermal head, A<fr, and by changes in maximum electrical input controlled 
by regulator, AW', is 

A0„ =* t/sM. AH' -i- IK M>- ( 1 ) 

The corresponding formulas for the oscillating contact regulator are: 
For changes in mean bath temperature, due to changes in thermal 
head, and changes in average electrical distribution along the path 
of the moving contact AH-’, 


3/A A/A A<#> 

«=- AVI-• 

OtW,W* «»! 


( 5 ) 


The expression for the variation in bath temperature as the regulator 
operates is not derived but experiment shows this variation to be small. 
Hie numerical calculations in the appendix indicate the advantages in 
regulation which may be gained by the use of an oscillating contact regu¬ 
lator. The principal advantages of this type of regulator over the fixed 
contact are: 

1. A large range of available energy input and consequently a large 
range of regulation may be obtained without a sacrifice of closeness of 
regulation. 

2. A bath temperature is obtained in which the periodic variations 
about the mean due to operation of the regulator are very greatly re¬ 
duced. 

3. The variation introduced by variations in the mercury surface due 
to soiling, sticking, etc., are largely eliminated. 

It is clear that Uie advantages to be secured by the use of the oscilla¬ 
ting contact type of regulator are due to the fact that the time at which a 
given movement of the meniscus may affect the energy input is rendered 
independent of the physical constants of the bath and dependent only 
upon the periodicity of the oscillating element of the regulator, and to 
the provision of a means for applying successive corrections at short time 
intervals to the value of the energy input instead of corrections at such 
longer time intervals as will permit of wider excursions of bath tempera¬ 
ture above and below its mean value. 

The conditions to be fulfilled for successful operation of an oscillating 
contact thermoregulator are: 

1. The periodicity of the oscillation should be small in comparison 
1 Equation number* are taken from the order fa which they appear in the ap¬ 
pendix. 
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with the lag of the bath, say '/»of this value, but not so small as to pro¬ 
duce sustained waves on the mercury surface. There seems to be no ad¬ 
vantage in reducing the period beyond that necessary' to damp the periodic 
Auctions in bath temperature sufficiently to render their effects imper¬ 
ceptible. 

2. The length of path of the oscillating element should be large in 
comparison with the movement required to make or break contact with 
the mercury' surface, one mm. seems to be sufficient in most cases. 

3. The energy distribution along the path of the oscillating element 
should be large in order that great range and dose regulation may be se¬ 
cured under a wide range of external conditions. The upper limit to 
this energy distribution is fixed by- the fact that the smallest amount of 
energy which may be supplied during a single cycle should not exceed 
that which is required during that eyde. Violation of this condition 
would result in a motion of the meniscus beyond the limits of the stroke 
of the oscillating element. An upper limit to the energy' distribution 
lower than that indicated above may be imposed by the current carrying 
capadty of the relay contacts, etc. 

It will be seen that the method of energy control exemplified in the 
oscillating contact thermoregulator can be applied readily to a wide 
variety of forms of manual or automatic control of various physical 
quantities. 

Summary. 

The paper describes a modification of the usual type of thcimoregulator 
in which the fixed contact element is replaced by an oscillating contact 
element and shows that such a regulator will reduce the periodic varia¬ 
tion of the bath temperature and the erratic variations due to variations 
of the mercury' surface to a fraction of the values to be obtained with the 
usual fonn of thermoregulator. A periodic variation in bath tempera¬ 
ture of less titan o 0001 0 as indicated by a temperature indicator having 
a natural period of about five seconds is easily obtained. 

In addition, by use of au oscillating contact regulator, variations of 
mean bath temperature due to variations in external conditions are re¬ 
duced below the i alues usually obtained. 

Characteristic equations are derived for both the fixed and oscillating 
contact type of thermoregulator and these equations together with ex¬ 
perimental evidence have tteen used to draw a comparison between the 
two types of regulatoi. 


Appendix. 

The effects of variations in external conditions upon the temperature 
of the bath will be considered, it being understood that in this discussion 
temperature of bath" means specifically the temperature of that por¬ 
tion of the bath Which is in immediate contact with the Hwmnmmlotnr 
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'The relation between the temperature of this portion of the bath and 
the temperature of the bath as a whole is of course dependent upon the 
degree of mixing of the bath fluid, the relative positions of the heater and 
the thermoregulator and the degree of thermal contact between the bath, 
heater, thermoregulator and cooling surfaces. It is also assumed that 
the lag of the bath as a whole with respect to the heater is less than the 
lag of the thermoregulator with respect to the heater. If this were not 
the case, t. e., if the thermoregulator were very closely coupled thermally 
with the heater, the effective heat capacity of the bath defining the opera¬ 
tion of the thermoregulator would be less than the real heat capacity of the 
bath. Effects of exposed stem volume are neglected. 

Fixed contact regulator. 

Let K *• coding constant of bath, deg /src deg. 

4 “ the portion of the thermal head of the bath. i e., difference in temperature 
between the exposed portion of the bath and its surroundings, which 
is compensated by the thermoregulator This does not include the 
portion of the thermal head which is compensated by the fixed heating. 
4 is considered positive when the bath loses heat to the surroundings. 

R, «■ K4 »■ cooling rate, deg /sec. 

IU “ rate of temperature rise of bath when energy is being supplied, deg /sec. 

Z ■» average temperature at which "make" and "break" occurs. 

OB' - contact lag; the change in temperature required to change the contact of the 
thermoregulator from "make” to "break ” This quantity has been 
found to vary rnthvr erratically by as much as 50',/ under ordinary 
conditions. 

A#, ■=> total change in temperature during one cycle of "make" and "break." Am¬ 
plitude of the periodic oscillations of temperature 

8 - instantaneous temperature of bath. 

0. - mean temperature of bath. 

W «• maximum electrical input supplied by regulator, watts; not average input. 

M — beat capacity of bath, joules,'deg. 

I ■» time lag of thermoregulator, seconds. This quantity is defined as the sun- 
tier of seconds which would elapse between the tuuc when the total 
energy input to the bath has reached a value corresponding to a given 
meniscus position and the time when the meniscus assumes this posi¬ 
tion, supposing the rate of energy input to be approximately constant. 

Now, R e = A> and A* « W/M — A, = W/M — A>. 

Then approximately 

0 m *» Z + if2 (A* — A,) » Z -J- 1/2 (W/M — iKip). 

Expressing finite changes, 0 m , in terms of changes in <1 and IF we have 

=» ~ AfV — tK (1) 

which is the characteristic equation far the fixed contact thermoregulator. 

The magnitude of the periodic change in bath temperature as the thermo* 
regulator operates is 
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tR c + tRk+ AB' 


4- A*'. 


Oscillating contact regulator. 

Let a « sensitivity of thermoregulator, the movement of meniscus In cm. per degree 
change in bath temperature 
1 *» instantaneous bath temperature. 

6m — mean bath temperature 

4 « thermal head as defined for fixed contact regulator, 
v — length of path of oscillating contact in centimeters over which energy is 
being delivered to the bath 

W = electrical energy distribution along the path of the oscillating element ex¬ 
pressed in watts/cm , * * , a change of o.i cm in position of the men¬ 
iscus would change the average power input by W/io watts 

Fra- equilibrium conditions it is evident that we must have the condi¬ 
tion 

MK<t> 
y h* • 

Expressing finite changes in y in terms of finite changes in <f> and W we 
obtain, 

MKH MKfrAW . . 

Ly = —- T\ (3) 

where the subscripts i and 2 denote values before and after the change 
considered has taken place: 

Now by definition of a, 

Ay = —aAB m . ( 4 ) 

Substituting this value for Ay in Equation 3 we have 

MK<h MKA4> , ^ 

ts> 


which is the characteristic expression for tire oscillating contact thermo- 
regulator. 

As an experimental verification of the above equations observations 
were taken of the action of a thermoregulator operating first as a fixed 
and then as an oscillating contact type The bath used was the water 
jacket of the calorimeter described in the Bureau of Standards, Scientific 
Paper 231. 

The time lag of the thermoregulator with respect to the heater was ob¬ 
tained as follows: The energy input to the heater was changed from a 
value which gave a zero temperature rate to one which would give a fairly 
large rate and reckoning from the time at which this change was made 
data for the time-displacement curve of the mercury meniscus of the 
thermoregulator were taken. This curve was pbtted and the constant 
displacement rate which was attained after about thirty seconds was 
projected back to cut the time axis. This intercept gave a single de- 
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termination of the time lag of the bath. The dual value was the mean 
of a number of such observations. 

The other constants of the bath and regulator were determined in the 
usual manner and found to be as follows: 

Heat capacity of bath, M, = 80,000 joules/deg. 

Cooling constant of bath, K, «= 0.000053 deg./se.c./deg. 

Time lag, t, «= 8.4 seconds. 

Sensitivity of regulator, a = 2.65 cra./deg. 

Temperature change for “make” to "break” A 0 ' = 0,0025° * 0.0005. 

Length of stroke of oscillating contact = o. 103 cm. 

Period of oscillating contact = 1.7 seconds. 

In order to secure changes in 6 m which amid be observed with the de¬ 
sired accuracy it was necessary to change the working conditions of the 
thermoregulator very widely. It is to be understood that clianges of 
this order of magnitude would seldom be met with in practice. 

Observations were taken and calculations made as indicated in the 
tables below. 

Fixed Contact Regulator. 



AS. ** t/iM & W — (A A*. as, « t t VM + AO'. 



w 

atr « 

A«? 40 * ot»a 4# * ctdc 

otw 


No. 

watt*. 

watt*. Dc*. 

OtK lift 

!><■«; 

tH*. 

V*t. 

I. 

. 30 

+ 3 ° - 

O O 0070 O 

0078 

+•0 0017 

0.0026 

2. 

. too 

+ 50 — 

O O 0120 O 

OIJO 

+0 0025 

+0 0026 

3 - 

. ISO 

—zoo 

O O 0i;0 O 

0180 

~ <J (XV5O 

-0 0052 

4 - 

30 

-- 20 — 

0 0.0073 0 0078 

- O OOIO 

—0.0011 

5 . 


— 40 19 

• -10.5 0 0150 0 0150 

-~’0 00021 — 0.0033 

6 

. 70 

+ 50 16 

13 0 0 0083 0 

0076 

+0 0033 

+0.00*9 

7 

. I »5 

— 37 19 

— 9.8 0.0170 0 

0160 

— 0 0020 — 0.0031 



Oscillating Contact Regulator. 
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w, 

4 W * 

A* 

A 9 m obs. 

emte. 

No. 


watu/cm. 

*r«tts/cra I>Cf. 


»«*. 

IN*. 

», 

. 680 

n6o 

480 ro.o 

O 

+0.0096 

O.OO98 

a. 

. 77 S 

*430 

673 10.0 

O 

+0.0095 

O.OO96 

3 . 

. 970 

u6o 

190 18.5 

O 

+0.0050 

o.opjo 

4- 

. 1160 

>160 

0 to.o 

- 2 ,4 

0.0037 

0 .OO 33 

5 

. 675 

*73 

0 10.0 

- 2 .O 

O.OO43 

O.OO48 

6. 

. 970 

970 

0 18.5 

—to.o 

0.0170 

0.0165 

7 - 

....... u6o 

1160 

0 18 . j 

— 7-7 

0.0120 

0.0106 


The agreement between observed and calculated values seems good in 
view \)f the magnitudes and nature of the quantities observed. 

The apparatus described above has constants which are more favorable 
to the fixed than to the oscillating contact type of thermoregulator, 
furthermore, it is hardly typical in that the >»»* 
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and the time Jag smaller than is usual. Constants which are more nearly 
representative of the average case will be assumed and the variation in 
S„ with varying working conditions will be calculated. 
if «“ 20,000 joules,/deg. 

* - 5' C. 

a <= 20 cm./deg. (270 cc. bulb, 1 mm. capillary). 

K « 0.0001 deg /sec./deg. 
t = 15 seconds. 

W = 1000 watts/cm. for oscillating contact 
W «= 10 watts for fixed contact. 

AS' = o 0004 deg. 

Assuming a change of 1 0 in For fixed contact, from Equation 1 
A 9 m = 15 X 0.0001 X 1 «• 0.0015°. 

For oscillating contact, from Equation 5 

20,000 X o 0001 X I o 

A 6 m = - “ o.ooox . 

20 X 1,000 

Tlie afflplitUtk of tlie-periodic oscillation of temperature is for the fixed 
contact thermoregulator, from Equation 2. 

Affp = - + o 004 * o 0064°. 

20,000 

Experiment lias shown that the amplitude of the periodic oscillation 
of temperature produced by the oscillating contact regulator appears less 
than 0.0001°. 

Assuming the energy input to change by 1% of itself; a change which 
might be due to a change in the voltage of the supply circuit. 

For fixed contact, from Equation 1 


Ad m = 


(lo X 0.01) * 0.000038° 


2 X 20,000 

For oscillating contact, from Equation 5 

AJ5 _ 20,000 X o 0001 X5 v , w \ „ 

Ac* = -——-—-X (1000 X 0.01) = 0.000005 . 

20 X 1000 X 990 

Hence the effect of small changes in power input would be negligible in 
either case. 

In conclusion, the author wishes to express his appreciation of the very 
great assistance rendered by Mr. M. S. Van Du sen of the Bureau of Stand¬ 
ards in the preparation and verification of this discussion, 

Wahhisotcjn, D. C 
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EQUILIBRIUM IN THE SYSTEM AMMONIA-AMMONIUM 
THIOCYANATE. 1 

By H, W. Foote and M. A. Hunter. 

Received October JO. 1919 

It recently became desirable to find absorbents other than water for 
free ammonia and in this connection the system of ammonia and am¬ 
monium thiocyanate has been investigated. 

When dry ammonia gas is passed over dry ammonium thiocyanate at 
room temperature, deliquescence takes place and a dear, nearly colorless 
solution of the salt and ammonia results. This fact was first mentioned 
in the literature by Bradley and Alexander, 3 who determined the solu¬ 
bility of the salt in the liquid over a wide range of temperature and the 
composition of some of the solid phases. 

Our work has been concerned chiefly with the vapor pressure of the 
liquid phase, but we have also determined the solubility of ammonium 
thiocyanate in the liquid over a limited range of temperature, and the 
specific conductance of several solutions at o°. 

Vapor Pressure. 

At a given temperature, the vapor pressure of a solution composed of 
ammonium thiocyanate and ammonia is a function of its composition, vary¬ 
ing between the value for the solution saturated with thiocyanate on the 
one hand and that of liquid ammonia on the other. We have deter¬ 
mined vapor pressures at 5 temperatures from 0“ to 40° between the limits 
of the saturated solution and the liquid having a vapor pressure of one 
atmosphere; and we have also determined the vapor pressure of saturated 
solutions alone at a number of very low temperatures. 

Vapor Pressures from o° to 40°. 

'flie method used for determining vapor pressures between o° and 
40 0 consisted in passing pure ammonia gas at a known pressure through 
a known weight of thiocyanate until no further change in weight oc¬ 
curred. In this way the composition of the liquid corresponding to a 
known pressure of ammonia was found instead of the more usual method 
of determining the vapor pressure of a liquid having a known composi¬ 
tion. The method is exceedingly simple and gave consistent results. 

Dry ammonia was obtained by warming a strong aqueous solution 
and passing the gas through two towers, the first containing quicklime 

%I A part of this work was carried out in 1911 by one of us and the rest more re¬ 
cently by both at the request of the Division of Chemistry of the National Research 
Council. The authors are indebted to Dr. John Johnston for some valuable suggestions 
Mjardinj the work, 

* Tm* Iournat 
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and tiie second fused caustic potash is sticks. The ammonium thio¬ 
cyanate used was a c. p. product which we recrystallized and dried. 

For the determinations, a weighed amount of the salt was placed in 
an absorption U-tube provided with a glass valve to prevent spattering. 
The temperature was kept constant by placing the tube in a suitable 
tank, and when necessary, the ammonia, before entering the U-tube, 
first passed through a coil immersed in the tank to insure its having the 
right temperature. For determinations at atmospheric pressure, the 
excess of ammonia gas passed directly into the atmosphere after leaving 
the U-tube; for pressures below atmospheric, a tube lei from the U-tube 
into a large bottle in which a constant diminished pressure was main¬ 
tained. The diminished pressure was produced by a water pump; it 
was kept constant by admitting air to the bottle after passing through a 
column of mercury, the height of which could lie varied. At low pressures, 
it was found better to use two mercury tubes in series, each cutting down 
the pressure by half. This prevented the mercury from spattering too 
violently. The pressure never varied over a millimeter in a determina¬ 
tion. A manometer connected with the bottle gave the pressure read¬ 
ings. Equilibrium between the gas and liquid usually was complete 
in about 2 o minutes. A series of determinations at varying pressures 
could be carried out with one sample of thiocyanate. The vapor pressure 
of the saturated solution was obtained either by extrapolation (at o°) or 
experimentally by reducing the pressure until crystals of thiocyanate just 
began to appear and then increasing it slightly until they just dissolved. 
This also gave the composition of the saturated solution. There is a small 
error in the results due to the fact that ammonia vapor partly displaces air 
when the liquid in the U-tube is weighed. In the most unfavorable case, 
this error only amounted to about 0.1% in the composition of the liquid. 
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The results which were obtained are given below. The values at the 
highest (atmospheric) pressure are in every case the average of two closely 
agreeing duplicates. By “per cent, of ammonia'* is meant the weight 
of it in 100 weights of solution. The values in the fourth column at each 
temperature show the percentage of the vapor pressure of pure ammonia 
exerted by the vapor of each solution. They are discussed later. The 
vapor pressures of pure ammonia, P K Hl> at each temperature, are taken 
from Keyes. 1 
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* Extrapolated for the saturated solution. 

* Saturated solution. 


The vapor pressures are plotted in Big. i 
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Vapor Pressures at Low Temperatures. 

The vapor pressures 
of solutions of ammo¬ 
nia saturated with am¬ 
monium thiocyanate 
were determined over 
the range from —78° 
to +20°. A glass 
bulb containing an ex¬ 
cess of the solid salt 
was connected with a 
mercury manometer 
and the pressures were 
obtained over the 
range indicated. The 
bulb was immersed in 
a bath of solid carbon 
dioxide and alcohol 
and measurements of 
the vapor pressures 
were made as the 
bath warmed. The 
- 10O -50 o 50 temperature readings 

Temperature Centigrade were taken with an 

Fig 2 —Vapor-pressure curve Saturated solution of ordinary toluene ther- 
amraotuum thiocyanate in ammonia mottle ter. 



The following values were obtained: 

Temp. T* 

—78 
—65 
—50 
—34 
—23 

—20 
o 

+20 


Vapor prmfft (»» ) 
i 

4 

9 

21 

34 

4 * 

107 

225 


These results are plotted in Fig. 2. 

Solubility, 

Several solubility determinations were made in the course of vapor - 
pressure determinations as described previously. A number of others 
were made in the following manner: A weighed quantity of solution, 
having a known composition, was sealed in a tube with a suitable weighed 
amount of thiocyanate. The mixture was heated until all dissolved, 

theft cooled raruHlw +„ -" * * 
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bath, the temperature could be determined at which the last of the crys¬ 
tals dissolved. At this temperature, the composition of the contents 
of the bulb is that of the saturated solution. The following results were 


obtained. Those marked with an 

asterisk were obtained during the vapor- 

pressure determinations. 

Temper*tun T *. 

Nin % 

NH.CNS % 

2.8 

23 13 

76 87 

10 0* 

22 51 

77 49 

20 O* 

21 64 

78 36 

23 3 

21 48 

78 52 

30 O* 

IQ 99 

80 01 

31.0 

19 86 

80 14 

33 0 

19 24 

80 76 

40 0* 

18 50 

81 50 

49 8 

16 67 

«3 33 

Individual results are not without appreciable error but the two methods 

give results agreeing reasonably. 

The results hav 

•e been plotted and a 

curve drawn through them from which the following results have been 

taken 

Temperature T ’ 

NH, % 

NH.CNS % 

O 

23 3 

76 7 

to 

22 65 

77 35 

20 

21 6 

7 » 4 

30 

20 15 

79 85 

40 

»8 4 

81 6 

50 

16 65 

S 3 35 


Bradley and Alexander 1 obtained results noticeably higher in thio¬ 
cyanate The two methods which we used in determining solubility 
gave results agreeing reasonably and wc cannot believe they are far 
from the facts. 

Discussion of the Results. 

A glance at the results on vapor pressure between o° and 40 ° will show 
that ammonium thiocyanate is exceedingly soluble in ammonia and that 
the vapor pressure of the latter has lieen greatly lowered by the dissolved 
salt. As an illustration, at 20°, the saturated solution contains 78 4% 
of thiocyanate and the vapor pressure is 237 nun. The vapor pressure 
of pure ammonia at this temperature is about 6500 mm. This lowering 
in vapor pressure is abnormally great and not of the same order that 
would be produced according to Raoult’s law, even if the salt were com¬ 
pletely dissociated. In the fourth column of the tables, the percentage 
of the vapor pressure of pure ammonia exerted by the vapor erf each solu¬ 
tion has been calculated. If Raoult’s law held for the solutions, these 
values should equal the molecular percentages of ammonia in the second 
column. Depending on the temperature and concentration, the values 
1 fjK. tit. 
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of vapor pressure calculated by Raoutt’s law are from about 3 to 15 times 
the values actually found. 

la Fig. 3, the percentage values of vapor pressure, (p/P) X 100, taken 
from the fourth column of the table, have been plotted (for o°, ao° and 
40°) as a function of composition. Tbe values for the two intermediate 
temperatures are omitted as they tend to confuse the diagram, From 

the form of the 
curves, especially 
the one at 0°, it fa . 
evidently posable 
to estimate approxi¬ 
mately the values 
for (p/P ) X 100 in 
more dilute solu¬ 
tions. 

Aside from the ef¬ 
fect of electrolytic! 
dissociation and 
possibly the associa¬ 
tion of liquid ammo¬ 
nia, the abnormal 
lowering of vapor 
pressure caused by 
ammonium thiocy¬ 
anate is probably 
due largely to ammonia addition products in solution. If the deviation 
from Raoult's law was due entirely to the last mentioned cause, the 
average composition of the compound in solution could be calculated by 
Callendar’s equation 1 

Po — P = n 
po N — an + it 

in which p D and p represent, respectively, the vapor pressures of pure 
ammonia and of the solution, » and N the molecules of solute and of 
solvent, and a the molecules of solvent combined with solute. Taking 3 
values at random from our results at o°, the corresponding values of a 
are as follows 


% NHi mol % 

M 

78 IS 

j.*6 

74 39 

*.73 

62 .84 

1.64 


The values of a increase with increasing concentration of amroonia, 
which is to be expected, but they are undoubtedly too high as a part of 

* Tree. Ron Snr Sink P.~. D — r—, « , * 
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the abnormal lowering is due to dissociation of the thiocyanate in soh$*j 
tlon. That dissociation is present, is shown by the high conductance 
of the solutions. The following results were obtained at o°: 


NHi mol. %. 
75 a 
68 9 
63.3 
59 7 
37 I 


Specific conductance 
O.1979 
o 1640 
O 1395 
o 1246 
o mo 


The solutions contained such a high percentage of thiocyanate that the 
conductance decreases with increasing concentration of the salt but the 
values indicate considerable dissociation though the data are not suffi¬ 
cient to calculate the amount. 

Association of liquid ammonia, if it exists, like dissociation of the thio¬ 
cyanate or compound formation in solution, would cause lower vapor 
pressures than those calculated by Raoult's law since the molecular per¬ 
centage of ammonia would lie less. Calculation shows, however, that to 
account for the abnormal lowering in the present case, the liquid must 
be very highly associated and the association must increase as the con¬ 
centration of ammonia decreases. It does not seem likely, therefore, 
that association of ammonia plays any considerable part in the abnormal 
lowering of vapor pressure in the present case. 

The lowering in the vapor pressure of ammonia produced by water is 
much less than that produced by ammonium thiocyanate of equal molecu¬ 
lar concentration. 

With regard to the vapor pressures 0/ saturated solutions, the ratio 
lietween them and the vapor pressure of ammonia at the same tempera¬ 
ture increases slightly with temperature, reaching a practically constant 
value above 10°. This ts shown in the following table. 


Temp 

T *. 

p vapor prenhurr 0# 
**tur*tvd aaltftjoo Mm. 

P NHi viper 
pressure M« 

(»/!*) X 100. 

—78 

I 

44 

3.3 

—63 

4 

112 

3-6 

—JO 


3*3 

a * 

34 


735 

a .85 

—-23 

34 

1410 

a.Si 

“—20 

4* 

*393 

*94 

O 

107 

3*55 

3 *9 

to 

167 

4656 

3 59 

40 

>37 

6480 

3.66 

30 

316 

8808 

3-59 

40 

4 <t 

11722 

3.51 


At higher temperatures, It is probable that the ratio would again de¬ 
crease, due *n w— j— --»• *«*< * - • 
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Application of die Results. 

As a means of condensing ammonia, ammonium thiocyanate could 
hardly displace water except when it is desirable to avoid the presence 
of water vapor. This is the case in the production of ammonia from 
nitrogen and hydrogen. From the data which have been given, it is 
possible to calculate at least approximately the efficiency of thiocyanate 
for this purpose, provided the pressure and composition of the equi¬ 
librium mixture of nitrogen, hydrogen and ammonia are known. 

Assuming a mixture of the 3 gases containing 3 volume per cent, of 
ammonia at a total pressure of roo atmospheres, which appears to be 
the minimum pressure used industrially, the percentage of ammonia 
which could be extracted at different temperatures is given in the table 
below. This table assumes that ammonium thiocyanate is in excess, so 
that the resulting liquid has the minimum vapor pressure. 


Temp r° 

Nila liquefiable % 

O 

95 ^ 

IO 

92 7 

20 

89 6 

30 

86 1 

40 

82 0 


The presence of nitrogen and hydrogen under high pressure might af¬ 
fect these values somewhat, but there are no data to show what the effect 
would be. A higher total pressure or a greater percentage of ammonia 
in the equilibrium mixture would of course increase the yields. 

The liquid giving these high yields is saturated with ammonium thio¬ 
cyanate and contains a relatively small percentage of ammonia. The 
liquid could be enriched in ammonia by some multiple system. As an 
illustration, at io°, ! /» of the ammonia could be removed, giving a liquid 
containing 39% of ammonia instead of 22 5%. The remaining ammonia 
could then be removed, up to a maximum of 92.7%, by passing the gases 
through excess of thiocyanate. 

Removal of ammonia from the liquid, when once the latter has been 
formed, offers no difficulty. It can be done by reducing the pressure or 
raising the temperature, or both. Provided the temperature is not raised 
sufficiently to melt the thiocyanate (150°), causing a partial transforma¬ 
tion into thiourea, there seems no reason why the salt could not be used 
over again indefinitely 

Compared with the maximum amounts of ammonia which can be ob¬ 
tained from the equilibrium mixtures by simple refrigeration without 
the presence of thiocyanate, the results which have been given are strik¬ 
ing. Assuming the same composition and pressure of the equilibrium 
mixture as above, and Regnatdt's values for the vapor pressure of liquid 
-it.- mr, Ko hv rffricrpratiotl alone is 
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Temp. T *. 

o and above 
—10 
—15 
—20 
—35 

- 30 


NH» recoverable by refrigeration. % 
none 
6,0 

25.3 

39.0 

5 * -7 
62 o 


If, however, refrigeration be adopted in the presence of ammonium 
thiocyanate, the results would be as follows: 

Temp. T NHi recoverable. % 

—20 98 I 

— 3 ° 98 9 


—50 


99.6 


In the practical application of this method for the absorption of am¬ 
monia, it will be found that the heat evolved by the absorption will use 
up a considerable quantity of the refrigerating substance. This can, 
however, be eliminated by carrying on the operation of absorption in 
several stages. 

If the first absorption cylinder containing ammonium thiocyanate be 
maintained at 20°, the heat produced by the absorption can be easily 
removed by cooling with water. The ammonia recovered will represent 
89.6% of the ammonia in the gas. If the second cylinder be maintained 
at 0°, a further quantity of ammonia equal to 5.8% will be removed. If 
a third cylinder be maintained at —20°, an additional quantity of am¬ 
monia represented by 2.7% of the total amount will be obtained. In 
the two latter stages, a system of heat interchangers may be used to main¬ 
tain the efficiency of the refrigerating materials. 

By such a system of absorbers it will be possible to remove 98.1% 
of the ammonia in the gas. Further, the heat produced by absorption 
of 89.6% of the ammonia will not require to be taken care of by refrig¬ 
erating material. 

Further work on this system combined with ammonium nitrate and 
with water is in progress. 

Summary. 

1. The vapor pressures of solutions of ammonium thiocyanate in am¬ 
monia have been determined at various temperatures between o° and 
40 °. 

2. The vapor pressures of a solution of ammonia saturated with am¬ 
monium thiocyanate have been determined between +20° and —78°. 

3. The solubility of ammonium thiocyanate in ammonia has been found 

at temperatures ranging from o' to 50®. * 

4. The specific conductance of several solutions at o° has been meas¬ 
ured. 
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quires. Probable causes of this abnormal lowering have been con¬ 
sidered. 

6. The practical application of the use of ammonium thiocyanate 
in the absorption of ammonia has been considered. 

N«w Havsk, Conn , and Taov N Y 


THE COPPER FLAME TEST FOR HALOGENS IN AIR. 1 
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Received October 30» 1919 

The Beilstein 3 ' test for halogens depending on the green color which 
copper imparts to a colorless flame in which they are present has been 
widely used as a sensitive test for halogens and halogen compounds in 
air and in other gases. A usual procedure in such cases has been to feed 
the gas in question into a Bunsen flame in which a spiral copper wire 
or a copper gauze is suspended. It has been found that by a careful regu¬ 
lation of the flame as little as one part in a hundred thousand parts of air 
can be detected in this way. 

Of late this method has been widely used, at least in the laboratory, 
for detecting toxic war gases in air, since they almost invariably contain 
halogens. The delicacy mentioned above is adequate for most war 
gases, but for certain of the more toxic ones, for example, mustard gas, 
ro- to loo-fold greater delicacy is desirable. The attempt was therefore 
made to increase the delicacy of the copper flame test sufficiently to meet 
these requirements. 

This has been accomplished by the very simple expedient of making 
the test a cumulative one. The air in question is passed over a moder¬ 
ately heated copper spiral or gauze for some time—a longer time the 
lower the concentration of the halogen. After this period of accumula¬ 
tion the copper spiral is sharply heated in a suitable flame and the green 
tinge observed. 

Apparatus and Procedure. 

The apparatus used in this test is very simple; it consists merely of a 
quartz tube of about one cm. bore, in which is placed a roll of oxidized 
copper gauze 50 meshes to the linear inch, 10 to 11 cm. long, wound tightly 
around a stiff iron wire, which serves as a handle for the insertion and 
withdrawal of the roll from the tube. In addition a non-luminous Bun¬ 
sen Or acetylene flame is required. 

To carry out a test the air in question is drawn through the tube, while 
3 Published with the approval of Major General W. L Sibert, Director, Chemical 
Warfere Service, U. S.% . 

• ftfr 1630 (1872}, Noelting (interference of pyridine), Ibid., 33, 3664 

- ■ >** ^4 
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the end of the copper roll near the inlet is heated from without to incip¬ 
ient redness. After a suitable period of accumulation the roll is removed 
from the tube and inserted into a colorless flame. To obtain the best 
results the copper roll should be introduced not too slowly into the flame, 
heated end first, the observer watching against a dark background whether 
any coloration is produced anywhere along the roll. If a non-luminous 
acetylene flame is used, care must be taken not to melt the copper gauze 
even superficially, for this results in the production of a green color in 
the absence of a halogen. After a positive test, by careful heating, all 
of the green color will usually disappear and the roll is then ready for 
another test. 

Delicacy of the Test. Influence of Different Factors. 

To determine the sensitiveness of this test and the influence of different 
factors such as rate of flow, concentration and temperature upon it, 
air-halogen mixtures of known concentrations were prepared and the 
time of accumulation required to give a positive test under different con¬ 
ditions was measured. To obtain with precision the minute concentra¬ 
tions of halogens required, air was passed at a known rate through a 
saturator containing fl-dichloro-diethylsulfide (“mustard gas”), and then 
, mixed in a mixing chamber with a stream of pure air flowing at a known 
and much more rapid rate- The temperature of the saturator was con¬ 
trolled, and since the vapor pressure of this highly involatile liquid is 
well known, 1 this gave a known concentration of halogen before dilution 
in the second air stream. As the rates of flow of the two streams were 
controlled by delicate valves and were measured by two sensitive flow¬ 
meters, the concentration in the dilute gas stream was also accurately 
known. This arrangement usually provided a more abundant stream 
of halogen-laden air than was required or was desirable for the test; a 
mixing chamber was, therefore, provided with an exit opening freely to 
the hood, and the required amount of mixture as indicated by a third 
flowmeter was drawn off from the mixing chamber into the quartz testing 
tube. By this simple means concentrations of chlorine between o 00003 
and 0.003 mg./l., probably accurate to 2 or 3 %. were readily secured. 
A diagram of the whole apparatus is given in Fig. 1. 

■Vapor Pressure of 0-Dichloro;diethylsulfide, and Concentration of its Saturated Vapor. 


Concentration of vapor 

Vapor Die hloro-die thjUul fide Chlorine 

Temp 0 C. PPM Mg /j,' P P M. Mg./L. 

0 . 0.02J 33 0.22 33 O.tO 

to . 0.040 53 0.36 53 O.tfi 

15 0-047 62 O 42 6a 0.19 

*0. 0.062 82 0.54 82 0.24 

32... 0.064 ft tfi St 


#fc MSI 
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Tabib I. 


Delicacy of Test for Chlorine. 


Rate 

Time of ac¬ 

Temp 

Total 

Minimum ohlo- 

of flow 

cumulation 

chlorine No of nne detected. 

L'./mio. 

Mid, 

°C 

Mmg. trials. Test. 

Mmg. 

Remarks. 


Approximate Concentration, 0.5 P. P. M., 

or 1.45 mmg./L. 


>•5 

2 

25 

9.3 4 

+ : 



IS 

I 

25 

4.7 7 


4.0 


IS 

I 

35 

4.7 4 

a !t 


Faint 


Approximate Concentration, 0.2 P. P. M., or 0 58 mmg./L. 


IS 

4 

• 25 

3.5 3 

+ } 

| 26 


«-5 

s' 

25 

2.7 2 



Faint 

4 o 

3 

25 

7.1 2 

+ 1 

[ 7I 


4.0 

3 

25 

7.t 2 

• " ; 

f 7 


8.0 

3 

25 

14.2 4 

+ 1 

[ 9.3 


8 o 

2 

25 

9-5 2 

* J 

Faint 


Approximate Concentration, 0.1 P. P M., 

or 0 29 mmg./L. 


i 5 

6 

23 

2.4 2 

+ 

■ 


1.5 

6 

27 

2.8 1 

+ 

i 2 4 


l-S 

5 

27 

2 .3 I 

-J 



4.0 

3 

27 

3-7 2 

+ 

< 3 7 


8.0 

5 

28 

12.8 1 

+ 1 



8.o 

5 

26 

12 0 3 

+ ! 



8.o 

3 

27 

7 4 1 

+ i 



8.o 

3 

26 

7.2 1 

+ 1 

5-5 


8.0 

3 

22 

6.0 3 

+ 



8.0 

2 

27 

50 2 

— ( 




Approximate Concentration, 0.05 P. P. M , or 0.145 mmg./L. 


1.5 

20 

25 

4.4 I 

+ 



15 

l 5 

15 

it 

25 

25 

3.3 1 

2 .4 2 

+ 

+ 

2 3 


1-5 

10 

25 

2.2 2 

- , 



*.o 

11 

26 

6.6 2 

+ 1 

• 


4.0 

10 

26 

6.0 1 

+ 



4.0 

7 

26 

4.2 2 

+ 

• 2.8 


4.0 

5 

28 

3 2 1 

+ 


Faint 

4.0 

5 

26 

3.0 2 

+ 


Faint 

A ° 

5 

24 

2.8 I 

at ; 


Faint 

4.0 

4 

24 

2 .2 2 

— J 



8 .o 

it 

26 

* 

+ 



8.0 

10 

26 

12 .0 4 

+ 

3.0 


8.o 

5 

*4 

3.6 4 

+ 


8.0 

4 

24 

4-5 * 





Approximate Concentration, o.or P, P. M„ or 0.029 mmg./L. 


4.0 

36 

27 

4 S t 

+ 



4.0 

25 

27 

3.1 1 

+ 

3.8 


m n 

in 

11 

2 5 t 

~ 
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The results obtained are collected in Table I. In this table the concen¬ 
trations are given both in parts per million by volume (P. P. M.) and in 
thousandths of a milligram (mmg./l.) per liter, at rates of how between 
1.5 and 8 liters per minute. The temperatures of the diehloro-diethyl- 
sulfide are recorded and from these data and the known length of the 



period of accumulation the total chlorine passing over the copper gauze 
during this period was computed and is given in Col. 4. The positive 
or negative test obtained is indicated in Col. 6, respectively by plus 
and minus signs. From these results the minimum amounts of chlorine 
detected, expressed in thousandths of a milligram, are derived and given 
in Col. 7. 

In Fig. 2 these minimum amounts detected are plotted against concen¬ 
trations at 3 different rates of flow. This figure indicates that, as would 
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be expected, the slower the rate of flow the smaller the absolute amo unt 
of chlorine which can be detected. At the slowest rate tried, namely, 
1.5 liters per minute, the least amount which could be detected would 
beo.0022 mg.,and as there is little gain in passing from 4 to 1.5 liters per 
minute, it is improbable that even by a very much slower rate of flow 
anything less than 0.002 mg. of chlorine could be detected. This would 
seem to imply that it requires at least this amount of chlorine to produce 
a noticeable green color under the above conditions. Fijr. 2 further shows 
that the delicacy at low rates of flow is substantially independent of the 
concentration, but that at high rates of flow the deli« tC y i s greatest at 
low concentrations. A simple explanation of this fact tyould be that be¬ 
yond a certain critical velocity more or less of the halogen escapes ab¬ 
sorption by the copper during the period of accumulation. 

Experiments were next made to determine how dose regulation of the 
temperature of the copper spiral during the period of accumulation was 
necessary. In the regular procedure followed in securing the above re¬ 
sults, the quartz tube was heated to redness on the loty er side for 12 to 
25 mm., directly underneath the tip of the copper j> a uze cylinder. A 
series of duplicate experiments were now run in which the quartz tube 
was heated much more strongly, namely, to redness for a distance of 38 
mm. underneath the end of the copper spiral. Care was taken, neverthe¬ 
less, to avoid a temperature high enough to volatilize the copper chloride 
along the entire length of the copper gauze cylinder. N*, difference could 
be observed in the sensitiveness of the test under the t wo conditions. 

Duplicate measurements were also made comparing the above copper 
gauze of 50 meshes to the inch, with a much finer gauzb, namely, one of 
150 meshes to the inch. A very slight decrease in sensitiveness was ob¬ 
served, presumably due to the increased resistance to the free passage of 
air through the gauze and hence to the greater tendency for rapid passage 
of flte gas through the larger channels between the copber spiral and the 
quartz tube. A further objection to the use of the finer mesh was the 
increased ease with which it melted when slightly superheated, which 
not only vitiated the results, but produced a deformat j Qn 0 f the gauze 
cylinder, and a consequent increase in leakage. 

The “age” of the copper gauzes was, on the other l ian d, found to be 
Of some importance. A new, bright gauze was found tq be less sensitive 
than one which had been in use for some time. After a n umb er of tests 
bad been made on a gauze no distinction could be observed. This 
behavior is doubtless due to the formation of a more active surface as the 
result of the alternate oxidations and reductions indq^t to the test' 
" **■ Ja liWe connected with the known highly absorbent nature 
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Approximate Estimation of Concentration. 

The results obtained proved to be so reproducible that it seemed 
worth while to determine whether this method could be employed to 
estimate roughly very low concentrations of chlorine and chlorine com' 
pounds in air. Evidently, the most convenient way to do this would be 
first to plot curves, based on the previous results, showing at different 
rates of flow the periods of accumulation required to give a positive test 
at different concentrations. This has been done in Fig. 3. Then, in 
case of an unknown concentration, one need only determine the minimum 



period of accumulation required for a positive test at a given rate of flow 
and read off from the appropriate curve the concentration which must 
have prevailed during the period of accumulation. Fig. 3 shows that in 
general it mil be more advantageous to determine relatively high con¬ 
centrations (0.003 mg./I. and higher) at low rates of flow (1.5 liter per 
minute); while lower concentrations, because of the long periods of accumu¬ 
lation required, are more conveniently determined at relatively high rates 
of flow, 

To determine the usefulness of this method of approximate analysis, 
the series of tests given in Table II were carried out at moderate concert- 
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twenty and one part in ten million parts of air. By comparison of Cols. 
10 and 11 of the table it will be seen that there is a close concordance 
between the concentrations of the gas mixtures actually used and those 
predicted by the curve from the times of accumulation required for a 
positive test. 

Tabus II. 

Approximate Estimation of Chlorine Compounds in Air. 










Minimum Concentration. 









time for 



Rate 


Concentration 

Time of 

Total 

No 

Result positive 


From 

of flow 

Temp 


-- , - , 

accutn 

chlorine. 

of 

of 

teat 

Actual. 

curve. 

L /min 

°C. 

P. P M 

Mmg !L 

Min 

Mm* 

tests 

tests 

Mm 

Mmg /It 

Mmg./L 



Approximate Concentration, o 05 P. P. M 



1.5 

25 

0 050 

0 147 

II 

2 4 

3 

+ 

f 10 5 

0.15 

O 14 

15 

25 

0.050 

0 147 

IO 

2.2 

2 


1 



4 *o 

25 

0 050 

0 147 

7 

4 * 

2 

+■ 

l 52 

0 15 

0.14 

4.0 

25 

0 050 

0 147 

•> 

3 0 

5 

jfc 1 

i 

I 5 



8.0 

25 

0 050 

0.147 

5 

5 9 

4 

+ ' 

l 











f 4 6 

O 15 

0.14 

8 o 

26 

0.052 

0 152 

4 

4 9 

2 


1 





Approximate Concentration, 

0 r P. P. M 



15 

24 

0.095 

0 28 

7 

2 9 

4 

+ 

i 



1.5 

24 

0 095 

0.38 

7 

2 9 

1 


1 



1-5 

24 

0.095 

*> _ 

0 38 

6 

2 5 

7 

+ 1 

^ 6 0 

O 28 

0,27 

1-5 

24 

0 095 

0 28 

6 

2 5 

2 

J 

. 



8.o 

24 

0.10 

0 28 

3 

7 0 

5 

+ ] 




8.o 

28 

0 112 

0 32 

2 

5-1 

2 

-J 

\ 2 5 

O 31 

0.29 


As this method depends on the estimation and detection of faint color, 
it will always require experience and a preliminary calibration, so to 
speak, of the operator. It would, of course, be possible to arrange for a 
simultaneous comparison of the air in question with an air mixture con¬ 
taining a known concentration of halogen, but the essentially qualitative 
nature of the method seemed hardly to justify the additional complexity 
and difficulty. 

Summary. 

By the simple expedient of making it cumulative the copper dame tes' 
for halogens in air has been rendered much more sensitive, so that a 
little as one part of halogen in fifty or a hundred million parts of air i 
readily detected. Moreover, the simplicity and rapidity of the test hav 
not been sacrificed in the process. 

'The results are sufficiently definite and reproducible to permit a fair! 
dose estimate of the concentration of the halogen from the length of th 
accumulation period required to give a positive test, 

Wasbujotoh, D. C. 
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THE CRYSTAL STRUCTURES OF WULFENITE AND SCHEELITE. 

By Boscoe G Dickinson 
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i. Introduction. 

Wulfenite, PbMoO*, and scheelite, CaWOi, are substances showing 
both chemical and crystallographic similarities. Both crystallize in 
the tetragonal system, and the two crystals possess nearly equal axial 
ratios. Wulfenite is placed by Grotb 1 and by Tutton* in the pyramidal 
or hemimorphic-hemihedxal class, the class of lowest possible tetragonal 
symmetry, characterized by the possession of a tetragonal axis only. 
Scheelite is placed by Groth and by Tutton in the bipyramidal or pyram- 
idal-hemihedral class, which, in addition to a tetragonal axis, possesses 
a symmetry plane perpendicular to that axis. According to Dana’s 
“Mineralogy”’ the etch figures*of wulfenite do not, however, show 
hemimorphism, i. e., lack of the equatorial symmetry plane. 

At all events wulfenite and scheelite possess considerably less symmetry 
than other tetragonal crystals of similar composition, such as rutile, 
anatase, cassiterite, zircon, and xeaotime, which have been studied by 
Vegard* and by Williams.’ Thus a knowledge of the structure of these 
substances would, in addition to giving information on the general prob¬ 
lem of interatomic forces, show what dissymmetry in the atomic arrange¬ 
ment, if any, corresponds to the dissymmetry of the crystalline substances. 
Whereas this research has not led to a complete solution of the struc¬ 
ture, enough information has been obtained to make a discussion profita¬ 
ble, and to indicate some of the difficulties of the application of the Bragg 
method, in its present stage of development, to other than fairly simple 
crystals. 

2 . Apparatus and Procedure. 

The apparatus is essentially the same as that used by Burdick and 
Ellis* in the study of chalcopyrite in this laboratory. One modification 
used in the later part of the investigation deserves mention. Instead of 
reading the electroscope directly by means of a microscope provided with 
an optical micrometer, as was done in some of the measurements on 
wulfenite, the position of the shadow of the electroscope-leaf projected 
on a screen was read. This was accomplished by placing behind the 

i 

1 Chemisette Krystaliographie. 

* Crystallography and Practical Crystal Measurement. MacMillan, 1911 . 

» Mineralogy, 1900, Appendix I, p. 74. 

* Phit . Mag., 33, 393 (1917); 3a, 63 (1916): 3a, 303 (1916). 

* Pfoc. Ran. See. {ImAmA 
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electroscope an electric lamp and collimator; in front of the electroscope 
was placed the microscope in the usual manner, but with the eyepiece 

43*Prim fitted with a 45° prism 
which deflected the beam 



Electroscope 


& 




T 8 '* / 


CoMi motor 


on to a mirror, and this 
in turn on to the screen 
which was contained in 
a darkened box. The 
arrangement is shown in 
Fig. 1. It was thus pos- 
Mirror sible without appreciable 
Fix- i.—Plan of apparatus for projecting image of electro- loss of sensitiveness, to 
scope leaf. make observations with 

both eyes at the distance of normal vision. This eliminated the eye- 
strain to a considerable extent. 


0arVt««4 Box 


■'ftcr«w\*2kaU 


m 

t 


The wulfenite crystal used was loaned by Prof. W. H. Clapp, of this 
College. It was of tabular habit with 001 and 102 faces considerably 
developed. It was 16 mm. wide by 4 mm. thick. The color was bright 
orange-red. 

Two of the scheelite crystals (marked A and B in the table of results) 
were loaned by the Smithsonian Institution and came from Korea. Both 
had only the 101 faces developed. A weighed over 50 g. A was grey in 
color, while B was brown. 


Only 3 of the spectra measured (viz., 001 and 102 from wulfenite and 
101 from scheelite) were obtained from developed faces. In other cases 
it was attempted to set the crystal in such a way that reflection would 
take place without making it necessary for the X-ray beam to pass through 
any considerable amount 0/ crystal; for, owing to the high absorption 
coefficients of lead and tungsten, the relative intensities of the successive 
coders might be considerably affected if the amount of crystal the beam 
passed through were different for different orders. 1 For instance, the 
ioo spectrum with scheelite was obtained by setting the Crystal with its 
tetragonal axis vertical, reflection taking place in the region of the hori¬ 
zontal intersection of two 101 faces. In some cases the crystal was ground 
to have the desired face . 


The usual procedure was to find the proper setting of the crystal for a 
maximum by moving the crystal while keeping the chamber open 
wide; then to determine the chamber angle with the I’hnmhor slit nar¬ 
rowed, usually to one mm. When the crystal and chamber an glx for one 
maximum were thus determined, the entire region between o and 60* 
(chamber angle) or more was examined for other maxima by moving the 
chamber with its slit at a mm. through successive small angles and moving 
1 See W. H. Bragg, PM. Mat; *M (*9x4). 
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tbe crystal half as fast. After the existence of various maxima was shown 
the precise position of each was more carefully determined. Finally, with 
the chamber-slit at 2 mm., the intensities of the maxima were measured 
in rapid succession. The width of the slit next to the crystal was kept 
usually at 2 mm., but for some weak spectra it was opened to 4 mm. 

3. Treatment of the Observations. 

Owing to the fact that the effective reflecting plane is not always at 
the center of the graduated circle (especially when the face in question is 
not developed on the crystal), the zero position of the ionization chamber 
is not at o° but at some small angle <p 0 . For any two orders of reflection, 
say the nth and the with, the value of <p 0 , which must be chosen in order 
to bring the observed chamber angles <p a and t? m into accord with the 
equation n\ *» 2 d sin <pj2 is given by the equation 

_ /. _ m sin <pJ* — a sin 

tan tpo/2 = ----. 

m cos tpj 2 — a cos <fj2 

As a result of experimental error and of the fact that the effective re¬ 
flecting plane of an imperfect crystal does not remain constant as the 
crystal is rotated, the values of <p 0 calculated from different pairs of 
maxima are not always equal, and they sometimes show progressive 
variation. Consequently, instead of calculating <f a from an arbitrarily 
Table X.—Reflection Data for Wulfenite 


Mane 

fWfr 

n 

Half <* 
observtd 
chamber angle 

Zero 

point 

V* 

Corrected angle 
of reflection, 
*/» »* 

Sib ‘/i e* 

1 /„ mu ■/, r n 

Relative 

intensity 

IOI 

1 

5 ° 3 ' 

—12' 

5 ° 15 ' 

0.0915 

0.0915 

too 


II 

10* 20' 


10° 32' 

0 1828 

0 0914 

66 


III 

* 3 ° 47 ’ 


15 ° 59 ' 

0.2754 

0 0918 

30 


rv 

21*lj' 


21° 27' 

0 3657 

O.O914 

13 


V 

26° 33' 


27* 5' 

0.4553 

0.09U 

5 

100 

1 

8 * 45 ' 

0' 

8 * 45 ' 

O 1521 

O 1521 

100 


IT 

• 7 ° 49 ' 


17 * 49 ' 

O J06o 

0.1530 

26 


III 

27” 0' 


27* 0’ 

O 4540 

O.1513 

4 

no 

t 

6* 5 ' 

-5' 

6* 10' 

0 1074 

O 1074 

9 * 


II 

12*22' 


12 * 27 ' 

0.2156 

0.1078 

too 


III 

18*43' 


18*30’ 

0 3228 

O 1076 

SO 

001 

I 

3 ** 7 ' 

-~8' 

3 ° 35 ' 

O 0973 

O.O973 

100 


II 

»* 7 ' 


II*is' 

O I 9 SI 

O 0976 

60 


in 

16*48' 


.16*56' 

O.2913 

0.0971 

46 

xb 

rv 

22*43' 


M* 53 ' 

0.3889 

O 097a 

11 

HI 

9 * 38 ' 

— 38 ' 

tO* 26' 

O.1811 

0.0604 

16 


IV 

13 * 30 ' 


13 * 3 *' 

O.24I4 

0.0604 

100 

104 

r 

14* O' 

—20' 

14* 20' 

0.2476 

O.2476 

IOO 


11 

29*20' 


* 9 * 4 °’ 

0.4930 

0.2473 

7 


‘ A doubtful reflection of intensity 3 wm obtained when ball the observed dant 

bttWt|feWM«* 4 $ y . 
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chosen pair of reflections, say the first and second orders, a value of #> a 
has been sought for the series of spectra from each plane so as to give the 
least possible variation to the quantity i/» sin where ip„ is the cor¬ 
rected chamber, angle. 

The small amount of stray reflection in the neighborhood of the maxima 
has been subtracted in determining the relative intensities. 

4. The Observed Values. 

The experimental results are given in Tables I and II, of which the 
headings are self-explanatory. 


Taels II.—Reflection Data fob Schbewte. 




Half of 

Zero 


Order, 

ofiier veil 

point, 

Platte 

* 

chatnlrer origin 

«,/i 

IOI 

1 

5 ° 20' 

— 7 ; 

A 

11 

10° 52' 



nr 

16* 30' 



IV 

22° 15' 


100 

1 

8°+ 5 ' 

—30' 

A 

11 

18° 22' 



m 

28* 23' 


no 

1 

6° 40' 

—15' 

B 

11 

« 3 ° 14' 



rn 

I 9 ° 52 ' 



IV 

26° 48' 



V 

34 ° 17 ' 


001 

1 

6° 8' 

—10' 

A 

11 

12° 11' 



m 

18 0 22' 



IV 

* 4 ° 38' 


m 

I 

3 ° 19 ' 

—10' 

A 

III 

10° 33 ' 



rv 

14° 12' 



V 

17 ° 49 ' 



VIII 

29° 22' 



Corrected angle 
of reflection, 

V* *■«- S*o i/x 

1/m Kin 

keUtiyr 

Intensity. 

5 »7 

0.0950 

O.O95O 

100 

S9‘ 

0.19OS 

0.0953 

59 

16 * 37 ' 

0.2860 

0 0953 

18 

22° 22' 

0.3805 

0.0951 

8 

9 ° IS' 

0.1607 

0.1607 

100 

18* 52' 

O.3234 

0.1617 

28 

*8° 33' 

0.4830 

0.1610 

8 

6° 25' 

0.1118 

O.II 18 

67 

59 ' 

0.2347 

O.II23 

100 

19 ° 37 ' 

0-3357 

0.H19 

49 

26° 33' 

0-4457 

0.1114 

25 

34 ° s' 

0.5597 

0.1119 

8 

S°i8' 

0.1040 

0.1040 

75 

12® l’ 

0.2082 

O.1041 

! 0 O 

l8° 12' 

O.3U4 

0.1041 

82 

24° 28' 

0.4142 

0.1037 

>9 

3 ° 39 ' 

0.0608 

0.0608 

Wt«lt 

10* 43' 

0.1860 

0.0620 

26 

14* 32' 

0,2481 

0.0620 

too 

17° 59 ' 

0.3087 

0.0617 

4 

29 * 33 ' 

0 , 49*9 

0.0616 

i» 


5 * Interpretation of the Crystal Structure. 

The various planes of atoms parallel to a possible crystal face consti¬ 
tute an array that may be formed by the indefinite repetition of a pattern 
made by a small number of planes. The thickness of the thinnest possi¬ 
ble pattern of this character will be called here the interplanar distance 
An example is shown in Fig. 3. it will be noticed that interplanar dis¬ 
tance as here defined is not the distance between two adjacent planes, nor 
«en the smallest distance between two similarly constituted planes- 
r at -T C 81737 “ ay 1X5 cxmsidered to be made up of atoms 
lattice3 ' ** ***««* calculated from, 
the formula n\ # 2 dsm<p«/2 cannot be larger than that between two ad*. 
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jacent planes of one lattice; 1 it is equal to it, or is a small submultiple of it. 
On the other hand, the crystallographic ratios must be obtainable from 
the ratios of the corresponding lattice distances by multiplication by small 
integers; hence the crystallographic ratios are obtainable also from the in- 
terplanar distances, as above defined, by multiplication by small integers. 

If c : a is the crystallographic ratio of a tetragonal crystal, then n c : 
ma ~ dm '■ dm, where n and m are small integers. From the fundamental 
equation for reflection it follows that dm - dm = sin (^/2)ioo : sin (<p/2)om- 
For wulfenite this becomes 0.1521/0.0973 = x 563. From crystallo¬ 
graphic data c : a = 1.577. For scheelite we have o. 1611/0.1040 = 
1 - 549 . while crystallographic data give 1.536. Evidently in each case 
n and m may be taken as unity. 

We may 'now investigate the type of lattice underlying the atomic ar¬ 
rangement. It will be convenient to find various simple arrangements that 
make the ratio of dm to d Wl equal to the crystallographic ratio and to 
choose from these the arrangement that gives the observed ratios of the 
other interplanar distances. 

There are only two distinct lattices having tetragonal symmetry. One 
is formed by placing points at the vertices of a rectangular parallelepiped 
with a square base; the other is formed by placing points at the vertices 
and at the center of the faces of a rectangular parallelepiped with a square 
base. Various relative interplanar distances, however, may be obtained 
by arranging these lattices differently with respect to the crystallographic 
axes, or by allowing two or more identical lattices to interpenetrate at 
rational fractions of some lattice interplanar distance. Six cases will 
be considered. 

Case I. The lattice is formed by placing points at the vertices of rec¬ 
tangular parallelepipeds with square bases, the crystallographic axes 
coinciding in direction with the edges of the parallelepipeds. 

Case II. The same as Case I, except that the two equal crystallo¬ 
graphic axes are at 45 0 with the edges of the square base of 'the paralle- 
piped. 

Case III. The lattice is formed by placing points at the vertices and 
centers of the faces of rectangular parallelepipeds with square bases, 
the crystallographic axes coinciding in direction with the edges of the 
parallelepiped. 

* It will be observed that the term "lattice” or "space-lattice” is here used in the 
atript sense given it by crystallographers and also given by W H. and W. 1 .. Bragg 
in their book, "X-Rays and Crystal Structure." The following definition is from 
Harold Hilton, "Mathematical Crystallography.” "A series of parallel planes such 
that the distance between any two consecutive planes is constant and equal to « will 
be called a set of planes of interval a The sum total of the paints of intersection of any 
three sets of planes is called a 'tegular space-lattice,' or more simply a ‘lattice’.” It 
Ksuas desirable to avoid the looee terminology of many X-ray investigators, . 
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Case IV- The as Case III, except that the two equal crystallo¬ 
graphic axes are at 45 0 with the edges of the square base of the parallele¬ 
piped. 

f>*» V. Two lattices each arranged as in Case III interpenetrating 
In such a way that a point of the second lattice is situated on a diagonal 
of the first, one-quarter of the distance between two points of the first. 

Case VI. The same as Case V, except that the two equal crystallo¬ 
graphic axes are at 45 0 with the edges of the square base of the parallele¬ 
piped. 

The ratios of the various interplaaar distances may now be calculated 
starting in each case with dm dm = c ■ a or simply c. For the planes 
studied there is some distinction between any two of the above cases. It 
is found that agreement with the observed ratios is obtained in Case V 
and in no other For Case V the ratios dooi dm : duo ' dioi d m : dm may 
be calculated with aid of the expressions 

r- * 4 1 

C ' 1 2 Vi + 1/tr 5 ' V2 -f i/c* Vi -f 4/<r s 

The ratios so calculated from crystallographic data are to be com¬ 
pared with the ratios of the reciprocals of the sines of the glancing angles 
In the case of wulfenite we have for d m d la> • rfn 0 • dim ‘ dm dm, 
from crystallographic data- 1 577 1 * 1 414 1 689 2 581 -o 619; 
from X-ray reflection data- 1 563 1 : i 414 • 1 666 ■ 2 522 o 615. 

In the case of scheehte we have for dom di W • duo ’ dm : d m , from crys¬ 
tallographic data 1 536 1 1 414 :1 676 2 569, from X-ray reflec¬ 

tion data- 1 549 1 ■ r 440 r 692 . 2 598 
Before proceeding further we will investigate whether this arrange¬ 
ment is in agreement with the observed densities of the crystals. To do 
this it is necessary to note the number of atoms associated with some 
arbitrary unit volume of the structure Consider for each of the 6 cases 
a parallelepiped whose dimensions are the interplanar distances dm, dm, 
d m - The number of PbMoOi or of CaWO« groups associated with it is in: 
Case I, one, Case II, one half, Case III, one-half; Case IV, one-quarter; 
Case V, one-eighth; Case VI, one-quarter The value of dm which must 
be taken in order to give this number x atom groups in a volume equal to 
(dm)* X (dom) cc is given by the expression- dom * ■VxMc*/pN, where M 
is the formula weight, c is the crystallographic ratio, p is the density, and 
N is Avogadro’s number. For wulfenite p was found to be 6.82, and for 
scheelite 6 06. This gives, placing x equal to one-eighth, d« 0 i for wulfenite 
equal to 3.02 X io~* cm., and for scheelite equal to a.85 X to~* cm. 
Values of dioo may also be obtained from the X -ray data by placing , for the 
p alladiu m target, X * 0.584 X io“* cm., in the expression n X *» 2d 
da V* P »■ This gives far wulfenite 3.00 X io~*, and for scheelite 2.81 X 
io _ * cm. 
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-It is thus evident that Case V gives not only the correct ratios of the 
distances between various planes, but also the proper absolute values of 
those distances to accord with the density of the crystals. So far, then, 
it has been demonstrated that the lattice upon which the crystal is built 
is the face-centered, and that the metal atoms ( e . g., the lead atoms) are 
associated in pairs with each point of the lattice in such a way as to pro¬ 
duce the arrangement described under Case V. This arrangement has 
often incorrectly been termed a “diamond lattice.” 

The next step will be to locate the molybdenum atoms with respect 
to the lead atoms, and the tungsten atoms with respect to the calcium 
atoms. It may be seen that the only kind of tetragonal rotation axis 
possessed by the diamond 
arrangement is a tetragonal 
screw axis If it is desired 
to superpose two such ar¬ 
rangements (e. g., the lead 
atoms and molybdenum 
atoms) in such a way that 
the resulting arrangement 
-nil! have a tetragonal axis, 
it is evidently necessary to 
bring into coincidence the 
tetragonal screw axes of 
each of the separate ar¬ 
rangements. Similarly the 
only equatorial symmetry 
plane possessed by a tetra¬ 
gonal diamond arrangement 
is a glide reflection plane. 

If these also are brought 
into coincidence (scheelite 
it will be remembered, pos¬ 
sesses an equatorial plane), 
the arrangement shown in F>6' *•— Arrangement of metal atoms in wulfcnite and 
Fig. a is obtained. scheelite. 

By far the most striking abnormality in the relative intensities of suc¬ 
cessive orders of reflection was found in the case of the in plane. With 
Ufrch crystal the fourth order was found to be by far the strongest of alL 
In the case of scheelite, which gave somewhat stronger in reflections 
than wulfenite, it was also found easily possible to locate the eighth order, 
whereas the sixth and seventh could not be found. It will now be shown 
that the chosen arrangement of molybdenum atoms relative to lead atoms 
and of tungsten atoms relative to raldmn atoms accounts for this great 
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abnormality. The oxygen atoms, certainly in the case of wulfenite, are 
too small compared with the other atoms to account for it. 

■ The arrangement of the planes of atoms that are parallel to the 111 face 
is, leaving the oxygens out of consideration, shown in Tig. 3- "The dis¬ 
tance corresponding to first-order reflection is also indicated on the figure. 

It can readily be seen that for first- 
J j 1 j order reflection there is considerable 

' J 1 f * ! J interference; in the second order this 

! | j 1 interference amounts to annihila- 

1 1 1 tion; in the third order there is inter- 

f>b Pb m. m. Pb b b-o ference to the same extent as in the 
Fig 3 Diagrammatic rental,on of fi but that in the {ourth ord er all 

of the planes reenforce each other. 
The* cycle is then repeated, complete reinforcement occurring again in the 
eighth order This is a very sensitive test of the arrangement. 

As far as we have proceeded, the structure will be seen to be of the same 
type as the structure assigned to zircon and to xenotime by Vegard. The 
remaining problem is the location of the oxygen atoms, and here no very 
satisfactory solution can be claimed. The arrangement of the oxygen 
atoms in wulfenite or sclieehte cannot be the same as the arrangement 
in either zircon or xenotime, for the observed 001 spectra are not normal 
as this would require Nor can it be the same as assigned by Vegard to 
anatase, for this would require for 110 a normal spectrum. 

An examination of the arrangement of the heavy atoms (e. g., those of 
lead and molybdenum) shows that this arrangement possesses holohedral 
symmetry Thus it lias a tetragonal screw axis with 4 symmetry planes 
parallel to it, two of which are reflection planes and two are glide reflec¬ 


tion planes, also an equatorial glide reflection plane with 4 diagonal axes 
parallel to it It thus becomes e% ident that the dissymmetry of the crys¬ 
talline substances is to be accounted for, either by the assumption of 
dissymmetry of the atoms themselves, or more likely by dissymmetry 
in the arrangement of the oxygen atoms. 

Some of the difficulty of further interpretation is illustrated by the 
spectra from the 110 planes. The relative intensities of the first 3 orders 
are for wulfenite, 91 100 50, and for scheelite, 67 : 100 :49. For the 

calculation of the relative intensities that a given arrangement may be 
expected to produce three assumptions are in accord with much of the 
published data - (1) Each atom contributes to the amplitude of the re¬ 
sultant wave an amount that is proportional to its atomic number, the 
resultant being found in the usual manner of vector composition- (2) 
The intensity is proportional to the square of the resultant amplitude. 
And (3), the intensity is proportional to that which would be obtained 
from a se* of equally weighted, equally spaced planes. This normal ratio 
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of intensities has usually been taken as roo : 20 : 7 or sometimes 100 : 30 : 
12. 1 If for the moment we neglect the requirements of symmetry and 
place the oxygen atoms in planes flhlf way between those already formed 
by the other atoms, we have an arrangement which will give as strong a 
second order as possible relative to the first. Taking as the normal ratios 
the more favdrable values 100 : 30 : 12, the calculated intensities be¬ 
come roo : 86 : 12 and 81 : 100 : 10, respectively. Even for this best 
arrangement the second order is not strong enough, and the third order 
is far too weak. Indeed it is not possible to find any way of introducing 
the oxygen atoms which will make the third order strong enough on 
the above assumptions, and any attempt to do so necessarily weakens the 
second order, which at best is too small. Similar difficulties are encoun¬ 
tered with some of the other planes. 

There are several possible reasons why the above assumptions prove 
inadequate. It may be desirable to assume higher values for the rela¬ 
tive intensities of the higher orders of a normal spectrum. Vegard has 
already done this in some cases. Possibly light atoms contribute more 
to the amplitude than an amount proportional to their atomic numbers. 
It may further well be that the reflecting power of an atom is dependent 
on its situation relative to neighboring atoms. On the experimental side 
a more precise definition of the area of crystal from which reflection takes 
place would be desirable. 

For advice and assistance in carrying on this work the author is in¬ 
debted to Dr. Arthur A. Noyes and to Dr. James H. Ellis. 

6. Summary. 

j. X-ray spectra from several planes of both wulfenite (PbMoOi) and 
scheelite (CaWO*) have been measured and tabulated. 

2. It has been shown that the face-centered lattice with the atoms so 
located as to form a "diamond” arrangement accounts in each case for 
the relative spacings of different planes, and for the density of the crys¬ 
tals. 

3. The arrangement of the heavier atoms relative to each other has 
been determined by a qualitative consideration of the relative intensi¬ 
ties. 

4. The difficulties in the location of the oxygen atoms have been dis¬ 
cussed. 

Pasadkha, California 

1 The proper set of values to choose is a matter of much uncertainty. We have 
found it possible to vary the ratio of the intensities of the first two orders from the 
too plane of sodium chloride from 100 30 down to too-1 j by narrowing the slit nearest 
the crystal by steps from l mm. to o.i mm. 
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OVERPOTENTIAL AND CATALYTIC ACTIVITY. 


By Eric K R ideal 

Received November II, 1919 

It is well known that the catalytic activity of metals in cases of hetero¬ 
geneous catalysis varies both with their natures and physical states, and in 
i a recent communication it was pointed out that a tangible explanation 
far the behavior of certain metals in a case of selective oxidation was to 
' be found in W M. Lewis’s application 1 of Krilger, Marcelin and Rice’s 
concept of activity to Harkins and Langmuir’s hypothesis of surface 
orientation in adsorption 

It seemed possible that another application of this concept might be 
found in the simplest case of heterogeneous catalysis, namely the libera¬ 
tion of gases at electrode surfaces The general course of an electrode 
reaction may be represented by the following typical example: 


iH* = 2H + a ® = H* 


making no assumption as to the possible hydration of the ions in solution. 
Caspari, Wilsmore, Le Blanc and others have shown that the liberation 
of hydrogen gas at an electrode surface is an irreversible process, or that 
there is always an overpotential {ij volts) in excess of that demanded by 
the free energy relationship Overpotentials are likewise to be found in 
the liberation of oxygen at anodes and m the deposition of metals and 
metallic hydroxides at electrode surfaces, but with the exception of the 
case of hydrogen where the phenomenon is well marked, little record is 
to be found in the literature 


Overpotential varies with the nature of the electrode, rising to high 
values for mercury, zinc, and lead and sinking to low values for nickel, 
platinum and copper. 

Of the more important theories which have from time to time been ad¬ 
vanced to explain the occurrence of overpotential, may be briefly men¬ 
tioned the following: 

1. The formation of unstable hydrides, a view advanced by Foerster 
and supported by Newbery, 2 

2. The variation in thickness of a poorly conducting gas film, a view 
originally suggested by Haber." 

3. An increased solution of hydrogen in the electrode, caused by the 


ISA Ch **- SoC -' l °S' *33’ ('914); '°7. (1915): ton, 55. *7, 796 ('916); in, 

1917 ’ u , 3 ’. 11! 1151182 <'9'9), «ee alto Lewi* and Jactaon, 

rroc. A m. Acad., 41,39 ; ( 1906 ) 

! A Chm. Sue., 109 , 1051 , 1359 (* 916 ). , 

‘ Z. Elektrochem , 8 , 539 ( 1902 ). 
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relative slowness with which the electrode charged with gas can get into 
equilibrium with the atmosphere. 1 

4. The presence of monatomic hydrogen, a view supported by Ban¬ 
croft* and Bennet and Thompson.* 

5. The variation in the surface tension of large and small bubbles of 
gas with which the electrode is in equilibrium, an hypothesis advanced 
by Helmholtz 4 and Mdller 6 and recently supported by Maclimes and 
Adler.* 

On the adsorption theory the following view-point may be advanced. 
At any surface when equilibrium is established between metal and the 
surrounding medium, the number of molecules striking and becoming 
adsorbed on the surface will be equal to the number evaporating, although 
the actual number liberated and adsorbed per second will vary with the 
nature of the metal. Under these conditions the free energy equation 


E = 



will hold for all metals. On the passage of current, however, discharge 
of hydrogen occurs with the formation of atomic hydrogen adsorbed 
on the metal surface (presumably by a pair of electrons, or one valence 
bond). The affinity of atomic hydrogen for another atom at room tem¬ 
perature is so large ( ca. 80,000 cal. per g. mol.) that immediate com¬ 
bination between neighboring atom pairs occurs, resulting in the forma¬ 
tion of molecular hydrogen, which, however, is still attached to thd metal 
by each atom, a hydrogen molecule occupying two elementary spaces on 
the metal surface. For very small currents, in rapidly agitated electro¬ 
lytes and with metals which do not hold the molecules very firmly it will 
be evident that the rate of removal of the gas away from the surface by 
evaporation may quite easily approach the rate of supply of the gas 
ions, and no overpotential will result. On the other hand, if a molecule 
of hydrogen has to be vaporized before two empty spaces are left on the 
metal surface few the gas ions, it is evident that actual work has to be done 
by the gas ions in vaporizing the molecular hydrogen. Overpotential 
is thus primarily a measure of the energy necessary to desorb hydrogen gas 
from a metal surface. Two factors, however, permit of relatively large 
currents being passed for only a slight overpotcntial; one is the normal 
evaporation into an unsaturated electrolyte, similar to the so-called dif¬ 
fusion current, and the other is the tendency to the formation of bubbles. 

1 Nernst, Ber., 30, 1547 (1897). 

* J. Pkyt, Cbm., m , 396 (1916). 

1 1 M ., so, 296 (1915), 

4 Tkeorie 4er Warm*, p. 309. 

‘ Z. phytik. Chm., 65 , ( 1909 ). 

* This Jfouuut, 41,194 (1919). 
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'The hydrogen molecules attached to the metal surface are not at rest 
but are performing highly damped oscillations, and if the adsorbing 
forces are not too strong molecules can coalesce to form small bubbles, 
especially around small points, which, as has already been pointed out, 
will affect the electrode potential. 

We should therefore expect bubble size to be an important factor in 
the 17 value when the energy of desorption per gram molecule is small, 
but for large values of the latent heat the molecules are less mobile and 
bubbles are not formed so easily, consequently bubble size should have 
but a small influence on the overpotential. Confirmation of this deduc¬ 
tion was obtained from experiments, on the influence of temperature on 
overpotential which are detailed later. 

The desorption theory of overpotential is also supported from another 
point of view. Calculation from Bohr’s theory 1 of the structure of the 
hydrogen molecule indicates that 21,000 calories per gram molecule is 
required to remove an electron from one atom to the other in a hydrogen 
molecule, which, according to the theory alluded to above, is the critical 
energy increment of the activation of hydrogen gas in free space, being 
of course less than that necessary for the formation of atomic hydrogen, 
which requires another increment of energy. This critical energy incre¬ 
ment can be equated to the electrical energy required to desorb a grarn- 
molecule of gas from an electrode surface, or, 

96,540 X 2 .. 

- X 17 = 21,000, or ij = o 455 volt. 

4-2 

It follows that metals having 17 values equal to or exceeding 0.455 v «lt, 
should, if used as catalysts in hydrogenation processes, show no activity 
since the energy necessary for desorption exceeds that necessary for the 
activation of hydrogen in the gaseous state, in the absence of a catalytic 
material. 

It may be noted in passing that electrolytic reduction with metals 
possessing 9 values > 0.455 v °lt should be able to effect the reduction 
of substances which are not amenable to the catalytic process, further 
that no metal can possess an overpotential exceeding the value for which 
the energy exceeds that necessary for the desorption of atomic hydrogen or 

96,540 Xi v „ „ 

—-—— X n = 80,000 or 9 = 1.80 volts. 

4*2 

Metals having an e value less than o 455 volt should show catalytic 
activity, since the adsorbed hydrogen will not be entirely immobilized; 
and the catalytic activity should increase with decreasing values in the 
overpotential. This can be seen from the following considerations; 

Imag ine a hydrogen molecule oscillating between two plane surfaces 

1 Phil. *6, I, 476 (1913). 
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situated parallel and close to one another, one plane surface being per¬ 
fectly reflecting, and the other adsorbent. Every time the molecule 
strikes the reflecting surface it will be returned to the adsorbent one. 
Here it will oscillate in the field of attraction until sufficient time elapses 
for it to acquire energy by impact from other molecules or by radiation 
sufficient to permit of oscillation outside the range of attraction and re¬ 
gain the other surface when it will be reflected de novo. The altera¬ 
tion of the energy content of one molecule with the time is analogous 
to the energy distribution among a number of molecules at any given 
instant according to Maxwell's distribution law. It is evident that if 
the energy required for desorption is large, or the value of y high, the rate 
of interchange will be small, and the converse for substances possesses 
a small desorption energy. There is consequently a greater opportunity 
for two molecules of different reacting species to become adsorbed in juxta¬ 
position to one another and so react than in the former case. Further, the 
rate of desorption or evaporation of the products of the reaction, which 
frequently governs the reaction rate, will be more rapid if the latent 
heat is small. 

The following figures indicate how closely the catalytic activity in 
hydrogenation processes is related to the overpotential: 


Metals l a order <rf decreasing 
catalytic activity (Sabatier). 

Nickel. 

Cobalt. 

Platinum. 

Iron. 

Copper. 


OvcrpoteutiaJ v volu. 


0.03 

-0.21 

0.03 

—O .OI 

0 09 

— 0.01 

0.08 


0.36 

-0.03 


Palladium (ij = 0.23 — 0.46 volt) has also a marked catalytic ac¬ 
tivity in certain hydrogen ion processes, while Dewar has shown that 
silver (ij = 0.05 — 0.15 volt) occasionally exhibits extraordinary ac¬ 
tivity. 

According to Sabatier, the following metals are inactive in catalytic 
hydrogenation processes. 


Mct&t Overpotential 9 volts. 

Tin. 0.43 to 0.53 

lead... 0.42 to 0.78 

Mercury... 0.35 to 0.64 

Zinc. 0.66 to 0.70 


» It will be noted that the figures given for the overpotentials fluctuate 
within somewhat wide limits; thus different samples of copper may give 
Values within the ranges 0.03 and 0.36 volt. Tliis fact is in perfect ac¬ 
cord with our knowledge of the variation in catalytic activity of this 
metal. H. S. Taylor and the writer have shown that a sample of ordinary 
copper wire will only appreciably catalyze the combination of hydrogen 
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and oxygen at a temperature of 350°, while “active” copper produced by 
alternate oxidation and reduction is operative at 70 0 to 90 Bright 
platinum 9 = o 09 volt) is ineffective for the oxidation of ammonia to 
nitric oxide, gray platinum (9 = 0.06 volt) is extremely active, while 
blade platinum (9 = 0.01 volt) is found to be much too active for this 
conversion, nitrogen being formed in relatively large quantities. 

Experiment has shown that in the case of copper also, there is a 
dose relationship between catalytic activity and overpotential. It ap¬ 
pears probable that these fluctuations in catalytic activity and over- 
potential in the same metal may be ascribed to the same cause, a differ¬ 
ence in the surface structure of the metal. Under the microscope these 
differences are noted usually as a transition from a crystalline inactive 
variety to a powdery amorphous, occasional!}’ microcrystalline active 
variety. The crystalline form may be converted into the active variety 
by a process of continued catalysis or by the continuous liberation of 
hydrogen at its surface. Metals deposited by a high current density are 
more active and possess a lower overpotential than those deposited under 
normal conditions, an indication that the elemental, cubic space lattice 
of the crystal is not so active as residues or fragments of the cubes from 
which one or more comers may be missing. In electro deposition the 
metallic ions tend to build up on the active form, and the same holds 
true for colloidal materials undergoing cataphorctic deposition. This 
gives an explanation, already proposed by Bancroft, for the formation 
of good deposits by such addition agents, and readily interprets Moller 
and Pring’s observations 1 that a colloidal addition agent which lowered 
tfie surface tension of the electrolyte, and according to the bubble theory, 
should lower the overpotential also, actually raised it The colloidal ad¬ 
dition agent is deposited on the active areas of the electrode, leaving the 
less active areas exposed to function as the electrode, which consequently 
acquires a higher overpotential. 

Sufficient data are not available to determine whether there is any re¬ 
lationship between the overpotential values and the quantity of colloid 
retained by the deposited metal. It might, however, be anticipated that 
metals exhibiting a high overvoltage or possessing a high latent heat 
of desorption for hydrogen would possess similar values for positively 
charged colloids, which cm deposition would consequently not return 
so readily to the electrolyte. Mathers and Overman* state that 350 g. 
of peptone is adsorbed per ton of lead deposited from a perchlorate elec- 
trolyt eor one g. of peptone will protect only 143 gram molecules of lead. 
Silver deposition certainly requires a far smaller quantity of protecting 
agent. 

1 J . Chem. See., res , 71* (1914). 

* Tram. Am. Electrockem Soc., 13,441 ( 1909 ). 
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In previous investigations it has been assumed that the energy required 
for the desorption of a product could be equated to the latent heat of 
evaporation. The above mentioned considerations however lead us to 
suppose that the latent heat of desorption is not equal to the latent heat 
of evaporation but varies with the nature of the surface from which the 
film is evaporating. On the Tadiation theory the latent heat of desorption 
'per gram-molecule must be given by the equation, E — Nh (v reactants — 
v products), in which both metal and hydrogen must be included. The 
following preliminary considerations on this point are given with reserve 
since it is hoped to make the more xact analysis the subject of a future 
communication. 

In the case of sublimation or even fusion, and vaporization when the 
melting and boiling point lie close together, according to Trouton’s rule, 
the latent heat of change is proportional to the temperature at which that 
change of state takes place. The vibrational energy of the surface mole¬ 
cules at that temperature is approximately 3 RT or the latent beat of 
change is proportional to the surface vibrational energy of molecules. 
If we assume that the energy for vaporization is supplied by radiation, 
the frequency of the radiation v is given by the relationship 

L = hv, 

where L is the latent heat of sublimation and h, Planck’s constant. It is 
generally assumed that in infra-red radiation the radiator is an atom; if 
we further assume that the frequency of the radiant energy and of the 
radiator are the same, then the frequency of the atom just before leav¬ 
ing the surface is v and its kinetic energy is l /t maV, where m is its mass 
and a the amplitude of vibration. The total kinetic and potential energy 
of the vibrating atom is therefore maV acquired by radiation hv, or 
maV = hv. It can easily be shown that this relationship is only a very 
approximate one, since it follows that T/v, where v is the vibration 
frequency of the surface molecule at the temperature of sublimation T 
should be constant. 

An approximate value for this ratio for a number of elements is 2.5 X 
Exceptions art, however, very frequent, especially at very low 
or very high temperatures. 

Ia the case under consideration the hydrogen molecule may be regarded 
as attached to neighboring metal atoms, atom to atom, and to oscillate 
with them but with different frequencies. The metal atoms vibrate 
with their natural frequency in the infra-red. The hydrogen molecule, 
however, although it can vibrate in the two directions parallel to the 
plane of the metal with its natural frequency, yet in the plane perpendicu¬ 
lar to the metal surface has a frequency which is very different At a 
Cfc ri*in distance from the metal surface there is a position of zero atirac- 
for the hydrogen atoms. An atom approaching within this distance 
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will suffer a repulsion, while an atom receding from this point will undergo 
attraction until it passes outside the range of molecular action. 1 Each 
atom on the surface possesses a kinetic energy per se, the magnitude 
of which will, however, vary from instant to instant just as the num¬ 
ber of atoms possessing different amounts of kinetic energy distributed in 
a collection of atoms at any given instant according to Maxwell’s law 
of distribution, so the energy content of one atom must vary from second 
to second. The atoms consequently oscillate on the metal surface by 
virtue of their own kinetic energy, which appears as a damped vibrational 
movement under the influence of the attractive and repulsive forces; 
every now and then one atom or molecule acquires sufficient kinetic energy 
to vibrate outside the attraction zone of the metal and consequently is 
evaporated or desorbed. Thus from the latent heat of desorption it is 
possible to calculate the energy required to remove an atom from the posi¬ 
tion of zero attraction to a position outside of the range of molecular at¬ 
traction. If this energy be supplied by radiation, then, assuming the con¬ 
ditions already referred to, it is possible to calculate both the amplitude 
and the vibration frequency of this forced vibration. 

In the case of silver the mean value of the overpotential appears to be 
o to volt ± o 05, giving an energy of desorption of 4,300 cal. per gram 
molecule or 3 X io~ u (*x 5 X io~ ls ) ergs per molecule. The aver¬ 
age kinetic energy of a hydrogen molecule at o° is 3 69 X io -14 ergs. 
The energy of desorption is thus nearly 10 times that possessed by the 
molecule at that temperature Assuming this energy to be acquired by 
infra-red radiation, then since E = h> 


V 


3 X lo- 11 
6.55 X ro- J7 


; or v = 4.6 X io u ( ± 


2.3 X io u ) 


being the vibration frequency of the hydrogen molecule and consequently 
that of each atom. We may regard the hydrogen atom and the adsorbing 
silver atom as vibrating identical distances with necessarily different fre¬ 
quencies. On equating the kinetic energies of the two masses, 

tnaV = MaVi*. 

where w is the mass of the hydrogen atom, M the mass of the silver atom, 
a the amplitude of each atom, and v and ri their respective frequencies. 
The atomic weight of silver is 108, hence its vibrational frequency is 


ri 


4-6 X io 18 
Vto8 


4.5 X io u . 


Lindemann’s formula gives us a value of 4.36 X io l *. 

The mass of a hydrogen atom is 1.634 io - * 4 g., its energy in the ad- 
snrbed state is 1.5 X io" 1 * (*0.75 X erg*, hence its velocity is 
* langmtdr, Pkys. 8,144 (1916). 
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3 X io 4 (=*=1.5 X io‘) cm. per second. If its vibration frequency is 
4.6 X io l * (*2 3 X io u ) the average distance of travel, or average 
amplitude is v/v or o 8 X 10 8 cm. This must, therefore, be the range 
of molecular attraction beyond the nearest point of approach of the atom; 
the total distance calculated by other methods is approximately a X io _s 
cm. 

In the following table are given the mean overpotentials of a number 
of elements, the energy of desorption in cal. per gram-molecule, —A U, 
the vibration frequency of the adsorbed atom of hydrogen and that of 
the adsorbing metal calculated therefrom The metal frequencies cal 


culated from I.indemann’s formula are gu en for comparison 

Overiiotcntlat »X10->* »XlO->= 

*X 10-‘“ 
Metal calc 

Metal 

volts 

1 U 

Hydrogcii 

Metal 

(Lmdemaan) 

Ag 

0 10 

4.300 

4 6 

4 5 

4 36 

Pt 

0 08 

3,6oo 

4 * 

3 0 

4 36 

Cu 

0 T 3 

5,800 

6 13 

7 

6 7 

Ni 

O 12 

5 >200 

5 6 

7 5 

8 2 

Pe 

O OS 

3,660 


5 3 

8 3 

Au 

O 02 

1,000 

x r 

0 8 

3 4 

Pd* 

O 23 

10,250 

11 0 

10 9 

5 7 

* The heat of formation of "palladium hydride” is given as 300 cal 
rect. would correspondingly reduce the overpotential value 

which, if cor- 


In the metals gi\ en below, active hydrogen is the desorption product 
and no relationships obtain between the calculated values and those ob¬ 
tained from Lindemann’s equation. 


Hg 

0 78 

34*700 

38 1 

27 

« 24 

Zn 

<5 70 

31.000 

34 ' 

43 

4 36 

Sn 

0 53 

23.700 

26 1 

23 

2 24 

Cd 

0 48 

2 1,200 

23 3 

22 

3 0 


In spite of the great latitude in the overpotential values recorded and 
of the assumptions made as to the material nature of the radiator as well 
as to its independent oscillation in one plane, there is a rough agreement 
between the two values for the radiation frequencies. It is interesting 
to calculate these values for a hypothetical solid hydrogen electrode. 
Eucken 1 gives the latent heat of vaporization of hydrogen as 230 cal.; 
the latent heat of fusion may be taken as approximately equal to that of 
nitrogen, giving a latent heat of sublimation of 390 cal., the kinetic 
energy of the hydrogen molecule after desorption, vis., 3 RT not being 
supplied by radiation. Hence to desorb hydrogen from a hydrogen 
electrode would require an overvoltage of only 0.009 volt and a cor¬ 
responding radiation frequency of 4,30 X io u , a very close approximation 
to lindemaan’s figure of 4.36 X io w . 

1 B$r. Pkys, Get., 18, 4 (19x6). 
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EXPERIMENTAL. 

The Influence of Temperature on Overpotential. 

In order to establish the conclusion that overpotential might be influenced 
by bubble size in elements possessing a small overpotential but not for those 
e lemen ts with a high value, experiments were conducted with electrodes 
of platinum, copper and zinc. Maclnnes and Adler 1 showed that for 
overpotentials of the order of o ooi to o 002 volt there was a rough 
agreement between the observed bubble diameter and the calculated 
value. Owing, however, to the difficulties of measurement the error 
varied from 30 to 50%, it was dearly impossible so to refine their method 
for the very minute bubbles to be expected with high overpotential values. 
Accordingly attempts were made to determine the temperature coefficient 
of the overvoltage. 

If the overvoltage is a simple function of the bubble size, then the 
temperature coefficient according to the relation, 96,540 X 2 X >1 = 3RT/ 
pr y is, dti/dT - K'I(dy/dT) + Ky, where K = 3^/^96,540 X 2, r 
being the bubble radius, p the gag pressure, and y the surface tension. 

The expression. —T dy/dT, is equal to the latent heat of extension of 
the film, which m the case of water was found by Kelvin to be equal 
to half the work required to form the film, or '/»>; hence dit/dT =» 1.5 
Ky, or 1 5 17 IT Sheet metal electrodes were employed, each side 3 11 
sq. cm in area The electrodes were coated with a relatively thick film 
of electrolytically deposited metal and were subjected to the cathodic 
liberation of hydrogen mo 1 N sulfuric add for 48 hours before use The 
overvoltages in o 1 N sulfuric acid, maintained at suitable temperatures 
in a thermostat were determined by means of an auxiliary o 1 N calomel 
electrode with acid of the same strength as the junction liquid, utilizing a 
Leeds and Northrup type of potentiometer. The potential of a hydrogen 
electrode, of the type suggested by G. N. Lewis, was determined under 
identical conditons. The overpotential was accordingly given by the 
relationship, 7, = E/M t — E/H t. E/M t and E/H t being the observed 
potential differences for the metal and the hydrogen electrodes at a 
temperature / Errors due to liquid junction potentials and te mp erature 
differences were thus eliminated. The following values were obtained: 

Correnl deiwity TcmpM-ilure, 23» 33” 43' )A*. * 3 '. 

Metal MiHiamm per Ki cm Overeo!ta*u in miflirolte 

Platinum 16 Sj , 3 OJ . 

3 2 8,3 6.0 (to 3 0 0,3 

48 10 8 11 O 5 .3 3.0 3.3 

80 11.8 11 o n.o 8 6 7.4 

to 4 ij 8 rj 6 12 7 tt .0 9.% 

^ *2 18 1 * 7.7 16.0 13.3 13 ,9 

Mean value dij/hr millivolts per degree , 0.13 o 19 0.23 0.13 

Mean value obs. 017 millivolt per degree. 

.. 0.053 millivolt per degree at 37*. 

1 Ts» JorauMt, 4*. 300 hmb 
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Temperature, 20 . 5 *. 

30 . 5 , 40 . 5 . 

50 . 5 . 

60 . 5 . 67 , 

topper.... 

,.. i .6 

103,4 

71-2 37 -I 

12.7 

♦. 


3.* 

130.4 

105.6 76.4 

56.4 

40.5 23,8 


4.8 

130.4 

121.9 93.4 

73-4 

56.S 4 * .5 


8 .0 

165.9 

14a .4 107 .4 

90.5 

72,5 62,0 


10.4 

166.9 

147.4 107.9 

98.5 

79.0 73.0 


16.0 

190.0 

166.4 130.4 

I JO.O 

90.4 — 

Mean value ?yn/i>T mflKvolts per degree ... 2 

■5 3-3 « 9 

1 8 

1.3 

Mean value obs. 

. 3 .2 milivolts per degree. 



Calc. 

. 

0.5 millivolt per degree at 37°. 





Temperature, IS". 

35 

45 . 

55 . 

Zinc... . 

. . 1.6 

655.0 

6540 

655 -9 

633.1 


3-2 

658 8 

656.0 

634.9 

633.1 


4 8 

665 ,4 

658 7 

654 9 

655-1 


8.0 

67s .7 

663 7 

655-9 

661. i 


10.4 

679 1 

665 7 

656.9 

661,1 


r6.o 

680.0 

672 .2 

658.9 

663,0 


Mean value di|/dl" miliivolts per degree. . 040 0.54 0.0 

Mean value obs. 031 millivolt per degree. 

Calc. 3.2 millivolts per degree at 37 *. 


It will be noted that in the case of zinc there is no relationship between 
the observed and calculated potential temperature decrement, the total 
variation over nearly 40 0 being only 2 r ' r . In the case of copper and 
platinum a definite temperature coefficient is observed which, however, 
is considerably greater than the calculated value, although in the case of 
copper its variation with the temperature is as would be expected on 
the basis of the bubble theory. The large value of the coefficient must 
in part be attributed to the greater mobility (at the higher tempera¬ 
tures) of the hydrogen molecules attached to the surface, permitting the 
formation of larger bubbles, and also to the increased diffusion rate of the 
dissolved hydrogen from the electrode surface permitting a greater evapo¬ 
ration rate, with a consequent increase in the current density before the 
maximum value of the overpotential is obtained. The following calcula¬ 
tion gives an approximation to the ratios of the current densities re¬ 
quired for the. metals before the overpotential reaches a maximum. The 
latent heats of desorption of hydrogen from platinum, copper and zinc 
are, respectively, 3,600, 5,800 and 31,000 cal. per mol. The number of 
molecules possessing sufficient energy to leave the surface at any time is 
given by the relation NJN ■=* e^, where N t molecules out of N 
molecules are capable of evaporating. 

For a temperature of 300 0 K. we find that one molecule in 10“ for 
platinum, one in to 4 ’ far copper and one in io M for zinc are capable of 
evaporation. No data appear available to determine the absolute rates 
of evaporation under these conditions. It may be noted that as one sq. 
Oh. of surface will adsorb 6.1a 14 molecu le s while a milliaropcre will de* 
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posit 3. io ls molecules per second, evaporation must, therefore, be rela¬ 
tively rapid. In any case, although the absolute rates are unknown, 
the relative evaporation rates give us a measure of the relative current 
densities necessary to keep the surface permanently covered with hydro¬ 
gen, the condition for the occurrence of the maximum overpotential 
effect. The figures given above indicate that small currents polarize 
zinc much more easily than copper or platinum. 

Oveipotential and Electrode Surface. 

The alteration of the overpotential with the nature of the surface 
is well marked in the case of platinum and, according to the previous 
discussion, the same should hold true for all catalytkally active metals. 
The following figures illustrate the magnitude of these changes in the 
cases of copper and zinc. 

An electrolytic copper electrode was made the cathode in a o.i N 
sulfuric add solution, hydrogen being continuously and rapidly disen¬ 
gaged at its surface, the overpoteutial being determined from time to 
time. It was found that there was a continuous fall in the ,, value and 
the bright crystalline appearance of the metal was replaced by a honey- 
oomb-like amorphous layer occasionally yellowish brown in appearance. 
The observed values were as follows 


Time 

Hours 

Overvoltage, * 

[8 milliarnpercs per 
aq cm ) w 

Appeurancc 

O 

0 364 

roierocrystaJline, bright 

24 

0 284 

reddish 

48 

0 178 

brownish, amorphous 

.56 

0 166 

brownish, amorphous 


It would appear possible to reduce the overpotential of copper to the 
lowest figure recorded, viz., 0.03 volt by continued treatment. At higher 
temperatures this change takes place somewhat more rapidly, at least in 
the earlier stages. 


Time 

Hour* 

Temp. 53° 0 

] 

2 

3 

*> 


Overvoltage, * 
{8 nuUiampere* 
Per mi cm ) *. 

0-341 

Q.aoB 

0 178 
o 169 
o 161 


Very spongy copper deposited by high current densities will, if oppor- 
tunity he given for the occluded hydrogen to escape, rapidly acquire a 
relatively low overpotential. , 7 1 


Time, 

Hours 


Overvolt***, 4 {* mini* 
ampere* pa *4. cm.) 


0 . 3*5 

0.140 

0.139 


Temp. 2©.3°. 


o 

3 

5 
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In the case of zinc these differences in overvoltage are much less marked 
as will be noted from the following figures: 


Time. 

Orerrottage. 8 miUi- 

Appearance 

Hours 

amp*rea per sq era 

O 

0.841 

bright, metallic crystalline 

*5 

0 727 

slightly dull 

48 

0.673 

distinctly gray 


Catalytic Activity and Overpotential. 

A small strip of copper was alternately oxidized and reduced 
by hydrogen until it began to show signs of catalytic activity to¬ 
ward a hydrogen-oxygen mixture. The temperature at which traces 
of water were being formed, which frequently coincided with 
the appearance of changing oxide films on the metal surface, was 
noted, the metal being then removed and placed in the cell for the 
determination of its overpotential. Although as a result of a number 
of experiments no direct relationship between the overpotential and the 
temperature of apparent catalytic activity could be found, yet in all 
cases the overpotential fell with the temperature, or with the increase 
of catalytic activity, as will be noted from the following figures: 


Temperature of 
catalysis Degree* 

Overpotential 

Volts 

300 

0 362 

280 

8 353 

260 

0.328 

250 

0 306 

230 

0.238 

*50 

0 195 


It would appear, however, that the fraction of the total surface which 
has to be operative to reduce sensibly the overpotential is much greater 
than that necessary to effect an appreciable difference in catalytic ac¬ 
tivity, indicating that the metallic catalysts as ordinarily prepared are 
comparatively inefficient and should be capable of great improvement. 

Summary. 

It is suggested that overpotential is a measure of the energy required 
for the desorption of hydrogen from a metallic surface. 

Metals with low latent heats of desorption are catalytically active, the 
activity increasing with decreasing overpotentials. Metals with over- 
potentials exceeding 0455 volt are catalytically inert and no metal can 
po&ess an overvoltage exceeding 1.80 volts. 

The calculated values of the catalytic activities of the metals are in 
agreement with Sabatier’s qualitative observations. 

A tentative suggestion for the mechanism of the process of desorption 
on the radiation hypothesis is advanced. 

U»****, bunota. 
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NOTES. 

Correction. —Lieut. E. B. Vliet has called our attention to a number of 
errors in the numbers appearing in the last column (headed "% deviation”) 
of Tables I and III of the paper on the General Boiling Point Law in the 
May Journal (pp. 732 and 735). In Table I, the first number should 
read 1.45 instead of 0.24. In Table III the numbers given in the last 
column should be stricken out. The corrected values may readily be 
computed from the data in the two preceding columns. The foregoing cor¬ 
rections do not affect the remainder of the paper in any essential respect. 

Edward W. Washburn and John W. Read. 


Correction.—In the recent paper by Keyes and Felsing 1 on ‘‘The 
Equation of State for Liquids and Vapors. 1. The Vapor Phase of 
Ethyl Ether,” the following corrections should be made: 

P. 594: Equation 5 should read 

RJ _ A, 
v — S, (v— /,)*' 

P. 597: 3rd paragraph, middle of page. 2nd sentence, replace “Equa¬ 
tion 2” by “Equation 1,” and insert “scale” between “no” and “correc¬ 
tions” immediately following. 

P. 597: footnote 3, omit the last sentence, beginning "Strictly . . 

P. 610: Table II. The columns should be headed, beginning with 
the second column 


S, S, 




<Pt 4>- 


P. 611: Third sentence on the page reading “The equation.” 

change e to l and change corrections to correctness. 

P. 611: In Table III change the number 7058.6 in the pressure equa¬ 
tion to 7050.6 

P. 618: In Table VI set 2A = 6.1748 33 6.216 = ft instead of 20 a <= 
6.748 s 6.216 * ft. 


Massachusetts Iwititut* of T*cmoioov, 
CAXmsos, Mass. 

1 This Journal, 41,589 (1919). 


Frederic G. Keyes. 
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[Contribution prom the Chbhical Laboratory of the University of 

Michigan. 1 

FOUR-MEMBERED CYCLIC UREAS. III. THE CONDENSATION 
OF ISOCYANIC ACID WITH ALKYL SCHIFF BASES 
AND RELATED COMPOUNDS.’ 

By Wn.ti.AM J . Hale and Norbbst A. Lanob. 

Received September 6, 1919. 

In our previous communication 2 attention was drawn to the fact that 
the addition of isocyanie acid to a Schiff base, where ail ethyl group was 
attached to a*nitrogen of the —N : C . complex, resulted in the forma¬ 
tion of a diketocyanidine. Two molecules of isocyanie acid were found to 
enter into condensation with one molecule of Schiff base. The reaction 
is exactly analogous to the polymerization of isocyanie acid to cyanuric 
acid and finds its counterpart in the work of Staudinger, 1 who showed 
that two molecules of isocyanie acid condense in similar fashion with one 
molecule of a ketene. 

For the further study of this reaction just mentioned, we have prepared 
the benzylidene derivatives of 3 normal primary alkyl amines by condensa¬ 
tion of the latter with benzaldehyde. These alkyl Schiff bases were made 
thus to condense with isocyanie add and to yield the expected triazines: 
from benzylidene propylamine, 1-propyl-6-phenyl-2,4-diketohexahydro- 
cyanidine (I); from benzylidene butylamine, the corresponding i-butyl 
derivative (II); and from benzylidene amylamine, the corresponding 
1-amyl derivative (III). When, on the other hand an aryl group is at- 
(I) CtHs CHj.N—CH.C»H» (II). C 1 H,.(CH,),.N-CH.C,H, 

M II 

oc NH OC NH 

II II 

HN—CO HN—CO 

(III). C»Hi (CHj)i.N—CH QH t 

I s 

OC NH 

I I 

HN—CO 

tached to the nitrogen of the —N : C : complex of a S chiff base we have 
shown that the base now reacts with only one molecule of isocyanie add 
to the production of a 4-membered cyclic urea or uretidone (see Papers 
I and II of this senes).* The reaction is now being studied in more de¬ 
tail. 

1 The work described in this article forms part of a thesis submitted by Norbert A. 
Lange, in partial fulfilment of the requirements for the degree of Ooctor of Philosophy 
in the University of Michigan. 

! This Journal, 41,379 (1919). 

* Ann., 374, u (1911); Ber., go, 104a (1917). 

‘This Journal, 41, 370, 379 (1919). 
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We have thought now to apply this study to other compounds con¬ 
taining the —-N : C : complex or, as we shall call it, the carbimino nucleus. 
With Schiff bases the nitrogen of this nucleus is attach ed directly to an 
alkyl or aryl group. We have endeavored to condense isocyanic acid 
with compounds containing this carbimino nucleus where the nitrogen 
is attached to amino derivatives. For example, the compounds benzyli- 
dene-phenylhydrazone, (QHi.CH : N.NH.C*H»), benzylidene as-di- 
phenylhydrazone, (C«H».CH : N.N(C*H»)»), and also benzyiidene-benxyl- 
hydrazone, (C«Hj.CH : N.NH.CHj.C*Hi), were each investigated in this 
direction. Of these compounds neither the first nor second showed any 
tendency to add cyanic add at low temperature and in glacial acetic acid 
solution. The first, however, is reported 1 as adding phenyl-isocyanate 
to the imino position during warming to 170° after the manner of the 
WOhler synthesis, producing i-benzyhdene-2,4-diphenyl-semicarbazone. 
The imino hydrogen in the last named of the 3 semicar bazone compounds 
offers indeed a ready point of attack for isocyanic add itself, as has just 
recently been demonstrated by Bailey and Moore, 1 and the products 
resulting, or r-benzylidene-2-benzyl-semicarbazone, (C»H*.CH :N. 

NH 2 ) .CHj.CJh), no longer is able to add isocyanic add. This 
general type of condensation of isocyanic add with imino hydrogen has 
been investigated in detail by Busch and Walter* and by Bailey and Read.* 
It would seem possible to effect the addition of isocyanic add to a dl- 
substituted N-anuno derivative of the carbimino nudeus (». e ., to the 
type R*N—N : CHR) but more than likely phenyl isocyanate or other 
ethers of this add will constitute the proper means of attack. Bailey and 
Moore already have reported the addition of isocyanic add to benzal- 
azine, a compound possessing two carbimino nuclei (C«H».CH : N- 
N : CH.C*H,). 

Though the work of these authors cannot at this time be discussed in 
detail, it has seemed advisable to us to investigate this tendency for 
imino hydrogen on the one hand and the carbimino nudeus on the other 
to enter into condensation with isocyanic add. Thus, as just stated, 
Bailey and Moore prepared 1 - benzy lidene-2 -benzy 1 -semicarbazone (V) 
by the action of isocyanic add upon benzyiidene- b enz ylhydraxonc. 
Their description of the work, however, coupled with the statement 
that the product did not undergo hydrolysis when subjected to distilla¬ 
tion with steam in the presence of a small amount of sulfuric add raised 
considerable doubt in our minds as to the exact manner in which the iso¬ 
cyanic add had attached itself. From our earlier publication it may be 

1 Busch and Walter, Ber., *6,1360 (1903). 

• This Jouaw-ii, 39 , (1917) 

• Ber ., 36,1359 (1903). 

• This Jocskaj., 37, 935 (r 9 i 5 ), 
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inferred that isocyanic add could add directly to the carbimino nucleus 
and result in a compound of structure (IV). If, on the other hand, the 
attack took place on the imino hydrogen we should obtain the compound 
V as reported by Bailey and Moore. In either case the product should 
be capable of hydrolysis with liberation of benzaldehyde and a semi- 
carbazide, i-benzyl-semicarbazide (VI) if from a compound of Formula 
IV and 2-benzyl-semicarbazide (VII) if from a compound of Formula V. 
C*H,.CH».NH.N CH.C.H, 

■f HNCO 

/ \ 


C*H,.CH».NH.N—CH.C.H, C,H l .CH,.K.N:CH C.H, 


(IV). 

1 1 or 

1 

(V). 


OC—NH 

CO.NH, 



1 (Hydrolyzed) 

1 




C*H».CHj.N.NH» 


(VO. 

I or 

1 

(VII). 


CO.NH? 

CO—NH, 

1 

C t H t .CH,.NH.NH, 

(VIII). 


The semicarbazides (VI) and (VII) have both been reported in the litera¬ 
ture. The first (VI) was prepared by Kessler and Rupe’ by the reduction 
of benzylidene-semicar bazone (C«Hs.CH : N.NH.CO NHj) through 

the action of sodium amalgam and alcohol. The pure product melts at 
155 0 and its hydrochloride at 178-180°. The second (VII) was prepared 
by Curtins* through the action of isocyanic acid upon benzylhydrazme. 
The compound which Curtius obtained melted not sharply at 135 
He assigned to it the formula of a 1-benzyl-semicarbazide (identical with 
VI). Its strong basic properties, however, led Busch, Opfermann and 
Walther* to identify it as a 2-benzyl-semicarbazide (VII), which they re¬ 
ported as melting at 127-128°. Later the work of Kessler and Rupe 4 
eliminated all possibility of the Curtius formula for this com¬ 
pound in that they actually prepared the 1 benzyl-semicarbazide (see 
above) whose properties in no wise tallied with those reported by Curtius. 
We must conclude, therefore, that isocyanic acid attacks preferably the 
Imino hydrogen in benzylhydrazine (i. at the a-nitrogen position). 
This has appeared to be a general conclusion for alkyl hydrazines, but 
for aryl hydrazines the ( 3 -position (t. <?., the amino hydrogen) affords 
also a likely point of attack, the more stable type of compound thus re- 

C lting. If, as is common, the a-position is first attacked the more tar 

>s labile product may be transformed by gentle heat into the stable 
1 43 , *6 (1912). 

* /, prakL Chem., [*) 6a, 97 {19O0). 

’ 37, 2313 (1904) 

4 Lot. (it. 
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0 -form. According to Busch, Opfermann and Walther, 1 if a benzoyl 
hydrazine is subjected to the action of mustard oil or an alkyl isocyanate 
this strongly negative aroyl group forces the point of a tt ack altogether 
upon the 0-nitrogen position. The distinctly active character of the 
tmino hydrogen as against the amino hydrogen may further be seen in 
the action of chloroacetic acid upon hydr azi n o-acetic acid (HjN.NH.- 
CHj.COOH) to give hydrazinodiacetic add (HjN.N(CHjCQOH)*).* 
Phenylhydrazine and chloroacetic add react similarly to give os-phenyl- 
hydrazinoacetic add (HjN.N(C«Hj).CHj.COOH). 

From the consideration just stated we may easily interpret the action 
of isocyanic acid upon benzylhydrazine as attacking the a-nitrogen posi¬ 
tion and leading to i -benzyl-semicarbazide as reported by Busch el al. 
No statement, however, is made by these authors as to the possibility 
of transforming their 2-benzyl-semicarbazide into a i-benzyl-semicarbazide. 
Their general rule indeed would seem to eliminate this possibility in that 
they state that methyl- or benzylhydrazine takes up mustard oil or alkyl 

isocyanates exclusively upon the a-nitrogen and the resulting 2,4-sub- 

432 1 

stituted compound (e. g., CjHi.NH.CO.N(CH*.C«Hi).NHs) does not suffer 

4 3 

transformation into the 1,4-substituted compound (e. g., CjH4.NH.CO.- 
2 1 

NH.NH.CHj.C«H»). In such examples as phenyl-isocyanate upon phenyl- 
hydrazine the 1,4-type of compound above results as may be gathered 
from one of the preceding statements.* In our experiments upon the 
2-benzyl-semicarbazide of Curtius and also Busch, et al., we now find that 
a transformation of this carbazide into the 1^substituted form (». e., 
i-benzyl-semicarbazide) takes place simply upon melting of the former. 
In those cases where allyl isocyanates were employed by Busch, el al., It 
may be assumed that the alkyl radical in the carbamino group affords 
greater stability to the molecule with the lack of any tendency to suffer 
this transformation. We prepared the 2-benzyl-semkarbazide by care¬ 
fully adding potassium cyanate to a odd aqueous solution of benzyl¬ 
hydrazine hydrochloride. The crystalline product thus separating was 
dried in vacuo and found to melt between 130° and 135 °. The slight solu¬ 
bility of i-benzyl-semicarbazide in cold chloroform and the ready solu¬ 
bility in this same solvent of the greater part of this product melting at 130- 
35° offered a simple means for the separation of the two semicarbazides- 
That part of this 130-35 0 product which could be taken up in cold chloro¬ 
form was immediately precipitated therefrom, by the addition of ligroin, 
in anal! flattened prisms melting at 135-6°. The minute portion remain¬ 
ing undissolved by the chloroform consisted chiefly of the higher melting 
1 Lot. til., p. 2330. 

* J- Pro**- Chem., [a] 83* 273 (1911); This Jooisal, 36,1747 (1914). 

* Ber„ 36,136a (1903}. 
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but its presence was just sufficient to render difficult any 
attempts to determine the correct melting point of the 130-35° product 
OrH ti*, however, possibly by repeated and careful crystallizations, 
actually isolated the pure compound (m. p. 135 °), whereas Busch, 
Opfermann and Walther undoubtedly had a compound slightly contam¬ 
inated with a little of the i-benzyl-semicarbazide and hence the lower 
and inexact melting point, 127-8°. 

When condensed with benzaldehyde at ordinary temperatures the pure 
2-benzyl-semicarbazide yielded the well known r-benzylidene-2-benzyi- 
semicarbazone (V) melting at 155.5 0 , the same compound as reported by 
Busch et al., but with slightly lower melting point (153-154°)- When 
the 2 -benzyl-semicarbazide was melted and the cooled product crystallized 
from alcohol beautiful, glistening leaflets of 1 -benzyl-semicarbazide, melt¬ 
ing at 155-6 °, were obtained. This final product was now shown to be 
identical with the i-benzyl-semicarbazide prepared by Kessler and Rupe; 1 
its hydrochloride also, both when alone and when mixed with samples 
of the hydrochloride of the compound prepared by Kessler and Rupe, 
melted at the recorded point 178-180There remains, therefore, no 
further question concerning the transformation of 2-benzyl-semicarbazide 
into i-benzyl-semicarbazide at the point of fusion of the former. This 
transformation was, of course, accomplished in the case of the pure prod¬ 
uct (m. p. 135-6°) as well as for the more or less impure mixture which 
one first obtains in the action of isocyanic acid upon benzylhydrarine 
(130-135°). Any chance that the two sexnicarbazides might have been 
formed simultaneously is thus eliminated. 

With the matter thus cleared concerning the structure and isolation 
of 2-benzyl- and i-benzyl-semicarbazides (VII and VI), we saw at once 
the impossibility of proving anything concerning the structure of that ad¬ 
dition product of isocyanic add upon benzyli dene-benzylhydrazone. 
Through the negative results obtained by us in our attempts to acetylate 
this addition product we were forced to the coudusion that a cyclic urea 
structure as a uretidone (shown in IV) cannot likely be present. In 
our earlier work we have remarked on the ease with which this latter type 
of compound undergoes acetylation. Further than this we may consider 
the hydrolysis which the compound suffers as not sufficiently speedy to 
indicate the presence of a uretidone. 

The hydrolysis of the addition product (now to be considered as of 
sfiructure V) as carried out by Bailey and Moore, was accompanied by a 
slight oxidation in the presence of sulfuric add and neither benzaldehyde 
nor other products could be detected. We accomplished the hydrolysis 
by mixing the compound with dll. hydrochloric add and subjecting this 
mixture t* distillation with steam. The requisite quantity of betualde- 
1 Lee. tit. 


\ 
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hyde (i mol.) is slowly liberated during long boiling, and the contents of 
the hash, upon evaporation and recrystallization from alcohol gave a 
product melting at no". As it proved not to be the 2-benzyl-semicar- 
baride (VII) which we anticipated we had only to look to the slight loss 
in carbon dioxide and ammonia during the distillation to anticipate yet 
another hydrolytic step with the final product easy of identification— 
that of benzylhydrazme (VIII) in the form of its hydrochloride A 
slight contamination of this hydrochloride with a dihydrochloride was 
noted; the latter is removed by its lesser degree of solubility in absolute 
alcohol. Pure benzyihydrazine hydrochloride is reported to melt at 
li r°. The pure product and that obtained by us when mixed melt at 
x io-ii 0 . We identified our product conclusively by causing it to react 
with isocyanic add in aqueous solution. The product of course proved 
to be 2-beuzyl-semicarbazide (VII), m. p. 135-36°. 

The addition of isocyanic add to benzylidcne-benzylhydrazone is, 
therefore, to be interpreted in accordance with Formula V, which Bailey 
and Moore have proposed. The hydrolysis of this i-bcnzylidene-2- 
benzyl-semicarbazone, however, is now seen to be possible and through 
its study we have come to a clear understanding concerning the stability 
of i-henzyl-semicarbazide over that of the corresponding 2-benzyl-semi- 
carhazide. The tendency of isocyanic acid to select an iniroo or amiuo 
hydrogen in hydrazino derivatives is more and more clearly shown to de¬ 
pend upon the nature of the substituents on the nitrogen atoms of the 
hydrazines; the more strongly negative substituents force the attack to 
the 0 -nitrogen position. In the case of individual amino derivatives a 
primary amine naturally takes preference over a secondary amine when 
open to action with isocyanic acid. In the carbimino nucleus again we 
note the great influence of^a substituent either upon the nitrogen or upon 
the carbon atoms in directing the action of isocyanic arid. With an 
alkyl substituent upon the nitrogen atom only ketocyanidines result 
When an aryl group is attached to the nitrogen atom only the uretidone 
is produced. None of these condensations, however, is likely to pro¬ 
ceed when a simple amino group is attached to the nitrogen atom; no 
matte- whether the hydrogen atoms of the amino group are entirely re¬ 
placed by aryl groups as seen above in the case of bemyUdene-Oi-diphenyl- 
ydrazeme, or only one of the hydrogen atoms is so substituted, as in 
benzyhdexK-phenylhydrazone. The conditions which will make for a 
uredom^formation from a carbimino nucleus even when the nitrogen 
» attached to ammo derivatives are now under investigation. 

Experimental Part. 

Tfe alkyl Sdriff bases employed in this work were prepared bv «■**««* 
an equi molecular quantity of benzaldehyde to the alk^L in^J 
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tioo («-propyl, «-butyl, and n-amyl) at 5-10 0 and drying the product 
over anhydrous potassium carbonate. 

1 - Propyl - 6 - phenyl - 2,4 - diketo-hexahydrocyanidine, C1H7.- 
C*H» 0 *N».C*H t (I).—To a well-cooled solution of benzylidene-n-propyl- 
atniae in glacial acetic add is slowly added, during constant stirring, 
small quantities of potassium cyanate until a slight excess over two mole¬ 
cules have been used. The mixture is then set aside in a cool place for 
several days, after which it is transferred to a flask containing water 
and a few cubic centimeters of hydrochloric acid and subjected to distilla¬ 
tion with steam. When no further trace of benzakiehyde is detectable in 
the distillate the solution in the flask is filtered, evaporated to small vol¬ 
ume and then allowed to stand; crystals of the cyanidine derivative are 
soon deposited. Several crystallizations from alcohol gave fine, color¬ 
less, flaky needles melting at 211 0 . This propyl-phenyl-diketocyanidine 
is readily soluble in acetic acid; fairly soluble in alcohol, chloroform, ace¬ 
tone, ethyl acetate; slightly soluble in ether, benzene or water; and insolu¬ 
ble in ligroin. The solubilities partake closely after those of the corre¬ 
sponding ethyl derivative as reported in the previous publication. 1 The 
ethyl derivative is also slightly soluble in benzene a point of correction 
for the description given in the earlier paper. 

Calc, for CuHuOiNj: C, 61.77; H, 6+8, N, 180s Found. C, 61.76; H, 6.58; 
N. 18.38. 

i - Propyl - 6 - phenyl - 1 - acetyl - 2,4 - diketo - hexahydrocyanidint, 

C*H-.CiHiOjNj(COCH 3).C«H|.—When the propy 1 phenyl diketocrani- 
dine obtained above is boiled for a few minutes with acetic anhydride 
and fused sodium acetate and the mixture poured upon ice a crystalline 
mono-acetyl derivative is readily obtained. The compound may be puri¬ 
fied by crystallization from So^' c alcohol. The small colorless prisms melt 
at izo°. It is readily soluble in almost all of the organic solvents; only 
fairly soluble in ligroin and insoluble in water. The determination of 
percentage of carbon and hydrogen could not lead to definite conclusions. 
A nitrogen determination, however, sufficed to show the presence of only 
one acetyl group, more than likely in the 3-position. 

C«k. for CnHirtbNt- N, 13.37 Found: 15.43. 

X - Butyl - 6 - phenyl - a, 4 - diketo - hexahydrocyanidine, C«H,- 

(II).—Benzylidene-n-butylamine was digested with potas¬ 
sium cyanate in a cold glacial acetic acid solution in exactly analogous 
manner to that described above for the preparation of propyl-phenyl- 
diketocyanidine. The final crystalline product crystallised from alco¬ 
hol melts at 188°. It is readily soluble in acetic add; faigty soluble in. 
alcohol, chloroform, acetone, ethyl acetate; slightly soluble in ether, 
benzene, or water; and insoluble in ligroin. 
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The preparation of acetyl derivatives was not undertaken either here 
or in the succeeding case, as one instance seemed sufficient to establish 
tite constitutions proposed. 

Cafe, for CuHnOiN,: C, 63 13; H, 693, N, 1700. Found: C, 6341: H. 7 -UJ; 
N, 17.ro. 

I - Amyl - 6 - phenyl - 24 - diketo - hexahydrocymnidine, C*H n - 
C»HiO*N}.C«H 5 (m).—Benzylidene-w-amylamine was heredigested with po¬ 
tassium cyanate in cold, glacial, acetic acid solution and the operation car¬ 
ried out exactly as described for the two preceding ketocyanidines. Amyl- 
phenyl-diketocyanidine was purified by crystallization from alcohol and 
melts at 202°. It is readily soluble in acetic add, chloroform or acetone; 
fairly soluble in alcohol or ethyl acetate; slightly soluble in ether, ben¬ 
zene or water, and insoluble in ligroin 

Calc, for CmHlCWJ,- C, 6434; H, 7 33 . N, 1609. Pound. C, 6449 ! H, 743 ; 
N. 16 37. 

Hydrolysis of x - benzylidene - 2 - benzyl - semicarbazone, C«H|.- 
CH«.N(.CO.NHj).N CHC«Hi.—This compound was prepared accord¬ 
ing to the directions of Bailey and Moore 1 by first reducing benzalazine 
with sodium amalgam and then treating the reduced product, benzylidene- 
benzylhydrazone, with potassium cyanate in cold, glacial, acetic add solu¬ 
tion. The substance thus separating out may be crystallized from ether 
and melts at 155.5°, or practically 156°, as reported by Bailey and Moore. 
It is readily soluble in most organic solvents, but only slightly soluble in 
%j(jr When placed in a flask containing a little water and hydrochloric 
Add " subjected to distillation with steam the product is slowly hydro¬ 
lyzed. This process was continued until the distillate no longer contained 
benzaldehyde, after which the contents of the flask was filtered and finally 
evaporated to dryness upon a water bath. The dry residue was next 
boiled with a small amount of absolute alcohol and the clear filtrate from 
the insoluble portion (the dihydrochloride of benzylhydrazinc), allowed to 
stand. The crystals of benzyl hydrazine hydrochloride appeared in glis¬ 
tening leaflets melting at no 0 . Pure benzylhydrazine hydrochloride 
melts at m°; a mixture of the latter and the sample we obtained in the 
hydrolysis melted at 110-11 In all respects the hydrolytic product 
checked with the properties of pure benzylhydrazine hydrochloride. 
The hydrolysis, therefore, may be interpreted as proceeding in the man¬ 
ner previously indicated, (V) —► (VII) —► (VIII). 

When the final hydrolytic product (t. e., the benzylhydrazine hydro¬ 
chloride) was dissolved in a very small amount of water a little more 
than an equimoleeular quantity of potassium cyanate added to the solu¬ 
tion there precipitated, after a short time, colorless crystals melting at 
* 30 - 35 °. Mid thus in agreement with the results found by Busch «!.,* 
l £«w. tit. 
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when tsocyanic add was allowed to condense with benzylhydrazine to 
give 2 -benzyl-semicarbazide (m. p. 135-36°). A sample prepared ac¬ 
cording to the method of Busch et al., melted at 130-35 °, and when mixed 
with our product above the mixture likewise melted at 130-35°. There 
would seem to be no doubt concerning the identity of the two compounds— 
that prepared according to Busch and that obtained by the action of 
isocyanic add upon the hydrolytic product. 

Calc, for C*Hi t ON»: C, j8 ij; H, 6.71; N. 35 45 Pound- C. 58.39; H, 6.87; N, 

13.33. 

Preparation of Pure 2 - Benzyl - semicarbazide, C»H s .CHiN(.NH*).- 
CO.NHj (VII).—The action of potassium cyanate upon an aqueous solu¬ 
tion of benzylhydrazinc is reported by Curtius 1 to give a 1-benzyl-semi- 
carbazide melting at 135°. The product of this same reaction as carried 
out by Busch, Opferinann and Walther 1 is construed as a 2-benzyl-semi- 
carbazide melting at 127—28°. Kessler and Rupe* prepared the pure 

1- benzyl-semicarbazide (m. p 155°) as described in our theoretical con¬ 

siderations. When potassium cyanate is added to an ice-cold concen¬ 
trated aqueous solution of benzylhydrazine (in tfquimolecular quantities), 
the crystals of 2-benzyl-semicarbazide are at once precipitated- Fil¬ 
tered off and dried in vacuo the product melts at 126-135°. These crys¬ 
tals are now mixed with ice-cold chloroform and the mixture filtered im¬ 
mediately by suction, pouring a little chloroform also upon the filter to 
insure removal of last traces of the soluble material. Upon the addition 
of ligroin to this chloroform filtrate small glistening colorless fiat ppams 
of 2-benzyl-semicarbazide appear. The product may be again up 

in chloroform and precipitated by ligroin, but the melting point is,not 
changed—135-36°. 2-Benzyl semicarbazide is readily soluble in alco¬ 
hol, acetone, chloroform, ethyl acetate or glacial acetic add; fairly solu¬ 
ble in benzene or water; slightly soluble in ether; and insoluble in ligroin. 
This semicarbazide does not reduce Fehling’s solution in the cold, even 
after several days’ standing, but upon warming the reduction is accom¬ 
plished slowly. At the temperature of its melting point it is transformed 
into j -benzyl-semicarbazide. 

Preparation of 1 - Benzyl - semicarbazide, C«H».CH ; .NH.NH.- 
CO NHi (VI).—Wh$n 2 benzyl-semicarbazide is heated in an air bath to 
the point of melting for a few minutes and the cooled product then crys¬ 
tallized from 20% alcohol, colorless prisms of 1 bemy!-semicarbazide 
are obtained. These crystals are not so flattened nor so small as those of 

2- benzyl-setnicarbazide. Both the melting point (155°) and the physical 
properties of this product are identical with that compound prepared by 
Kessler and Rupe. 1 -Benzyl-semicarbazide is readily soluble in alcohol, 
acetone or glacial acetic acid; fairly soluble in chloroform, ethyl acetate, 
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of water; slightly soluble in benzene or ether; and insoluble in hgroin. 
T hese solubilities differ somewhat from those of the 2 -benzyl -semicarbazide. 
In odd chloroform very little of the product dissolves arid hence a means 
of separating the two semicarbazides is afforded. This semicarbazide 
begins to reduce Fehling’s solution even in the cold and reduces it readily 
upon wanning, as recorded by Busch et of. A sample of this semicarbazide 
and an equal quantity of 2 benzyl-semicarbazide melted as low as 120-4°, 
hence an explanation of the indefinite results obtained by other investi¬ 
gators. 

Action of Isocyanic Acid upon N -Amino Derivatives of Carbimino 

Nucleus. 

As previously stated, the compounds here subjected to the action of 
isocyanic acid failed to condense with the latter at low temperatures either 
in glacial acetic or propionic acid. Benzyhdene-ajr-diphcnylhydrazone 
{C 6 H 5 .CH : N.N : (C«H s )j) was brought into reaction under these condi¬ 
tions and also in a mixture of benzene and acetic acid in order to increase 
somewhat its solubility. No reaction could be detected. In a similar 
manner benzylidene-phenylhydrazone (C*H*.CH : N.NH.CJI*) was found 
to be unreactive toward isocyanic acid, but as discussed in crur theoretical 
considerations, this compound does condense with phenyl isocyanate 
at high temperature. i-Benzylidene-2 benzyl-semicarbazone as also pre¬ 
viously discussed, failed to condense further with isocyanic acid. Though 
the carbimino nucleus is a favored complex for condensation with iso¬ 
cyanic acid, we note further that certain substituents on the nitrogen 
atom may considerably retard this tendency for condensation. 

Midland, Mich 


(Contribution from the Carboiu dratk Laboratory, Burbac of Chbhistrv, 
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THE OCCURRENCE OF MELEZITOSE HU HONEY. 

By C S Hudson and 8 . V. Sherwood 
Received September 16, 1919 

We recently' called attention to the abundant occurrence of the rare 
trisaccharide melezitose in a manna that forms upon Douglas fir trees in 
British Columbia during summer droughts. Since bees often collect 
manna and honey-dew in times of drought when the preferred floral 
nectar is scarce it would appear to be possible that honey from the particu¬ 
lar region of British Columbia where this Douglas fir manna occurs would 
contain melezitose. An occurrence of melezitose in honey would not 
only be of general scientific interest but would require the attention of the 
food analyst because melezitose may readily be confused with cane sugar, 

1 This Jobrmi, 40, 1456-60 (, 9 ,g). 
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one of the recognized adulterants of honey. While we were discussing 
this matter along these lines and were planning to obtain honey from the 
wilds of British Columbia there came an answer to the question in a 
most unexpected way. A sample of honey was received from central 
Pennsylvania, accompanied by a statement that it had proved unfit 
winter food for bees and a request that a chemical analysis be made in the 
hope of disclosing why the bees had died. Bees do not winter well upon 
honey-dew honey in general, as they seem unable to digest or assimilate 
such honey fully; but this material had caused even more difficulty than 
ordinary honey-dew honey. This sample of honey had thoroughly 
crystallized in the comb and the appearance of the crystals was different 
from that of d-glueose, the sugar that frequently crystallizes from honey. 
It was soon determined that the crystals were pure ntdeiiiosc . 1 Subse¬ 
quently we have obtained samples of comb honey from two localities in 
Maryland, near the District of Columbia, one produced in 1917, and 
the other in 1918, both of which £ilso contain much melezitose in crystal¬ 
line form. Tile sample from Pennsylvania was from the crop of 1917, 
and in the summer of 1918 similar honey, rich in crystalline melezitose, 
was produced in the same locality. It can hardly lie doubted, therefore, 
that melezitose occurs not infrequently in honey, and it seems indeed 
remarkable that its crystals, which can be readily distinguished from those 
of glucose, have never before been observed in honey. We have at least 
not been able to find any record of such an observation in the extensive 
literature that deals with the composition of honey. Tire mode of origin 
or the three samples of honey that have been found to contain melezitose 
will be described after the presentation of the chemical data on the 
identification of the sugar. 

Identification of Melezitose in Three Samples of Honey. 

Comb Honey from Port Royal, Juniata County, Pennsylvania .—In one 
section of this honey the contents of 90' ( of the cells had crystallized 
thoroughly and solid masses having the shape of the cells could be removed 
from the wax of the comb. In two other sections the crystallization 
was slightly less pronounced. A quantity' of the honey was removed 
mechanically with a knife blade from the wax, ground in a mortar with 
glacial acetic acid, which is miscible with the sintpy portion of honey but 
does not dissolve crystalline melezitose or glucose, and the crystals were 
separated from the liquid by filtration. They were washed with glacial 
acetic acid, then with absolute alcohol and were dried at 70*. 

The specific rotation of this material in aqueous solution was +89.9" After one 
recry staHiiatkm from hot aqueous alcohol and drying at ?o* the crystals showed 
Mg ** -HM .a". Their melting point was 148’. The acetyl derivative of the sugar, 

• The identification by chemical means was confirmed by optical crystallographic 
measurements made by Dr. Edgar T. Wherry. as described in the following article, 
P. »J. 
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prepared by the use of acetic anhydride and sodium acetate, crystallutedrta.d% from 
alcohol on the addition of water and showed the melting point i^'and I«)b ” +»»o,7 
in benzene and -f io.l 8° in chloroform 

These data agree completely with previously recorded measurements 1 
iby other observers and by ourselves on melezitose and its hendeca-acetate. 
The crystals of melezitose from the honey did not reduce Fehling 8 solu¬ 
tion until after hydrolysis by acids, a property by which melezitose may 
be distinguished readily from the crystals of glucose that are commonly 
present in honey. 

In the subsequent separation of larger quantities of melezitose from 
comb honey a more convenient method has been followed. Fifty g. 
of the comb honey was macerated in a mortar with 50 cc. of cold 80% 
alcohol, which thins out the sirupy portion but does not dissolve the 
crystals to any great extent, and the crystals and solid beeswax were 
filtered off through cloth and washed with cold 80% alcohol. The mixture 
of crystals and wax was then heated with a small quantity of water to 
dissolve the melezitose and melt the wax. After cooling, the upper layer 
of congealed wax was removed, and the solution was filtered with the 
aid of infusorial earth and evaporated to a sirup under reduced pressure. 
Some alcohol was mixed with the sirup and the melezitose rapidly crystal¬ 
lized. The crystals were washed with alcohol and dried at 70®. The 
yield from one section of the Port Royal comb honey was 20% melezitose, 
from another section 10%. 

Comb Honey from Drummond, Montgomery County, Maryland. —Some 
two weeks after the isolation of melezitose from the Port Royal honey 
Dr. E. F- Phillips of the Bureau of Entomology, U. S. Department of 
Agriculture, who had become much interested in the subject, called our 
attention to the occurrence of a peculiar crystallization in honey combs 
that were being filled by bees at that time (July, 1918) in the vicinity of 
Drummond, Maryland. The crystallization formed in the comb with 
unusual rapidity, a phenomenon which had also arrested the attention 
of the producer of the Port Royal honey. Examination by the methods 
that have been described showed conclusively that the crystals in the 
Drummond honey were melezitose. 

Comb Honey from River dale, Prince George's County, Maryland .—Dr. 
Phillips lias also supplied a sample of crystallized comb honey from this 
locality, made during the 1917 season. It was found to contain about 
16% of crystalline melezitose. Like the Port Royal honey it had also 
proved unwholesome winter food for bees. 

The Source of the Melezitose in the Pennsylvania Honey. 

In July, 1917, the bee-keepers at several places in central Pennsyl¬ 
vania noted that their honey was crystallizing shortly after the bees 
’ This Jovbnal, Loc Hi. 
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placed it in the hives. Not only did this reader the honey difficultly 
salable, but also when the hooey was stored by the bees to be used as 
winter food, it proved to be unsuited to their requirements, and this, 
in connection with the unusual severity of the following winter, led to the 
loss from indigestion of many bee colonies. Coming as it did at a time 
of sugar shortage, when every effort was being made to increase the pro¬ 
duction of honey, this situation had a rather serious aspect; for it was not 
known but that it might be connected with some disease which would 
spread over a wide area, and lead to serious diminution in the honey 
supply- Mr. Charles N. Greene, Chief Apiary Adviser to the Pennsyl¬ 
vania Bureau of Economic Zoology—now the Bureau of Plant Industry— 
investigated the matter and obtained evidence that the honey in question 
was derived not from floral nectar but from honey-dew, the sweet fluid which 
collects on plants as the result of the activities of aphids and other insects. 
As far as could be determined at the time, the bees obtained this honey- 
dew from some species of pine tree, several of which are abundant in the 
region. Mr, Greene sent a sample of this honey to the Bureau of Ento¬ 
mology, U. S. Department of Agriculture, and that Bureau transmitted 
it to the Bureau of Chemistry with a request that its composition be 
studied. It was in this sample that the melezitose was first recognized. 

At our request Dr. Edgar T. Wherry, Crystallograpber of the Bureau of 
Chemistry, made a visit to Port Royal in June and August, 1918, and again 
in August, 1919, to obtain data on the origin of the melezitose in the Port 
Royal honey. On two of these trips he was accompanied by Mr. Greene, 
who aided in many ways the working out of the origin of the sugar. 
Information as to the occurrence of the material was obtained from H. L. 
Bowers of Port Royal and J. S. Colyer of Perulack, both in Juniata County; 
Prof. H. C. Klinger of Liverpool, Perry County; the Merrill Bee and 
Honey Co. of Muncy and C. Y. Lorson of Williamsport, both in Lycoming 
County, Pennsylvania. Data as to the distribution of the various pine® 
was obtained from Prof. J. S. Illick of the Pennsylvania Bureau of Silvi¬ 
culture; from the staff of the Pennsylvania Forest Academy at Moat 
Alto; and from Mr. Harold W. Pretz of Allentown. To all these gentle¬ 
men and others who codperated in the investigation thanks are hereby 
extended. Dr. Wherry has submitted the following report of the results 
of his investigations: 

"Five species of pine trees are common throughout the region studied; 
the white pine, Finns strohus I,., the table-mountain pine, Finns pungtns 
Michx. f., the yellow pine, Finns eebinata Mill., the pitch pine, Pinns 
rigid® Mill., and the scrub pine (or jack pine as it is commonly called 
there), Ftnus mrginiana Mill. It was soon found that only the last of 
these was of significance in connection with the development of the mele- 
*itiwe. At a lew localities, trees of this species, especially 4 or 5-year old 
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«— were infested with a reddish brown soft-scale insect, which 
has been identified by the Bureau of Entomology as Toumeytlla pameorm 
CU 1 . 1 As a matter of record the following specific places where it was 
observed in 1918 are listed: on hillside just back of Rockviite, north of 
Harrisburg; on small ridge about 4 miles north of Liverpool; and m ravine 
about 2 miles south of Port Royal. At the Liverpool locality the honey- 
dew produced by tins insect was being actively collected by bees identifi¬ 
able by their color and direction of flight to be those belonging to Prof. 
Klinger, whose place lies about half a mile away. Another point of in¬ 
terest about this locality was the fact that in one instance the same insect 
occurred on a young tree of Pvnus ngtda, which happened to be sur¬ 
rounded by numerous individuals of P. virginiatta . It is also noteworthy 
that the water extract of honey-dew-covered branches collected from 
these trees yielded on evaporation a quantity of nondescript gummy 
material, m which microscopic examination showed the presence of 
crystals, identifiable b}' their optical properties as melczitoae. This 
indicates that the bees merely collect this sugar as it occurs, and do not 
synthesize it. 

“Far more widespread than the above mentioned insect in all the localities 
in central Pennsylvania visited by the writer was a large gray to reddish 
aphid which has also been found at Drummond, Maryland, by Mr. 
Jacob Kotinsky of the Bureau of Entomology, U. S. Department of 
Agriculture; there are records on file of its occurrence also in Ohio, Virginia, 
and the District of Columbia. This insect was provisionally identified 
by Dr. A. C. Baker, of the Bureau of Entomology, as Iachnus pineii 
(Fab.) Koch In the majority of the cases observed by the writer, and 
presumably in the others noted, the host plant was Pinus virginiana; 
occasionally a few insects were noted on P. echtnaSa and P. rigida. This 
insect or a closely related species is said to be found in Europe more or 
less commonly, though never abundantly, on the Scotch pine, Ptnus 
sylwstris L. This tree has been used in this country in considerable 
quantity for the purpose of reforesting some denuded lulls, especially in 
central Pennsylvania, and the insects may have been introduced into this 
country on young trees of this species and spread from them to the native 
pine, Pinus mrgtmana, none could be found, however, on the numerous 
Scotch pine trees examined by the writer at several localities. 

In a grove of trees of Pinus virginiana in a ravine about 2 miles south 
of Port Royal, Pa., these insects were found to be common in 1918, and 
it was to the vicinity of this grove that Mr. Bowers, whose place is about 
a mile away, was able to trace his bees, which could easily be recognized 
by their color. What a large quantity of the mdezitose must have been 
produced here is indicated by the results of the working up by the Bureau 

1 See Mr Kolinsky's report on page 122. 
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of Chemistry of some honey obtained from Mr. Bowers. From 40 sec¬ 
tions, which had been withdrawn from the hive before they were com¬ 
pletely filled, we were able to extract over 5 kg. of the pure raeksatose. 
Similar observations were made at every other place where meleritose 
formed; the producers had seen their bees working in or near colonies of 
this species of pine. One producer found his bees to collect honey-dew 
from a large tree of Norway maple, Acer platatioides L. f at the time the 
melezitosc appeared, but the relatively minute amounts of this-sugar 
developed in his honey in 1918 may well have come from pines, which 
grow within a mile, and on which the aphid was found to occur, 

"Only in exceptional seasons does melezitose-honey-dcw appear to be 
collected by the bees. During the early part of July they obtain honey 
extensively from white clover, and about the first of August change over 
to buckwheat, which comes into bloom at that time. But if the weather 
is dry in mid-July the yield of white clover honey becomes scanty, and 
then the bees seek other sources of supply. The dry weather likewise 
permitting the accumulation of the honey-dew on the pine trees, they 
soon discover that this material is sweet, and collect it in large quantities. 
In both 1917 and 1918 there were long dry spells at the critical period, and 
large amounts of melezitose appeared in the honey. In 1919, however, 
the weather was wet during the greater part of July, and, although 
aphids and scales flourished, no melezitosc whatever appears to have 
been collected, the clover honey lasting over until the buckwheat began 
to yield, and the rain keeping the honey dew from collecting on the pine 
branches. 

"In order to complete the identification of Firms vtrpirtiana as the source 
of the melezitose it seemed worth while to ascertain whether the develop¬ 
ment of this sugar in honey is, in fact, limited to the region in which this 
tree occurs. This pine may lie classed as a southern species, as its range 
is rather sharply limited on the north at about latitude 41 0 30'. ft 
occurs rarely on Long and Staten Islands, New York, thence it appears 
sporadically in the Highlands of northern New Jersey. It is present in tbe 
Wyoming Valley up to a short distance north of Wilkes-Barre, Pa; further 
west it has been found to reach a northern limit in the hills several nodes 
north of Williamsport, in the Susquehanna valley. From here the northern 
boundary of its range swings southwestward to Pittsburgh, Pa., and it 
enters the southeastern part of Ohio, being included in lists of the plants 
of that state. As far as known it is bounded mi the west by a line running 
thence southward to the Gulf states; and between this line and the coast 
it occurs at many places. It appears to be limited, however, to soils 
considered by the agriculturist as sterile and barren, the reaction of which 
is decidedly acid; thus it occupies old, "worn-out” fields throughout its 
range; it occurs on dry shale ami sandstone soils throughout the Appala- 
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^ian m ountains , and on the sands of the Coastal Plain. In no case has 
meieritose been found in any honey produced outside of the area de¬ 
scribed, at least east of tie Rocky Mountains, reports of crystallization 
in honey further north and west having proved on examination to be due 
to glucose and not to melezitose. The tracing of the source of the mele- 
zitose in the honey to this* species of pine, therefore, seems justified. 

Mr. Jacob Kotinsky, Entomological Assistant in (he Bureau of Ento¬ 
mology, U. S. Department of Agriculture, has transmitted the following 
report on tie identity oi tte. srate insect (auad on the scnih pinea, on the 
way such insects produce honey-dew, and on the possibility of preventing 
the development of melezitose: 

"The insect on the pine twigs that were collected near Liverpool, Pa., by Dr. 
Wherry late in June, 191S, was identified by Mr. H. Morrison, a Bureau specialist 
on the classification of the group, as Toumeydla pankorHt (?) Cldl (Order, 
Homaplera: Family Cocadae ) The insects were immature, which accounts tor his 
query on the specific identity T pamcorM is one of the group of scale insects known 
os ‘soft’ or ‘brown’ scales, and is confined to pine trees True to its affiliations, it 
feeds on sap, which it procures by means of a slender proboscis forced into the plant 
tissue and used as a couveyaiiee of (he substance pumped by muscles located at the 
proximal end of the organ The developmental stage of the insect on the date that the 
specimens were brought to this office (July 2) indicates that 7 panricomr produces 
but one generation annually in the latitude and altitude of Liverpool and hibernates 
in the larval form, though the® facts still remain to be determined definitely by ob¬ 
servation The family of itcidc insects (Cotctdae) is closely allied to the Apktdat r, 
the most common and best known houcy dew producing inserts, and, like them, various 
"brown’ or ‘soft’ scales and mealy bugs, when m large colonics, are sometimes capable 
of producing prodigious quantities of honey-dew In the 'brown' or ‘soft’ scales, to 
which ToumeyeUa parmemne belongs, production of honey-dew is the work of females 
only, is heaviest in the pre adult stage and is doubtless further conditioned by the 
part of the plant inhabited and l>y meteorological conditions A young, growing 
shoot, itself favored by liberal precipitation, yields its sap men readily in such weather. 
Normally, honey-dew is washed off by rains and, therefore, accumulates more readily 
in dry weather The presence or alisence of ants, which usually accompany honey- 
6ew producing insects, and t/iner 'noneydew gat’ncring insects, espedafiy aculeate 
(stinging) Hymcnoptera, as well as the growth of the sooty fungus (Mdtala sp.) 
obviously gage the quantity of honey-dew available for hive bees A suggestive 
peculiarity of many species of these insects is that tlieir feeding tends to produce de¬ 
formities in the host tissues which, in sonic cases, become gulls • 

“Three methods of preventing the development of melezitose suggest themselves, 
i. e., to kill the honey-dew producing insects by encouraging their natural enemies, 
by spraying the infested trees with an Insecticide, or by cutting out the trees subject 
to infestation. But, when it is realized that normally bees rsnge two mites or more, 
the impracticability of the last two suggestions is obvious. The first one may like¬ 
wise be dismissed for the reason that there is no way known to encourage the natural 
enemies of the insects in question. 

“Dr. E. F. Phillips suggests that the control of this condition resolves itself, there¬ 
fore, into disposing of the product as 'honey-dew honey’ and providing for winter 

* B*ker, U. S. Dept. Agr., Reft, 101, 34 (191$), records finding «»nyi«^ 
tojfc sugar and low starch content in galls produced by the woody apple aphis. 
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(tores of each colony a supply of digestible sugar, so placed that this material will be 
first used during wintering This is readily done, for example, by feeding sugar strap 
or good honey to each colony after brood rearing lias ceased If it is stored below all 
other stores it will be first used " 


Analytical Data on Honey Containing Mele2itose. 

It may be useful in connection with the general subject of the chemical 
analysis of honey to record the analytical data on the Port Royal honey. 
Two sections of it were examined, denoted as Samples i and 2. Sample 

1 contained only a small quantity of crystalline melezitose but Sample 

2 had crystallized solidly. The comb honey was dissolved in water, 
the insoluble wax, etc., filtered off, and the filtrate evaporated under 
reduced pressure to the consistency of honey. Polarizations and esti¬ 
mations of reducing sugars both before and after the Clerget (cold) in¬ 
version, using both hydrochloric acid and invertasc as hydrolysts, were 
made on the liquid honey. All polarizations are calculated to the basis of 
26 g. of liquid honey in 100 cc. of solution, read in a 200 mm. tube in a 
saccharimeter with the Ventzke scale. The percentage of solids in the 
liquid honey was determined by the refraetometer, Sample 1 showing 
75.5% and Sample 2, 77.1 %. The reducing sugars are calculated as 
invert sugar. The measurements on the inverted solutions were made 
after 24 hours standing and also after 5 days and agreement was obtained 
for the two sets, proving that the hydrolyses were complete in 24 hours. 


Sun 
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What is probably a close approximation to the percentage of melezitose 
present in the samples may be calculated in the following manner from the 
data of the table. In Sample 2 the percentage of sucrose that is shown 
by the Clerget method, using invertase as the hydrolyst, is 0.65%, and 
by the increase in reducing sugars after inversion with invertase 0.69%. 
These values agree well and it is probable that the action of invertase, 
which hydrolyzes sucrose but not melezitose, furnishes the most reliable 
estimation of sucrose in such products. 1 Using the average, 0.67%, the 
weight of sucrose in the normal weight of honey, 26 g., is {26) (0.0067) » 
0,17 g. The change of rotation that is caused by the inversion of 26 g. 
of sucrose, readings being made at ai °, is known to be 142.7 —(21 + 2) ■» 
132-5 °» hence the change dne to 0.17 g. is 0.86®. Now the add inversion 
of the honey causes a change in rotation towards the negative side of 
104® and if the change that is known to be due to the sucrose, o.&6°, be 

* Hudson, i, hut. Eng. Chtm., a, 144-6 (1910). 
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subtracted, the difference, 9.4may be used as a basis for estimating the 
am o un t of melezitose that is present. Since 1 26 g. of melezitose in 100 
cc. of solution rotates +134° V. before hydrolysis and + 95-5 afterwards, 
the quantity of melezitose present in 26 g. of the honey is calculated to be 
(9.4) (26) 4- (ij4~ 95-5) = 6-3 g-, and the percentage of melezitose is 

6.3 4- 26 = 24.2%. A similar calculation can be based upon the in¬ 
crease in reducing sugars after the hydrolysis of the honey by invertase 
and by add. The increase through the action of invertase is 42.73 — 
42.00 = 0.73% invert sugar, while the add hydrolysis shows an increase 
of 63 oS —42.00 = 21.08%, calculated as invert sugar. Attributing the 
difference, 21.08 — 0.73 = 20.35, to tbe hydrolysis of melezitose, it is noted 
first that this much invert sugar is equivalent in reducing power to 20.35 
(0.95) = 19.3% of d-glucose, and second that 100 g. of melezitose is 
known* to have the same redudng power after hydrolysis as 69 g. of 
d-glucose. Hence the percentage of melezitose present in the honey is 

19.3 -r 0.69 = 27.9%. vSimilar calculations indicate that Sample 1 con¬ 
tained 1.96% melezitose, according to the polarization data, and 0.54% 
according to the redudng sugar estimations. While these methods of 
analysis leave much to be desired in the way of accuracy, they are never¬ 
theless fairly satisfactory- approximations in a case where all methods of 
analysis that have been employed in the past in the examination of honey 
fail completely. In the future when a honey is found by the analyst to 
show a large increase in redudng sugars by add inversion, but a much 
smaller increase by invertase hydrolysis, the presence of melezitose should 
be suspected. On the other hand, no honey should be condemned as 
being adulterated with sucrose on the sole basis of an increase in redudng 
sugars by add hydrolysis because the presence of melezitose can equally 
well cause such an increase. The quantity of sucrose in a honey should 
be estimated by inversion with invertase. 

Honey which contains so much melezitose as does Sample 2, over 
20%, will deposit crystals of this sugar readily, but if the honey is in 
liquid form, through heating, for example, the melezitose may best be 
crystallized by fermenting away the other sugar with baker's yeast. 
Forty g. of Sample 2 was diluted with water to a solution of about 20% 
solids and fermented several days with baker's yeast. When no further 
gas bubbles were observed the solution was darified by filtration through 
a little infusorial earth and evaporated to a thick sirup, which soon crystal¬ 
lized and yielded 8.3 g. of melezitose or 20.7% of the weight of the hooey, 
a very good yield. Possibly this method of crystallizing from 

honey may prove useful in detecting the sugar in casts where its presence 
m honey is suspected from analytical data. 

1 This Jouxkal, 40, 1456-60 (1918). 
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Summary. 

It has been known sines ancient times that bees collect mannas during 
droughts because floral nectar is not then abundant Turkestan manna 
and likewise a manna from the'European larch tree have long been known 
to contain the rare sugar melezitose, and recently we have found over 
70% melezitose in a manna from the Douglas fir of British Columbia. 
Might not melezitose be present, therefore, in some kinds of honey and 
have escaped detection in the past? While considering this question we 
received a sample of comb honey, of honey dew type, from Port Royal, 
Pennsylvania, which had crystallized solidly m nearly all the cells. The 
crystals were not d-glucose, the sugar that frequently crystallizes from 
honey, but were pure melezitose. Two samples of lioney-dew honey 
from Maryland have also been found to contain crystals of melezitose. 
An investigation by Dr. Edgar T. Wherry of the origin of these 3 lots of 
honey discloses that the bees collect a sweet fluid deposited on the young 
twigs of the Virginia pine (Ptnus mrgitttana) by a soft scale insect 
(Ttmmeyella pamcorne (?) Ckll), or at other times by an aphid (iMcknus 
pinett (Fab.) Koch), and store away this material in place of floral 
nectar. The fluid itself was found to contain melezitose. Analytical 
data ou this type of honey are recorded, and a way for the approxi¬ 
mate estimation of melezitose in such products is described. Since 
melezitose lias already been identified in mannas from two conifers, 
namely the European larch and the Douglas fir, and is now found in an 
exudation from a third, the scrub pine, the question naturally arises, 
whether melezitose may not be present in the sap of most coniferous 
trees. In making this query it is assumed that the insects that produce 
these mannas and exudations do not synthesize the melezitose; this 
assumption seems quite probable, though it remains to be established. 

Wauhhgtok. IX C 

(Contribution from Tub Bixjsau op Chhmistri, V S nar/uermarr op 
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THE CRYSTALLOGRAPHY OF MELEZITOSE. 

By Edgar T Wuerkv 

Smivrtl September 16, 1919 

Crystallography. 

The existing data as to the crystallography of the trisaccharide melez¬ 
itose is not only incomplete but contradictory. Vtillers' described it as 
monoclinic, bounded by a prism, m, the base p, and the side ptnaeoid 
III he obtained the angles ; w * 136® 38' and in : p » qa” 40'. On 
the other hand Alekhine 1 found It to be rhombic, his crystals showing 
1 Conpt. rmd., 84, ji (1877); Wt. we. *7* too (1877). 

’/ R«» Sw„ Pkft. CHm* at,411 (<**»); 4**. <*«*. (6jit) ut-7 (tufty). 

* •» 
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front and side pinacoids, o and a, prism, m, and front and side domes, 
od and ga, although he recorded no measurements at ail. In both cases 
the dihydrate is supposed to have been represented, but no information 
has been available to indicate whether this was a case of dimorphism or 
whether the two authors were in fact not dealing with the same substance. 

The recent discovery by Hudson and Sherwood 1 of this sugar in rela¬ 
tively large quantities from two widely separated regions in the United 
States’ has given an opportunity to study the matter further 
A sample of material from Pennsylvania was dissolved in an excess of 
water and filtered into a small beaker, which was covered with filter paper 
and allowed to stand at ordinary temperature for several days. The 
crystals which separated attained a diameter of a millimeter, but were 
crowded together to such an extent as to make them unsuitable for crystal¬ 
lographic measurements. A few minute simple ones were picked out, 
and the balance redissolved by addition of a little water and warming. 
The liquid was then allowed to cool and the crystals previously picked out 
were introduced, the vessel lieing allowed to stand in a room kept at a 
constant temperature of 20 ° for several days The same procedure was 
followed, using 50*7 alcohol as the solvent 
The crystals which separated proved to be rhombic, those from water 
being broader than those from alcohol, and both types showed the same 

—— -forms as those described by Alekhine. In the 

1 f following description his orientation is retained, 

| although the lettering of the forms is changed so 
- jy as to bring it into accord with modem practice. 

( ' j j The faces are somewhat rounded as well as dis- 

c ^_ _ ._jJJ to rted by subparaliel intergrowtli, so that the 

" measurements vary as much as *3 o', but the 

ig 1 e ezttoie cn, -tai g Cnera ] futures of the crystallography can be 
readily established The average angular values and the derived axial 
ratio are presented in Table I. 

Table 1 

Angle-Table for Melezitose Dihydrate, Ct»H» 0 »iHjO 
bystem, rhombic, seemingly hoiohcdral. but no doulit bisphenoidal 
Axes 1 i 1 ° 1216 1 0496 


Form. 

Symbol 

Gdl Mill 

DMCfiptloa 

Obsernd 

, 

Calculated 

b 

0 00 

OIO 

Narrow, somewhat dull 

O OO 90 OO 

0 00 90 00 

a 

Oo O 

100 

Prominent, brilliant 

90 00 QO OO 

90 00 90 00 

m 

00 

JIG 

Narrow, but good 

38 05 90 00 

. 90 00 


4 « 01 on Small, somewhat rounde() 0 00 26 30 o on 16 34 

id 10 w, Prominent, brilliant yo 00 21 15 90 00 

Many crystals showed only the forms b, a, and d; and it is possible that 
Vuhers measurements were made on greatly distorted crystals of this 
1 This Journal, 40, i«6-6o (1918). See also the preceding article. 
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development, b being his p, a his gi, and d. his m. The complete set of 
forms observed is shown in Fig. i. 

Optical Properties. 

Under the microscope melezitose presents the form of plates and rods, 
in part rectangular in outline and in part terminated by faces inclined at 
large angles (see Fig. a). On crushing the crystals, irregular flakes are 
produced. 

The rectangular plates yield on immersion in oily liquids of known 
refractive index the values of £ and 7, but crushed fragments usually 
show values intermediate between a and 0 in one direction. Observa¬ 
tions were made in light of variable wave length, obtained by a mono¬ 
chromatic illuminator, at 20 The dispersion relations were found to 
be as stated in Table II. 

1 ABLE IT 

Refractive Indices of Melezitose for Different Wave Lengths. 

Wave lrngth 


Index 
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O OlO 

O 010 

0 009+ 
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The refractive indices for sodium light are thus a = 1.540, 0 = 1.548, 
and 7 *■ 1.550, all -to 001. The total double refraction is 0.010 but 
that usually seen is the difference between 7 and f), or 0.002. 

In parallel polarized light the double refraction of the plates is seen 
to be weak, and the colors are mostly brilliant grays of the first order. 
Rod-like fragments may show white or yellowish colors, corresponding 
to the maximum double refraction. The extinction is straight and the 


sign of elongation usually +. 

In convergent polarized light, on tliick plates, a good biaxial inter¬ 
ference figure is obtained, the axial angle 2E D being large, 85°, and the 
character, —. The orientation is , „ 

X ** <J, V “ 6 and Z ~ c- 

Certain of these properties, espe¬ 
cially the habit and the weak, double 
refraction, may be turned to account 
in, the identification of this sugar in 
honeys or honey-dews. The d-glu- 
cose which frequently crystallizes out 
in honeys is in rods terminated at 
one end by planes lying 60 0 apart 
and rounded at the other end (Fig. 3); and in parallel polarized light 
showing at least in the centers of the grains brilliant colors of the second 



2 —Mclezito'e 
under the micro¬ 
scope 


Fig, 5 -Glucose un¬ 
der the microscope. 
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ord er. with — elongation. If the sirupy honey is removed from around 
these crystals by glacial acetic acid and the refractive indices are de¬ 
termined by the immersion method, the a of d-glucose is found to be about 
one unit in the second decimal place lower than that of melezitose, and the 
7 a like amount higher. Sucrose can also be readily distinguished from 
mdejritose by its much greater double refraction> a being 1.45 7 

1.57, and by breaking into irregular fragments with oblique extinction. 

It is believed that this method of examination of the crystals which 
develop in honeys will be of much aid in the systematic search for the 
occurrence of melezitose. 

WAhHlMOTON, D C 

[Contribution from tub Kent Chemical Laboratory of the University or 

Chicago 1 

the PREPARATION OF PARA-UREIDO-PHENYLACETYLUREA, 
AND RELATED COMPOUNDS. 

Uy Mary Rising 1 

Riceivtd October 20 I£19 

A study of the preparation of ureido phenylacetyluren was begun by 
the author, with the aid and advice of Professor Stieglit2, following the 
publication some time ago oi the work upon the synthesis of phenyl- 
ethy 1 -barbituric acid 2 Phenylcthvl-barbituric acid (luminal), widely 
used in the treatment of epilepsy, has hypnotic and sedative properties. 
Under certain conditions, the drug is known to have a toxic effect, and 
for this reason its use cannot lie prescribed in all cases With time erf 
peace at hand, when there is leisure to work along lines of theory, rather 
along those laid down by the imperative demands of war needs, the build¬ 
ing up of a new senes of compounds, related chemically to phenylethyl- 
barbituric acid, was undertaken. The effort has been made to retain in 
these compounds the excellent hypnotic properties of phenylethyl-barbi- 
turic acid, avoiding meanwhile those properties which are harmful. The 
compounds prepared in this way are to l>e thoroughly tested physio¬ 
logically, in the hope of discos ering a hypnotic of even greater value than 
is phenylethyl-barbitunc acid. 

The fact that phenylethyl barbituric acid possesses toxic properties 
which are not possessed by the closely related compound, diethyl-barbi¬ 
turic acid, suggested the toxicity of the phenyl group. For the modifica¬ 
tion of the phenyl group, we have first tried the introduction in the phenyl 
radical of a urea group, which might at the same time enhance the hyp- 

1 IV material given in (to report win be included fa the dissertatton of the author 
fa partial fulfillment of the requirements far the degree 0 / Doctor of Philosophy at th e 
University of Chicago 

* Rah* and Stieglitz, Tm» Journal, 40,4,715 (191*). 
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notie properties. Further, in place of the use of a dicarboxyUc acid rad¬ 
ical as in diethyl-barbituric add (veronal), and in phenylethyl-barbituric 
acid, a tnonocarboxylic add, phcnylacetic acid, was first used, as in the 
case of the hypnotic diethylbromo-acetylurea (adalin), as giving products 
easier of approach. Finally, we are introdudng into our compounds 
ethyl groups, and bromine, which have, as is well known, hypnotic proper¬ 
ties. These considerations have led us to undertake the preparation of 
the following group of compounds: (1) p-Ureido-phenyl-acetylurea. 
(2) p-Ureido-phenylethyt-acetylurea. (3) p-Ureido-phenyldiethyl-acetyl- 
urea. (4) p-Ureido-phenylethyl-bromoacetylurea. The preparation of the 
first of these compounds is described in this paper. 

p-Ureido-phenyl-acetylurea was made on the basis of the following 
series of reactions: 

(1) p-Nitrophenyl-acetyl chloride is condensed with urea in boiling 
benzene, and p-nitrophcnyl-acetylurea is formed. 1 
NO*.C«H*.CH,.COCl + NHj.CO.NHj —► 

NOj.CiH^.CHj.CO.NH.CO.NH* + HjO- 

(2) p-Nitxophenyl-acetylurea is reduced quantitatively to p-amino- 
phenyl-acetylurea by means of stannous chloride bi glacial acetic add in 
the cold. 1 

2NO5-CiHi.CH1.CO.NH.CO.NH5 + 6S11CI, + 14HCI -He 

(HjN .CO.NH.CO.CHj.CsH4 :NHj)*SnCl» + sSnCU + 4HA 

(3) The hydrochloride of p-aminophenyl-acctylurea is treated with 
potassium cyanate, whereupon rearrangement takes place, and p-ureido- 
phenyl-acetylurea is formed. 

ClHjN.CiHi.CHj.CO.NH.CO.NIi* + KCNO —► 

NH. CO.NH.CiHiCHj.CO.NH.CO NHj -f KCL 

Some preliminary preparations of related urea derivatives are first 
to be described: 

(1) The hydrochloride of p-amiaobenzyl cyanide was treated with 
potassium cyanate, and p-ureidobenzyl cyanide was formed. 
ClHiN.CiH4.CH1.CN -f KCNO —► NHj.CO.NH.C4i4 CHj.CN + KC 1 . 

(a) The methyl ester of p-ureido-phenylacetic acid is prepared: (a) 
by the esterification of p-ureidobenzyl cyanide, 

NH1.CO.NH.CiH4.CHj.CN + HOCH4 + H 4 > + HC 1 —> 

NH,.CO.NH.C,H4.CH,.C(X)CHi 4 - NH4CI, 

'Jacobs and Heidelbcrgtr, This Jovznau 39, 3418 (191?), 

1 Wtyl, Die Metkoden der orgOHixJum Ckemie, a, 31 1 (1909); cf. Thick and Dim- 
with, Ann., 305, 114 (1899). The first product isolated face below), is the chioro- 
•tanaate, Jacobs and Htidetberger (Lot til,), effected this reduction with ferrous 
wdfate and ammonia 
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and, (b) by the action of the hydrochloride of p-amino-phenylacetic methyl 
ester with potassium cyanate. 

ClH3N.CJI4.CHs.CO.OCHa + KCNO —*■ 

NHs.CO.NH.CJh-CHs.CO.OCH, + KC 1 . 

(3) By the hydrolysis of />-ureido-phenylacetic methyl ester, ^-ureido- 
phenylacetic acid is obtained. 

The ethylation of benzyl cyanide, preliminary to the preparation of 
p-ureido-phenylcthyl-acetylurea and the other compounds listed above, 
will be discussed below in connection with the preparative details. 

Experimental Part. 

Benzyl cyanide was converted into p-nitrobenzyl cyanide according 
to the method of Pschorr, Wolfes, and Buckow. 1 The method of these 
authors, together with certain modifications suggested by Hanke,* was 
used for the reduction of nitrobenzv! cyanide. p-Aminobenzyl cyanide, 
prepared in this way, was used in the synthesis of the first of our ureids. 

r. p-Amino-phenylacetic Methyl Ester, p-NHa.C3H4.CH1. CO, OCH*.— 
The hydrochloride of the ester is prepared according to the method 
used by us for the preparation of phenylacetic methyl ester in the synthesis 
of phenylethyl-barbituric acid. 1 To a mixture of absolute methyl alco¬ 
hol (112 g.), and water (6 g.) is added p-aminobenzyl cyanide (28 g.). 
When the saturation with hydrogen chloride is begun, the hydrochloride 
of p-aminobenzyl cyanide is precipitated. As the reaction progresses, 
the hydrochloride goes into solution gradually, and after some time a 
precipitate of ammonium chloride appears When the process of esteri¬ 
fication is complete, the alcoholic solution is cooled, decanted from the 
ammonium chloride, and almost all the alcohol evaporated in vacuo. 
On cooling, a heavy mass of the hydrochloride of p-amino-phenylacctic 
methyl ester settles out and is collected on a filter. Tlie crude yield from 
28 g. of cyanide was 32 g., containing some ammonium chloride. It was 
purified in the following way: A mixture of one part of absolute alcohol 
and 4 parts of dry ether was prepared, and 60 cc. of this solution shaken 
with 3 g. of the impure hydrochloride in a separatory funnel. All but a 
small sediment of ammonium chloride dissolved, and the supernatant 
solution of the hydrochloride was siphoned off. This solution was evap¬ 
orated to '/, its volume in vacuo, the residue cooled, and a heavy mass of 
nearly white, silvery leaves obtained, which is the hydrochloride of 
p-amino-phenylacetic methyl ester. An analysis for chlorine showed the 

* Ber ‘ 33 t 17 {'900). 

' ***• M ^ ton Hanke’, paper including this preparation m shortly to appear in Tata 

* hoc. cU. 
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product to be pure- The analysis of the hydrochloride of this same ester 
as prepared by Salkowsld 1 showed a very high chlorine content. 

Subs., 0.1095: oaN AgNO», factor 0.967, 5.59 cc. 

Calc, for C«HaO>NCl: Cl, 17.60. Found: 17.50. 

The hydrochloride was dissolved in 25 cc. of water and the solution 
made just alkaline with sodium hydrogen carbonate, methyl orange being 
used as indicator. The solution was then titrated with silver nitrate 
in the usual way, potassium chromate being used as indicator. 

The free base was prepared from the hydrochloride as follows: The 
hydrochloride (4 g.) was dissolved in 20 cc. of water and 50 cc. of ether 
was added. The calculated amount of sodium hydrogen carbonate (2.1 
g„ dissolved in .to cc. of water) was added in small portions, and the whole 
shaken in a separatory funnel. The ether layer was separated, and the 
aqueous residue extracted twice with ether. The ether extractions were 
combined and dried over sodium sulfate, the ether evaporated, and the 
remaining oil fractionated. At 75°, and 20 tnm. pressure, the oil com¬ 
menced to boil. At 140-150° and 17 mm. pressure the main fraction, 
the ester itself, distilled. At 155° and 17 mm. pressure a last fraction 
was obtained. Salkowski gives no boiling point in his description of the 
amino ester. 

2. p-Ureidobenzyl Cyanide, p-NH,.CO.NH.C t H 4 .CH 5 CN.—The 
hydrochloride of p-aminobenzyl cyanide is prepared by precipitation with 
dry hydrogen chloride from the solution of the free base in dry ether. 
The hydrochloride (13 g.), obtained in this way, is dissolved in 75 cc. 
of water, and to this solution is added potassium cyanate (7 g., the cal¬ 
culated amount and '/» excess, dissolved in 24 cc. of water). There is 
slight effervescence, due to the formation of cyanic acid, and the solu¬ 
tion thickens to a pasty mass as the ureido compound forms. This mix¬ 
ture is evaporated to dryness on the water bath, extracted with water 
to remove potassium chloride formed in the reaction, and any unchanged 
potassium cyanate, and the undissolved residue is collected on a filter. 
Recrystallization of this residue from 95 % alcohol yielded a product 
melting sharply at 170.5°. 

Subs, 0.0514: 10.92 cc. N (over 50% KOH) «t »** and 751.5 mm. (24°)- 
Calc, for C»H*N« 0 : N, *4,00. Found: 13.91. 

3. p-Ureido-phenylacette Methyl Ester, p-NH,.CO.NH.C*H < .CH*.- 
CQ.OCH».—This compound was prepared in two ways: (a) by the esteri¬ 
fication of p-ureidobenzyl cyanide, and (6) from p-amino-phenylacetk 
methyl ester hydrochloride by treatment with potassium cyanate. 

(a) Esterijkaiwn of p-Ureidobemyl Cysmid «.—The ureidobenxyl cyanide 
(7 g.) is dissolved in a mixture of absolute methyl alcohol (42 g.) and 
water (a g.). The process of esterification used in the preparation of 
* 9 #.. a*, 1919 ( 1893 ) 



13* 


KART RISING. 


p- nminn -phenylacetic methyl ester is carried out. When the alcoholic 
solution is decanted from the ammonium chloride formed in the reaction, 
it is set aside for a few hours, and presently a precipitate of white crystals 
of the ureido ester separates. The crystals are collected on a filter and 
are found to melt at no 0 . The yield of crude material was 4.5 g. Re¬ 
crystallization from 95% alcohol gave a product melting at 132 

{b) Action of Potassium Cyanaie on p-Amino- phmylacctic Methyl Ester 
Hydrochloride.—-The hydrochloride 16 g.) is dissolved in water (48 cc.) 
«nri potassium cyanate (4 2 g., the calculated amount and l /» excess, 
dissolved in 10 cc. of water) is added. The reaction seemed to go to com¬ 
pletion at once, and the pasty product of the reaction was not evaporated 
to dryness as in other similar preparations. When evaporation was 
carried out over the water hath, ammonia fumes were given off, showing 
decomposition. The mass was allowed to stand in the cold for about an 
hour, and was then collected on a filter and washed thoroughly with 
water. A yield of 5 6 g. of crude ester was obtained. It was recrystal¬ 
lized by solution in the smallest possible amount of warm 95% alcohol, 
and precipitation from this solution with a large volume of ether. White, 
shining needles were obtained in this way. of melting point 131 132 0 . 

Subs , o I 259 18 22 cc N (over 50' ' r KOH), at 19° and 749 2 mm 

Calc for CioHijN.Oi N. 1346 Found 13.46 

4. />-Ure»do-phenyUcetic Acid, p NH1.CO.NH.C4H4.CH1.COOH.- - 
This acid was first prepared by Traubc. 1 Our preparation by the hy¬ 
drolysis of p-ureido-phenylacetic methyl ester and recrystallization from 
alcohol gave a purer product. It melted with decomposition at 184- 
185°. (Traube, m. p. 174 0 .) 

Subs ,0128s «7')occ N lover 50% KOHj at 28°and 747 3 mm (28°). 

Calc for C1H10N1O1 N, 1443 Found 14 32 1 

The Preparation of p-Ureido-phenyl-acetylurea. 

1. p-Nitro-phenylacetic Acid, p- NO3.C4H4.CH1.COOH.—The acid was 
prepared according to the method of Gabriel 3 A quantitative yield 
was obtained, m. p. 151°. (Gabriel, m. p, 151,5-152°.) 

2. p-Nitro-phenylacetyl Chloride, p-NOj.C.Hc.CHjCOCl. -p-Nitro- 
phenylacetic acid, prepared as indicated above, was converted into its 
chloride by the method described by Wedekind. 4 A quantitative yield 
of p-nitro-phenylacetyl chloride was obtained, m. p. 42-45°, which was 
considered sufficiently pure for use. (Wedekind, in. p, 47°.) 

3. p-Nitro-phenyl-acetylurea, p-N0 1 .C*H4.CH,.a).NH.CO.NH,.— 
p- Nitro-phenylacetyl chloride was converted into p-nitro-pbenyl-aeetyl- 

1 Her., 15, mi (1882} 

* Traube found 14.04% N. 

* Ber., rs> 834 (t 88 »). 

4 Am., 378, 289 (1911). 
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urea fay treatment with urea in benzene solution. 1 When the reaction 
was complete the p-nifro-phenyl-acetylurea was collected on a filter. 
The crude material turned brown at 220 0 and melted with decomposition 
at 230°. Its purification was accomplished by rccrystallization from 
warm, glacial acetic acid, or from amyl alcohol. The purified product 
turned slightly yellow at 230°, softened somewhat at 233and melted 
to a reddish brown liquid at 237-239°. 5 This liquid solidified on cooling, 
and when put in the bath again at 225 °, melted. 

Sub* , 0.1027 <7 73 cc. N (over 50';/ KOHj at 26 * and 746 mm (23“) 

Calc, for C*H* 0 <N«: N, 1883 Pound 1884 

4. p-Amino-phenyi-acetylurea, p-NHj.C«H 4 .CH».CO NH.CO.NH*.— 
The reduction of p-nitro-phcnyl-acctylurea was accomplished with stan¬ 
nous chloride in glacial acetic acid which was saturated with hydrogen 
chloride. The following method was found to lie very successful, with 
each step in the process well defined: Its main advantage lies in the fact 
that the reduction takes place in the cold. The urea derivative had 
shown itself to be rather unstable when kept at a high temperature for 
any length of time. Dry hydrogen chloride was passed into 60 cc. of 
glacial acetic acid to saturation. To this acid was added 3 mols. of crys¬ 
tallized stannous chloride and 50% excess, in all, n .bg of 85% stannous 
chloride being used. The acid was heated slightly to dissolve the stannous 
chloride. The mixture was then cooled and pni t rophenv 1 - ace t y lurea 
(2 g.) added, and a stream of dry hydrogen chloride led into the flask, 
while the contents of the flask were stirred gently with the aid of a motor. 
After about 10 minutes, the urea was dissolved completely. Within 13 
minutes more a heavy, white precipitate settled out of the solution, which 
proved to be the complex tin salt of the amine. The flask meanwhile 
became somewhat warm from the heat of reaction. The stirring was 
continued till the mixture was quite cool (for about one hour). At the 
end of that time the tin salt was collected. When dry, the yield of this 
salt was 4.1 g„ the mass probably containing some stannous chloride, 
and the crystals being somewhat solvated. 

The free base was obtained as follows: The tin salt was dissolved in 
water and the solution made sufficiently add with hydrochloric add to 
give a blue-green tint with methyl violet. 1 Tin sulfide was then pre¬ 
cipitated with hydrogen sulfide, about an hour and a half being used for 
a Complete precipitation. The stannic sulfide was removed by filtra¬ 
tion and the filtrate concentrated in wicw at 45° to a small volume. It 

1 hater we found that Jacob* and Hcidelberger (Lax cti ) had prepared this com¬ 
pound by practically the same method. 

* As decomposition occurs at this temperature, the melting point depends largely 
«m the speed with which the bath is heated Jacobs and Hcidelberger give the melting 
point as 250-2°, with complete decomposition. 

* SUegliU, QualUetux Analysis, t, 214 (tpij). 
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was then made slightly basic with ammonia when a heavy precipitate of 
slender, white needles settled out. The base thus formed may be recrys¬ 
tallized by solution in acid and reprecipitation with ammonia, or it may 
be xecrystallized from boiling water, in which it is fairly soluble. It 
does not melt, but decomposes at 192-3The yield of the pure com¬ 
pound was 1.2 g., or 70 % of the theoretical amount. 1 

Subs., 0.0551: 1075 cc. N (over 50% EOH) at at 5* and 748 5 mm. (24"), 

Calc, for C ( H u OjN»- N, 21.76 Found. 21 85 

5. reido-phenyl-acetyluiea, p-NHj.CO.NH.CJI^CHj.CO.NH.- 

CO.NHj.—The hydrochloride of p-amino-phenyl-acetylurea was pre¬ 
pared by solution of the base (o 5 g.) in N hydrochloric acid (a.57 cc.). 
To this solution of the hydrochloride was added a solution of 0.28 g. of 
potassium cyanate (1 mol. and 1 / 1 excess) in 10 cc. of water. After the 
addition of the cyanate, the mixture became at once thick and pasty, 
and was evaporated to dryness on the water bath. The residue was then 
taken up in a little water to remove the potassium chloride formed in the 
reaction and the solid collected on a filter. The ureido-ureid was found 
to be quite soluble in hot water and is recrystallized from it. The yield 
of purified product was 0.47 g-, or 77.5^ of the theoretical amount. 

Subs „ 0.0S16 17.40 cc N (over 50% KOH) at 21 0 and 745 mm (21*) 

Calc, for CioHitOtN, N, 23 72 Found: 23.79. 

The Ethylation of Benzyl Cyanide. 
a-Phenylbutyronitril, CH,.CH,.CH(CtH*).CN.—Tlie substitution of 
an alky! group for one of the aliphatic hydrogens in the benzyl cyanide 
molecule takes place in two stages, the formation of a sodium salt and 
the replacement of sodium by the ethyl group.* 

The completeness of the reaction in which a-phenylbutyTonitril is 
formed depends, first of all, clearly upon the formation of a 
amount of the sodium salt of benzyl cyanide. In the first attempt to 
prepare this sodium salt, metallic sodium was used, but the method of 
Bodroux* for the preparation of a-phenylbutyronitril was otherwise fol¬ 
lowed. Bodroux used sodium amide in place of metallic sodium. 

Fine sodium wire (2 4 g.) is placed in 40 cc. of sodium-dried ether, 
under a reflux condenser. Benzyl cyanide (12 g.) is then dropped slowly 
into the flask containing the sodium and ether, two or three drops of 
absolute alcohol are added, and the reaction begins promptly. The ether 
boils, and most but not all of the sodium dissolves in the course of an 
hour. At the end of that time the ether solution has turned red, and a 
mass of the sodium salt, mixed with small particles of sodium, is deposited 
on the bottom of the flask. The nurture is heated for half an hour over 

«Jacobs rod HeideJberger effected the reduction with ferrous sulfate. Their erode 
yield was 73% of the theoretical amount 

* BttU. toe. chin , 4, Ser. 7, 666-667 (1910). 
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the water bath, and then cooled. Ethyl iodide (16 g.) is added slowly to 
the suspension of the sodium salt, whereupon the mixture becomes warm 
and boils, and a light colored precipitate (Nal) settles out. When the 
boiling has ceased, the contents of the flask are heated for hall an hour 
over the water bath and are then treated with a little water to dissolve 
particles of sodium and the sodium iodide. The ether layer is separated 
and combined with ether extracts of the aqueous solution. The whole 
ether extract is dried with calcium chloride and the ether removed by 
evaporation. The residue from the ether solution is a dark red oil, which, 
when subjected to vacuum distillation, boils from 70-105°, at 10 mm. 
pressure, all but a few drops of the distillate passing over above 100°. 
The yield of distillate was 6 4 g. 

When sodium amide' was used in the preparation of the sodium salt 
of benzyl cyanide, a better yield of the ethylated product was obtained. 
From 12 g. of benzyl cyanide, a yield of 10 g. of distillate boiling at 108- 
118°, at mm., was obtained. This oils contains, as stated by Bodroux, 
a-phenylbutyronitril, and any unchanged benzyl cyanide. Since the 
boiling points of the two nitrils lie too close together to make a separation 
by fractionation possible, it was found necessary" by us to saponify the 
nitrils, in order to effect a separation. Phenylacetic acid melts at 76°, 
and a-phenylbutyric add at 42°. In order to determine the degree of 
completeness of the reaction just described, hydrolysis of the distillate 
of boiling point 108-118 0 , at 12 mm., was undertaken. 

Our method of saponification was the following: The 10 g. of distillate 
was boiled for 8 hours with 15 g. of potassium hydroxide in 60 g. of 95% 
alcohol. At the end of this time the alcohol was distilled off in vacuo 
and the residue was extracted with ether to remove any unchanged nitrils. 
The alkaline solution was then made slightly" add with dil. hydrochloric 
add and extracted with ether several times. The ether extracts were com¬ 
bined, dried over caldum chloride, and the ether evaporated. The resi¬ 
due, a thick oil, solidified slowly on standing *« vacuo, and 10.3 g. of crys¬ 
tals were obtained melting at 37-40°. The crystals were mixed with some 
oily material, which was removed by purification. To this end, tire oily 
crystals were dissolved in concentrated ammonia and the solution was cooled 
in a freezing mixture. To it was added slowly cold cone, hydrochloric 
acid and enough water to dissolve the ammonium chloride which formed. 
When an excess of add had been added, the solution became turbid, and 
if it had been kept at a low temperature during the addition of the add, 
the a-phenylbutyric add precipitated out in fairly pure form. Crystals 
obtained in this way were slightly yellow and melted at 40-42°. From 
ta g. of benzyl cyanide, a yield of 8.1 g. was obtained, or 48% of the 
theoretical amount. 

1 Bodroux, hoc, tit. 
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From a second preparation of a-phenylbutyroaitril with sodium amide, 
in which 48 g. of benzyl cyanide was used, a yield of 49 g- of distillate 
honing at 70-1 io°, at io mm , was obtained, all but a few drops of which 
distilled above ioo°. 

The distillate (6 4 g) from the ethylation of 12 g. of benzyl cyanide 
with metalli c sodium was hydrolyzed and a yield of about 4 g. of aphenyl- 
butyric acid obtained, of melting point ■ 

An attempt to substitute calcium carbide for sodium amide and sodium 
in the action with benzs 1 cyanide was made, but proved unsuccessful, be¬ 
cause the carbide was not attacked appreciably 

Summary. 

The successful preparation of p - u re 1 do-phen y 1 -aeetylurea is described 
as the first of a senes ot ureidophenyl acyl denvatives of urea which are 
intended to form the basis for a study of their physiological activity, par¬ 
ticularly as hypnotics Intermediate products and their preparation are 
described The preparation ot other denvatives of the senes, such as 
ureido-phenylethy 1 acetvlurea and ureido-phenylethyl-barbitunc and, 
is well under was in this lalxiratory and will tie reported on at a later 
date 

Chicago Ti.ua til. 


[Contribution from thi Bureau of Chemistry. V S Department of 

Agriculture ) 

METHYL AND ETHYL AMMONIUM MERCURIC IODIDES: 

THEIR PREPARATION, CRYSTALLOGRAPHY, 

AND OPTICAL PROPERTIES. 

By Georgy S Jamieson and Edoar T Wherry 
R ccrivrt) October 22 1119 

The compounds descnlied in this paper were obtained by adding potas¬ 
sium mercunc iodide (Mater's reagent) to aqueous solutions of the amines 
which had been acidified with hydrochloric add. Woodward and Als- 
berg 1 discovered that minute quantities of tertiary methyl and ethyl 
amines could be precipitated and detected by means of Mayer's reagent 
in the presence of the pnrrur, amines as well as the secondary amines 
provided the latter were present in small amounts. However, when 
one cc.. of solution contains more than 20 nig. of diethylamine or more 
than 4 mg of dimethyl amine, these compounds are precipitated with 
Mayer's reagent In addition to the tnmethyl and triethyl ammonium 
mercunc iodides described by Woodward and Alsberg, Woodward pate- 
pared tetramethyl ammonium mercunc iodide, which was recently found 

1 A paper on "A New Reagent for Volatile Tertiary Amines,” was presented 
September, 1916, at the New York meeting of the American Chemical Society, and wffl 
be published later 
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to melt at 236 °, and the coma ponding ethyl compound, which melts at 

* 55 •• 

All of the substituted ammonium mercuric iodides were bright yellow 
in color and had the common properly of being decomposed by water with 
the separation of red mercuric iodide. It was also observed that all of 
the compounds investigated were readily soluble in potassium iodide. It 
is of great importance, therefore, to prepare Mayer’s reagent exactly as 
described below in order to avoid an excess of potassium iodide which would 
prevent the detection of small quantities of the tertiary amines as pro¬ 
posed by Woodward and Alsberg. 

The methyl and ethyl ammonium mercuric iodides have been submitted 
to detailed crystallographic and optical investigation in order to obtain 
means for their identification. 

Experimental Part. 

Dimethyl Ammonium Mercuric Iodide, (CH.hNH.III.Hgl,.—This 
compound was prepared by adding a distinct excess of Mayer’s reagent 
to a slightly acidified solution of dimethyl amine hydrochloride. The 
Mayer’s reagent employed in this investigation was made of 45 g. of mer¬ 
curic iodide and 33 g. of potassium iodide in water so as to make exactly 
100 cc. of solution. It is important to weigh l>oth of the iodides with care 
in order to avoid an excess of the pot;issium iodide in which all the substi¬ 
tuted ammonium mercuric iodides are readily soluble. When Mayer’s 
reagent was added to the dimethyl amine hydrochloride solution at room 
temperature, a heavy oil separated which was readily changed to a bright 
yellow crystalline meal by shaking the solution and cooling it to about 
15 0 . The crystals were filtered with suction, washed twice with small 
portions of cold water, and thoroughly pressed on filter paper. Further 
washing must lie avoided in order not to decompose the compound. The 
appearance of red mercuric iodide indicates decomposition. The filtrate 
was allowed to remain in an ice box for a day and a small crop of somewhat 
larger crystals was obtained. This compound was found to have an 
extraordinary' solubility in alcohol and acetone. On the other hand it 
was almost completely insoluble in ether and chloroform. Many futile 
attempts were made to recrystallixe this compound by dissolving it in 
alcohol or acetone together with various quantities of ether or chloroform. 
The compound was found to melt at 122 6 . An analysts for mercury gave 
the following result: 

Subs., 0.4160: HgS, 0.1173. 

Cak. for (CH.hNH.HI.Hgb: Hg, 32.02, Found: 32.08. 

The analysts was made by dissolving the weighed portion in about 20 
ce, of 20% sodium sulfide solution and the mercury sulfide was precipi¬ 
tated by adding a alight excess of 1:3 sulfuric acid. After heating 
for 5 minutes on the steam bath, the solution was allowed to stand until 
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the mercury sulfide had settled. The precipitate was collected in a Gooch 
crucible, washed with water, then with absolute alcohol, and the precipi¬ 
tated s ulf ur was extracted with carbon disulfide. The mercury sulfide 
was then dried at ioo° and weighed. 

A series of experiments was made in order to ascertain how small a quan¬ 
tity of dimethyl amine could be detected by Mayer’s reagent, and it was 
found that no precipitate was obtained when less than 20 mg. of the amine 
per cc was present. 

Trimethyl Ammonium Mercuric Iodide, (CHt)tN.HI.Hglt.— This com¬ 
pound, which was first prepared by Woodward and Alsberg, was obtained 
in the same manner as the previous one described above, except that it is 
not necessary to cool the solution because it separates at once in a crystal¬ 
line form. After filtering the crystalline precipitate and pressing it on 
filter paper, it was dissolved in warm 95% alcohol and as the solution grad¬ 
ually cooled, long, slender, yellow prisms separated. It is very easy to 
grow crystals 5 cm long. The recrystallized compound melted sharply 
at 136°, which is identical with the melting point found by Woodward and 
Alsberg. Since none of the crystals from alcohol had any definite end 
faces, some of them were dissolved in acetone, m which they are very 
soluble, and after adding 3 volumes of chloroform, the solution was placed 
m the ice box to crystallize Beautiful needle-like prisms with well de¬ 
veloped end faces were obtained. These crystals were employed far the 
crystallographic work described below. An analysis for mercury gave 
the following result- 

Subs . o 2831 HgS, o 1015 

Calc for (CHj)jN HI Hglj Hg, 3138 Pound 3139 

Diethyl Ammonium Mercuric Iodide, (C,H»)jNH.HI.HgIi.-—This 
compound was obtained in the form of a dark yellow oil by adding Mayer’s 
reagent to a slightly acidified solution of diethyl amine. The solution 
was agitated while it was being cooled to 10 0 and the oil solidified into a 
bright yellow crystalline meal. This compound like the corresponding 
dimethyl derivative described above was found to be exceedingly soluble 
in alcohol and acetone and difficultly soluble in ether and chloroform. 
Some of the product was dissolved in acetone, and chloroform was added 
in a sufficient quantity to produce a slight turbidity. A gentle current 
of air was directed across the surface of the solution and when it became 
cold, due to evaporation of some of the volatile solvent, small crystals were 
formed. Also some well developed crystals were obtained from the aqueous 
solution from which the precipitated compound had been filtered by al¬ 
lowing it to remain for two days in the ice box. These crystals, as well 

as those obtained from the acetone and chloroform solution, melted at 
about 114°, 

A series of experiments was made in order to determine how small 
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a quantity of diethyl amine could be detected by Mayer's reagent and 
it was found that no precipitate was formed when less than 4 mg, of the 
amine per cc. was present. An analysis gave the following results: 

Subs., 0.2752: HsS, 0.0977. 

Calc for (C»H,)*NH.Hr.HgIj: Hg, 3060. Found: 30.69 

Triethyl Ammonium Mercuric Iodide, (C»Hs)iNH.HI.HgIj.—For the 
preparation of this compound pure triethyl amine was made by L. Mikeska 
of this Bureau. A slight excess of Mayer's reagent was added to 4 g. of 
triethyl amine which had been acidified with hydrochloric add and di¬ 
luted to 30 cc. with water. The compound separated in the form of a 
dark yellow oil and solidified to a bright yellow crystalline powder when 
the solution was cooled to —io°. After filtering off the crystals, the fil¬ 
trate was allowed to stand for two weeks in the ice box, but no further 
separation of crystals or oil took place. This compound was found to 
melt at 59 to 60°. However, it should be observed that when Mayer’s 
reagent is added to a 0.01 N solution of the triethyl amine hydrochloride 
and allowed to remain in the ice box overnight, the compound separated 
in the form of very small crystals instead of an oil as mentioned above 
which is in agreement with the observations of Woodward andAlsberg, 
who first prepared it. These crystals melted at 77 0 to 78°. This compound 
is extremely soluble in alcohol and acetone and insoluble in chloroform 
and ether. Many experiments were made to recrystallize it but all were 
unsuccessful. 

An analysis was made with the following results: 

Subs. 03132’ HgS, o 1037. 

C«k for (C,H»),N.HI Hgl,’ Hg. 29.34, Found: 39 17 

Crystallography and Optical Properties. 

In order to obtain means for the identification of the above described 
compounds, they have been submitted to detailed crystallographic and 
optical investigation. The crystallographic measurements were made 
on a Goldschmidt two-circle goniometer, and the angles are given in the 
coordinate system, as meridian-distance (longitude, azimuth) p and pole- 
ilistance p. When an attempt was made to study the optical properties 
by the immersion method, the difficulty was encountered that these com¬ 
pounds are decomposed by all immersion liquids approaching them in re¬ 
fractive indices. The indices are extremely high, in the neighborhood of 
1.9-a .0, and the only liquids available are solutions of metallic iodides or 
of arsenic sulfide in methylene iodide. Even though approximate de¬ 
terminations of indices were passible in some cases by working rapidly, 
the values obtained were too uncertain to be of any value in the practical 
identification of the substances, therefore, only optical properties other 
than indices are recorded. In fragments under the microscope the com¬ 
pounds all agree in being faintly yellow in color, without noticeable afco- 
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Chroian; and their features agree in every case with the theory for the 
system indicated by the crystallographic measurements. 

i: t-D imethyl Amm onium Mercuric Iodide, (CH,),NH.HI.HgIj.—The 
crystals of this substance obtained on allowing the mother liquor from the 
first crop to stand are only about 2 5 mm in length, but are well suited to 
crystallographic measurement Thev have the aspect of distorted square 
pyramids, and are often cavernous or again built up by subparallel inter- 
growth of several individuals By working over the material, 6 crystals 
yielding fairly good reflection- were finally picked out They proved to 
belong to the rare class of the monoclinie system known variously as 
dinohedral, domatie, or No 3. They were oriented so that the large 
square face became the lower base, and the two-faced form lying most 
nearly at right angles to this base the front unit prism. The other promi¬ 
nently developed two faced form then became the back upper unit pyra¬ 
mid, and the minute faces of other forms sometimes present had the posi¬ 
tions of the upper base, the front dinopinacoid, and front lower unit 
pyramid. A diagram of a crystal exhibiting all these forms is shown as 
Fig. 1. Most of the crystals are bounded only by the 5 faces of C, hi and f>. 




Hah of the crystals were mounted with the obtuse end up, and served 
to measure the coordinate angles of the base and the unit mism.^he 
ance were mounted m the opposite manner, the prism being put in 
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polar position, and the angles of the unit pyramid were then obtainable. 
The results of these measurements are presented in Table I; the probable 
error of the angles is about ±5', and the axial ratio accordingly certain to 
5 units in the third decimal place. 


Table T —Angles of i ; i-D imethyl Ammonium Mercuric Iodide. 
Monoclinic, domatic. a , b c “ 09687 . 1 I 3406, 8 *= 78“ 20'. 


Number, 

tetter 

Symbols 


Angle* observed 

Odt 

Mitt 

Description 

* 

p 

1 t 

O 

001 

Minute, rarely present 

90“ 00' 

11 * 40' 

i c 

“ “O 

00T 

Prominently developed 

9<>“ 00' 

11 0 40' 

3 a 

GO 0 

ton 

Minute line face 

90° 00' 

90* 00' 

4 m 

00 

110 

Prominently developed 

46° 30' 

90® 00' 

a P 

— 11 

in 

Prominently developed 

4J° 00' 

61° 00' 

(, P 

I" 1 

In 

Minute, rarely present 

44® 00’ 

61 ° 00' 


No other compound approaching this in composition, with which com¬ 
parison of crystal form might t»e made, appears to linvc been measured, 
although it may be noted that a cesium mercuric iodide, with a somewhat 
different formula type, sCsl.yHglj, has lieen ol>scrved to crystallize in 
the same class. 1 Under the microscope double refraction is extremely 
strong, extinction is oblique, optical class biaxial, axial angle large, and 
sign negative. 

1: i-Diethyl Ammonium Mercuric Iodide, fC t H*'sNH.HI Hgl».—The 
crystals obtained from a mixture of acetone and chloroform are nearly 
equidhnensional, with the aspect of somewhat flattened rhombic dode¬ 
cahedrons. On setting up and measuring several crystals it was found 
that the system is rhombic, with the 3 axes not differing greatly in length, 
thus pcri-enbic Flattening may occur in the direction of any of the three 
forms present, but after a few trials the orientation of any of the crystals 
can be readily found. It was decided to make the axes a>b>c, and on 
this basis the following angle table has been prepared. The probable 
error of the angles is * 2', and the axial ratios certain to a few units in the 
fourth place. 

Table It.—A ngles or 1 . 1-Diethyl Ammonium Mercuric Iodide 
Rhombic, peri-cubw. a : b : r * 1 1572 : 1 o 9101. 

^ ^ Syaibnb Angles oh wneJ 


letter 

(Mt 

Mill 

Description 

e 

A 

1 in 

00 

no 

All (amts 

40“ 50' 

90® OO' 

2 r 

ot 

ou 

equally 

0* 00' 

42 ® » 9 ' 

3 d 

10 

IOI 

developed 

90° 00' 

38 ® »»' 


There appears to be no relation whatever between the crystal fora of 
this and the dimethyl compound, but it is interesting to compare the di¬ 
ethyl mercuric iodide with the corresponding chloride, which was de- 
' PeafieH, Am. J. So., fj) 44, 3 „ {,*„). 
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**- U 

Fig 3 



scribed by Topsoe 1 as rhombic pseudotetragonal (peritetragonal as here 
used) with a b c = 0.9853 1 • o 4624- If in the present compound 
the a and b axes should be interchanged, and the domes taken as oar 
and 2oi, respectively, the ratio obtained would 
be 0.8642 : 1 • o 3933, which is fairly dose to 
the value for the chloride. The habits of the 
\ two are so different, however, that no dose iso¬ 
morphism is to be inferred to exist between them. 
Under the microscope the double refraction is ex¬ 
treme, extinction symmetrical, optical dass biaxial, 
axial angle very Large and sign positive 

1: i-Trimethyl Ammonium Mercuric Iodide, 
(CHa)jN HI Hglj —The crystals obtained from 
alcohol consist of rods grouped into flat dusters 
without definite terminal planes, but from a mix¬ 
ture oi 3 parts chloroform and one of acetone 
terminated needles fairly well adapted to crys 
tallographic measurement were obtained The 
results are presented in Table III, the measure¬ 
ments having because of the minute size of the 
crystals, a probable error of =*= 5', so that the axial 
ratio is not certain beyond the third place The 
prism angle deviates but a few minutes from 60 °, 
so tlie substance is markedly pcnhcxagonal 






s i 


Ir '1 


Fig 4 



Tabi.k III — Ancles op 1 

1 TRiMETnvt. Ammonium 

Mercuric 

IooibK 



Rhombic, penbexagon.»J 0 0 c -- 1 yibj 

1 0 VS&V 




^3 ntbol* 


Aaele* observed 

Number, 

—- 

— 




tetter 

Gdl 

Mill 

Desert pt too 

V 

p 

1 

c 

O 

OOJ 

Very narrow but definite 


0° 00' 

2 

b 

<> Cr 

(»IO 

Narrow but well marked 

a* 00' 

90* o<)' 

3 

a 

CCrj 

TOO 

Prominent 

90“ 00' 

go" 00’ 

4 

m 

c/ 

110 

The dominant form 

©5' 

go" t»' 

s 

d 

If) 

IOI 

1 he principal termination 

*»• no' 

2g" 00' 

6 

e 

20 

201 

A small terminal tons. 







p ailed 47 0 57' 

90* 00' 

48'* 

7 

P 

l 

in 

Minute but definite, 







p cftlwt 47 * J3 

30 * A 

48** 


Tlie chloride corresponding to this was measured by Topsde* and found 
to be monoclinic, pseudo or perihcxagonal with 0 , b : c « 1.6165 : t: 
1.6538 and 0 = 97 0 18' If the vertical axis of the iodide is doubled, the 
corresponding values for it are 1.7262 . i , 1.9138 and 0 90“. A cer- 

* Y^rf D<tKsic ‘ VuUnskabm ** SehMabt, Cvpnkatin, 18»*; Z Krjtt tfwiewfcj. 
8, *46 <iMj); and Groth's Chem Jtryri , j, 371 (,906), 

* hoc, at. 
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tain degree of similarity, though no definite isomorphism, is thus shown 
between the chloride and iodide compounds. Under the microscope 
double refraction is extremely strong, extinction is parallel, optical dass 
biaxial, axial angle large, and sign negative. 

i: l-Triethyl Ammonium Iodide, (C*H»)*N.HI.HgI*.—-In spite of 
repeated trials it was found impossible to obtain well developed 
crystals of this compound. In the crystalline mass obtained by solidi¬ 
fication of the oil first obtained, however, there could be found occasional 
individuals with definite though rough bounding planes. These yielded 
measurements sufficient to show the system to be monoclinic, peritetragonal 
although the angles were in no case measurably closer than =*=30', and 
the axial ratio is accordingly uncertain beyond the second place. Crys¬ 
tals earlier prepared by Mr. Woodward were too rounded for satisfactory 
measurement, but appeared to be about the same as those here described, 
except for tabular development on a pinacoid (a or M. 

Tabus IV.—Avgi.es or 1 i-Triethvt. Ammonium Mercuric Iodide. 


Monodink, peritrtragonal 

a ■ b ■ c » 1 15 1 

I OS, fl *= 62° 

30'. 

'Number' 

letter 

Symbol* 


Angles observed. 

Odt 

Mill 

Description 

* 

r - 

1 C 

O 

OOI 

Chief terminations 

90* 00' 

*7 ° 30' 

2 m 

00 

no 

Dominant form 

44 * V>‘ 

90" 00' 

3 & 

—10 

107 

Minute 

<jO T 00' 

28'30' 


The"chloridc corresponding to this does not appear to have been pre- 
pared,|but it;is curious to note that the form of the triethvl iodide is similar 
to that of the diethyl chloride compound. 'Die latter was described as 
rhombic, with a : b : c « 0.9853 : 1 : 0.4624 but with only one face of 
the brachydomc usually developed. If the iodide should be so oriented 
that the forms here taken as the base and orthodome together make up a 
brachydomc (distorted), the axial values would lie 0.98 . 1 : 0.53. Too 
much significance should not, however, be attached to this similarity. 
Under the microscope, the double refraction is extreme, extinction oblique, 
dass biaxial, and axial angle large. 

1: i-Tetramethyl Ammonium Mercuric Iodide, (CH»bNl,Hgl*.-~Crys¬ 
tals of this substance prepared by Mr. Woodward several years ago, and pre¬ 
served in the Bureau, were found to he minute needles, closely resembling 
the trbnethyl compound, though differing in important respects. The 
system is rhombic, but the angles are peri hexagonal, as in the preceding, 
la the present case, however, the crystals are oriented so that the front- 
back axis a is shorter than b , to bring out the relationship with the corre- 
sponding chloride. The angles are not measurably closer than *30', 
so that the axial ratio is uncertain beyond the second place. 
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Tablb v.— Angles op i ■ i-Tbtrambthvi. Ammonium Mercuric Iodcob. 

Rhombic, peribe vagonal a b i ■> oj9 ■ I : 0.52 

Symbols Angles observed 


Number, 

letter 

Gdt 

Mill 

DestrujtKm 

* 

# 

l 

b 

OOO 

OIO 

Distinct 

o°oo' 

90' 00' 

2 

a 

00 0 

IOO 

Distinct 

90° 00' 

90” 00' 

3 

m 

00 

I 10 

Dominant prism form 

59 ° 30 ' 

90° 00’ 

4 

d 

IO 

IOJ 

Distinct 

90 0 or/ 

4 > 0 30' 

5 

P- 

l 

J I I 

Chief terniinatioti 

59° 30' 

45 ° 30 ' 




The tetramethvl ammonium mercuric chloride, as described by Topsbe 1 
is mottoclhuc, but perihexagonal, its axial values not diverging much from 
those of the iodide a b c ~ 05657 1 04813 and (3 = 93 0 33' 

as against 0.59 1 0.52 and 90 0 here obtained The two are thus iso- 

morphous to the extent that their underlying structures are probably 
dosely similar The tetramethvl iodide is also dose to the trimetby! 
iodide described previoush , if the orientation is changed so that the long 
horizontal axis' is a, then the axial ratio would become - 1 69 1 o 88, 

as against 1 73 1 o 96 for the tnmethvl compound Isomorphism 

is again shown here. Under the micro¬ 
scope double refraction is extreme, ex¬ 
tinction is parallel, and dass is biaxial, 
the acute bisectrix apparently running 
lengthwise of the needles, so that inter¬ 
ference figures arc difficult to obtain. 

iu-Tetraethyl Ammonium Mercuric 
Iodide,(CjHtKNI Ugl. —The specimen 
of tins substance prepared by Mr. Wood- 
ward, and preserved in the Bureau of 
Chemistry collections, proved to consist 
of crystals of two habits. The bulk of 
the material is in tabular crystals, about 
o 5 mm in diameter (Fig. 6), but scat¬ 
tered through these there are occasional 
prismatic crystals one mm. or more long, 
but less than o. 2 mm. thick. The angles 
on these two types of crystals arc iden¬ 
tical, and they evidently merely repre¬ 
sent two crops of the same substance. The system proved to be tetragonal, 
with a positive axial ratio, as shown in the table, the probable error of the 
measurements ±3' rendering the value of the axial ratio certain to about 
one unit in the third place. 

'Loc. tit. 



Pig- 3 - 



Fip. 6. 
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Table VI.— Ancles of i : i-T etraethyl Ammonium Mercuric Iodide. 




Tetragonal a • c *» 1 . 1 1577. 



Namixw, 

letter. 

Symbols. 


Angle* observed 

Gdt. 

Mill 

l><MKmpttow 

* 

p 

1 c 

O 

OOI 

Dominant form (absent 






on prismatic crystals) 


o° oo' 

3 a 

06 O 

loo 

Narrow, but always present 

90 * 00 r 

90° 00' 

3 « 

00 

no 

Prominent form 

45 ° OO' 

90° 0 o' 

4 P 

l 

11 r 

Narrow on plates, proini 






nent on pr ismatic crystals 

W' <*'' 



The chloride corresponding to this in formula has been described by 
Topsbc 1 as triclinic, with all three axial angles near 90 and tabular on />; 
but if the tabular form is made c a certain degree of resemblance is shown 
Ijctwecn the two compounds. The pole distances of forms in pyramidal 
positions are then 51 0 04', 61 0 17' and 70 0 53', average 61 0 05', as against 
the 58° 35' observed for the tetragonal pyramid on the iodide. The 
approach of these values is sufficiently marked to indicate at least a sim¬ 
ilarity in the structures underlying the two substances. Under the micro¬ 
scope the plates are practically isotropic, and in convergent light yield a 
uniaxial positive interference figure, ami the double refraction is very strong. 

Summary. 

The new compounds dimethyl and diethyl ammonium mercuric iodide 
have been prepared and desoriljed. The amount of these compounds 
which can be detected by precipitation with Mayor's reagent lias been 
determined. The crystallography arid optical properties of di-, tri , and 
tetramethyl and ethyl ammonium mercuric iodides have lieen described. 

W A<U»l»nrnN, L> C 
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SOME DERIVATIVES OF p-DICHLOROBENZENE.* 

By Joyce H. Crowell and L Chas Raiford. 

R«fiw4 Octtibtt 

The use of raonochloroliemene in the manufacture of both phenol* 
and picric acid,* and the fact that the preparation of the starting ma¬ 
terial always involves the production of considerable amounts of the 
dichlorinated compounds show that the latter are relatively plentiful 
by-products. In accord with the best technical practice,* more than 4% 

1 hoc. fit. 

* This report represents a pan of a thesis presented by Joyce H. Crowell to the 
Graduate College of the State University ol Iowa in partial fulfillment of the requirc- 
meats for the degree of Master of Science, July, lory. 

’ C. A., «, m (t 9 tri. 

* Marshall, Mxpifuim ,,, {, 9 , 7 ). 

* Ulloian, Kmyhlop letk Chem, 11, p, 370. 
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of the benzene used for this work is converted into p-dichlorobenzene, 
which is said to have practically no industrial value except that p-phenylene- 
dianaine 1 ran be produced from it on a semi-technical scale. It seemed, there¬ 
fore, a matter of interest to study more carefully than had been done before 
some of the derivatives of p-dichloro benzene. 

Among the reactions that suggested themselves in this connection, the 
following were considered (a) The removal of one or both chlorine 
atoms and their replacement by hydroxyl or other radicals; (b) the prep¬ 
aration o f some of the possible mtrosulfonic adds and their derivatives. 

To secure material for the work indicated it was necessary to prepare 
a quantity of the well-known mononitro compound, 2,5-dichIoronitro- 
benzene, for which we have determined the optimum conditions and 
recorded the yield 5 This material was reduced to 2,5-dichloroaniline, 
which was then sulfonated in accordance with the method of Noel ting 
and Ropp,' after which the acid (or its sodium salt) was oxidized to 2,5- 
dichloroquinone, and the latter reduced to its hydroquinonc, in order to 
secure material with which to compare the derivatives of our new nitro- 


NO, NH. NH, 



NO, NH, 

i 


_Cl CJ 

y~ N=N— 


1 Chem Centr, Tpo8, II, mi, 

* Though this compound has been prepared by several chemists no one whose data 
' Bet,, 38,3513 (1903). 
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sulfonic add (see experimental part). This was obtained through the 
nitration of 2,5-dichlorobenzene sulfonic acid, which was prepared by 
Holleman and van der Linden’s method 1 modified in such a way as to 
enable us to isolate and recognize as 2,2'-5,5'-tetrachloro-diphenylsulfone, 
■the insoluble body mentioned but not isolated by Lesimple.’ The identity 
of this add was established by the study of several of its salts and other 
derivatives, while its consitution was determined by the reduction of its 
sodium salt and the oxidation of the corresponding amino compound to 
2,5-dichloroquinone. These reactions may be briefly indicated by the 
formulas given above. 

Experimental. 

Starting Material.—The p-dichlorobeozene with which this research 
was begun was obtained from the Dow Chemical Company, and con¬ 
sisted of white, massy, transparent crystals that melted sharply at 53*.* 

It was free from the ortho and meta isomers, which are liquids at ordinary 
temperatures, and was used without further purification. 

Nitration of p-Dichlorobenzene .—The mononitro compound was 
obtained in almost theoretical yield by a modification of the method 
published by Morgan,* special care being taken to avoid the formation 
of isomers* through the introduction of more than one nitro group. We 
found it more satisfactory to add the mixed acids in 4 or 5 portions dur¬ 
ing half an hour, and to shake the flask during the entire period, after 
winch the mixture was heated for an hour or so on the water bath. The 
product was separated and purified in the usual manner, and had the 
melting point and other properties recorded by Morgan. 

The Sulfonation of p-Dichlorobenzene. —Lesimple* studied the action 
of sulfuric add on a dichlorobenzene, evidently the para compound, as 
early as 1868, and described a dichloro-benzenesulfonic acid and several 
of its salts. Beilstein and Kurbatow’ found later that f-dichlorobenzene 
reacts with sulfuric acid with much difficulty, and then only incompletely 

1 Rec trav. chin., 30, JOJ (1911). 

1 Bull. sac. ckim., |j] io, 166 (i8<i8). 

* AU melting points reported in this paper arc uncorrected 

* J. Cktrn. Sac., 81, 138a (1907). 

* Morgan found that the introduction of a second nitro group gave two isomers. 
a,j-dicbloro-i,4-dinitrobenicne and 3,3-dichloro-i,j-dmitrobeiuene, and that the first 
was formed in largest amount, though ht did not record the v-wld of either. Hartley 
and Cohen (/. Ckem. Sac., 85, 865 (1904)), also, found that two isomers were tanned, 
and that the quantity of the meta compound (the second one named above) was about 
fi tunes that of the para isomcridr, but no yields were given; while Nason (Tms Jomutan, 
4 °> »&» U918)) has recently found that when two nitro groups are introduced the 
Wtthjfit i» a mixture oi ah j ol the poasifate women. The relative yields were de- 
termiacd, the fora compound being present in t&rgem amount. 

* Lac. co, 

’ ***•, % 1760 
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even after long heating in a sealed tube at 230°, using massy, fuming 
acid, while Holleman and Van der Linden 1 state that sulfuric actd con¬ 
taining more than 0.3%- of free sulfur trioxide will sulfonate^ it. For 
more satisfactory results they recommend an acid containing *°% 
sulfur trioxide, at ordinary temperature, and acting for 24 hours time., 
We obtained the highest yields of product by the use of an acid contain¬ 
ing 10-12% of sulfur trioxide, when the reaction was carried out as fol¬ 
lows: A mixture of 150 g. of dichlorobenzene and 225 g. of the sulfuric 
acid specified was placed in a suitable flask and heated to 140-150 , 
while the material was kept in constant motion with a mechanical stirrer. 
After about 45 minutes the two layers had disappeared and the mixture, 
which was quite dark in color, was cooled somewhat and poured into a 
large volume of cold water. This caused the separation of any unchanged 
material present together with some of the tetrachloro-diphenylsulfone 
already referred to. About 35 g. of solid was filtered off at this point 
and the filtrate concentrated, after which, upon cooling, the sulfonic 
acid separated out in long, colorless needles Recrystallwation from water 
removed practically all the sulfuric acid. A yield of 85-90% was ob¬ 
tained. A second portion of the sulfonic acid solution, prepared as in¬ 
dicated above, was poured into saturated salt solution, and the sodium 
sulfonate precipitated out. On recrystallization from hot water this sep¬ 
arated out in glittering, hexagonal plates, or in long, silky needles The 
plates contained one molecule of water of crystallization, and had a ten¬ 
dency toward efflorescence. A sample heated to constant weight at 110® 
gave the following figures: 


Subs , o . 5233 : HiO, 00,338 

Calc, for C#H«CliSOjNa t J ,0 HjO, z, 7, Found A ., 

_ S >5 -Tetrachloro-diphenylsulfone, (C«HjC 1 j)iSOj In his report 
on the sulfonation of p-dichlorobenzene, Lesimple 1 refers to an insoluble 


product that separated as the reaction proceeded, and suggested that 
this might be a sulfobenzid, though he did not purify the material or 
study it further. In our work about 30 g of this substance was formed 
during the sulfonation of 150 g. of dichlorobenzene. The product is not 
very soluble in cold alcohol, but much more soluble in the hot liquid, out 
of which, on cooling, it crystallizes in colorless, small, thick, diamond¬ 
shaped crystals whose sides are parallelograms. It is quite soluble in 
hot benzene, and insoluble in water. It melts at 179°. Analysis for 
halogen gave figures that agree with the formula assigned. 

Subs , o 5262 AgCI fCarius), o K438. 

Calc, for (ChHjCIj)jSO. Cl, 39 84. Pound w 

M-Mchloro-c-nitrobciuene-suIfowc Acid, C,H,Ci.\O.S<).H —So f„r 
“": :: m no — 
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benzene has heretofore been reported in the literature, although similar 
derivatives from the ortko and mcia isomers are known ' On this account 
it seemed a matter of interest to us to investigate the action of fuming 
nitric arid on 2, 5-dichloro-benzenesul fonic acid. It may be stated here, 
at once, that this is probably the only method by which a nitrosulfonic 
acid can be prepared from the para isomer, for all attempts to sulfonate 
2,5-dichloro-nitrobenzene were unsuccessful. Many experiments with 
varying concentrations of acid showed that no sulfonation took place 
below 15o°, but above that temperature violent decomposition, with 
almost complete carbonization, occurred. The action of fuming nitric 
arid alone or in the presence of sulfuric acid gave, under the conditions 
we imposed, a mononitrated product. A quantity of the sulfonic arid 
weighing about 75 g. wa; treated with a mixture of 54 cc. of nitric arid 
(sp. gr. 1.6) and 32 cc. of sulfuric arid (sp. gr. 1 841 . Such a mixture 
approximates that one found by Saposchinikoff* to have the maximum 
vapor pressure which, according to his results, contains nitric arid, sul¬ 
furic add and water very nearly as represented by the formula slIN'Oj - 
2HjSOi.3Hj(). The reaction mixture was then lxuled down until a sam¬ 
ple crystallized on cooling. This compound was also prepared by mixing 
35 g. of the sulfonic acid with 50 cc. of nitric acid (sp. gr. 16). and then 
concentrating the mixture until a simpy condition was produced. On 
standing for a day or two this liquid deposited bushy, burr-Uke crystals 
composed of flat, yellow needles. Repeated crystallization from water 
gave a compound that is quite hygroscopic and apparently has a melting 
point near 150°. The arid is not soluble in organic solvents to any ap¬ 
preciable degree, and tliis behavior, in addition to the properties already 
named, has prevented the preparation, thus far, of a perfectly pure sample 
of our product Nevertheless, since several of its salts and other deriv¬ 
atives have been prepared and analyzed, the composition and structure 
of the arid are fixed without doubt. 

The Salts of 2, 5-Dichloro-4-nitro benzene-sulfonic Acid, C*HsCl»NOj- 

SOjMe. 

The Sodium Salt, C«HtCljNO*St»,Na.- This compound was prepared 
by salting out the nitration mixture, and also by nitration of the sodium 
salt of the sulfonic add. A quantity of the sodium salt weighing about 
50 g. wAs mixed with 50 cc. of fuming nitric acid (sp. gr. i 6), and heated 
for several hours under a return condenser, after which 40 oc. more of 
the arid was added and the heating continued for some time. On evap¬ 
orating off the excess of nitric acid the sodium nitrosulfonate was left as 
a pale yellow, amorphous powder. It was purified by rccrystallizatioo 

1 Cktm. Ctmtr., 1906, II, 1537; Ibid., 190ft, I, 726. 

* J, Huts. Pky). Ckm. Sue., 36, 518 (1904); / Cktm. Sec. Ah., 86, 11 ,558 (1904), 
We regret that the original of this paper ru not accessible to us. 
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from water, from which it separated in tlun, wtng-hk 
that Showed a tendency to clump together, and contained one molecnte 
of water of hydration. It is not easily soluble m organic solvents. By 
the second method indicated about 90% of the salt was nitrated. Anal¬ 
yses for water of hydration for halogen and for sodium gave results that 
are in agreement with the requirements of a mononitro compound. 

Subs, 2 5005, 08124 HjO, o 1386, 0045 s 

Subs , 0 5464 AgCl (Canus), o 5434 

Subs , o 8273. NajSOt. o 2013 „„ 

Calc for Cdf.Cl.N-ft.SaNa H.O H.O, 5 77, Cl, 24 a Na. 782 Found W), 

561, Cl, 2457, Na, 787 . . 

With the exception of the first analysis for water the analyses here recorded were 

made upon portions of the same sample 

The Potassium Salt, CeH.Cl.NOsSOaK—This substance was prepared 
by salting it out from a saturated solution of potassium chloride, by 
addition of the free nitro acid, in the manner used to obtain the sodium 
salt. The product has practically the same solubilities as the sodium 
salt, crystallizing out of water tn pale yellow, flat, bushy needles that 
tend to duster in the form of nodules containing one molecule of water 
of hydration. Analyses for water and for potassium gave the following 
figures: 


Subs, 1 0454 H.O, 00553 
Subs, o 7354 K.SO», o 2081 

Calc for CtH.CltNOjSOiK.HjO HA 5 47. K, 1261 Found HA 519, K. 
12.69. 

The Ammonium Salt, CrH.Cl.NOjSO.NH 4 .-~This salt was prepared 
by the addition of aqueous amm onia in excess to the solution of free nitro 
acid, and concentration of the resulting liquid The product was further 
purified by crystallization from water from which it separated in lemon- 
yellow tufts of flat, grass-like needles, sometimes clustering together to 
form hard balls. It is easily soluble in water. Analysis for the am¬ 
monium radical gave results that agree with the formula assigned. 

Subs , o 755 2 NHj, o 0446 

Calc for QHgCbNO^gNH, NH», 5 Found 5 91 

The Barium Salt, (C 6 HjCljNOjSOj) 2 Ba.—This compound was made 
by the action of barium nitrate on the sodium salt, and was obtained as 
a precipitate by mixing solutions of these salts. It is but sparingly solu¬ 
ble in water, and from a hot solution it separates, upon cooling, in the form 
of thin, sharp-pointed leaflets having the appearance of peach leave*, and 
clustering together in roset-like forms. It was analyzed for barium. 

Subs ,0.2553 BaSO,, 00882 

Calc, for (C»HgrI»N < gSOi.HBa: Ba, 2022, Found: 203*. 

Proof erf the Constitution of the Acid, C^H.Cl.NOxSO.H.-A portion 
of the sodium salt was reduced with tin and hydrochloric add in the 
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usual manner, and the resulting sodium dichloro-sulfanilate crystallized 
from the mixture. It separated in the form of colorless, shining leaflets. 
Its water solution turned red slowly on standing exposed to the air. 
Analysis for halogen gave results consistent with the formula below. 

Subs , o 4230. AgCl (Cunus), o 4600 

Calc, for C*H,C 1 ,NHjSCbNa Cl. 26 8j Found 26 89 

This compound was further identified by the preparation of its acetyl 
derivative, which was carried out by heating the salt with acetic anhy¬ 
dride in the usual way. The product is easily soluble in water, from which 
it was crystallized in the form of colorless masses made up of long, thin 
needles having the appearance of cotton. A determination of nitrogen 
gave the following figures: 

Sub*., 0.2985 6 95 cc ; MCI, o 1427 A' 

Calc for C«H«CI,SO,NaNHCOCH, N, 4 58 Found. 465 

The relative positions of the nitro and sulfonic acid groups in the acid 
under consideration were determined by oxidation of the sodium salt of 
the corresponding amino compound. Five g. of this product, purified as 
indicated above, was slowly mixed with a solution containing 9 g. of 
sodium dichromate dissolved in 35 ec. water and J4 cc of cone sulfuric 
acid dissolved m 80 cc, water. The temperature was kept below io°, 
and the mixture was constantly agitated by means of a mechanical 
stirrer. The resulting quinone separated in the form of yellow needles 
which, after recrystallization from alcohol, melted sharply at 160°. To 
show that in this compound the chlorine atoms occupy Positions 2 and 5, 
and that the substance in hand was identical with 2,5-dichloroquinone, 
obtained by Noelting and Kopp, 1 a sample of tiie latter was prepared by 
the method described by these chemists. This product, also, melted at 
160 0 , and a mixture of it and the quinone obtained by the oxidation of 
our sulfanilic acid melted at the same temperature as either of them 
separately, which indicates their identity. The nitro and the sulfonic 
arid groups in our new acid are, therefore, in the para positions with 
respect to each other. 

Sodium Salt of 2,2'-5,5 '-Tetr*chloro-azobenrene-4,4'-disulfonic Add, 
(SG,NaC,HtClt)»N*.—This was formed by the alkaline reduction of the 
sodium salt of the nitrosulfonic acid, and also by reduction in weakly 
add solution. Ten g. of the recrystallizcd sodium salt was mixed with 
a solution of sodium hydroxide containing one g. of the alkali in to cc. 
of water, and this was treated with 15 g. of zinc dust, added in 3 portions. 
The mixture was wanned and the reaction completed by boiling until 
the liquid became faintly brown or nearly colorless On filtering it rap¬ 
idly tamed red, and dark brownish red on boiling. When the solution 
had become very dark colored and no further change seemed to take 
1 Lee, nil. 
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place, it was allowed to crystallize. Ou recrystallization from 95% alco¬ 
hol the product was obtained in the form of tong, double wedge-shaped 
yellowish red crystals with thin, pointed ends. It contains some water 
•of hydration, the amount of which was not determined, and on complete 
dehydration it forms a dark grayish brown, amorphous powder, which 
is quite soluble in water, giving a deep red solution. Analysis of the 
dehydrated product for sodium gave figures that agree with formula 
below. 

Sub*;, o 2970 NatSO*, 0 0S00 

Calc for (SOjNaCfHtCh'tN’* Na 8 77 Found 8 72. 

Summary. 

1. The details of a method for obtaining practically a quantitative 
yield of f-dichloro-nitrobenzene have been worked out on a laboratory 
scale. 

2. The results obtained by Hollemon and Van der Linden in the sul- 
fonation of p-dichlorobenzene have lieen confirmed, and the details of a 
convenient method for purification of the lesulting sulfonic acid have 
been described 

3. A new tetrachloro-diphen) Isulfone, separating as a by product in the 
sulfonation of p-dichlorobcnzene. has been isolated and its composition 
determined. 

4. One of the mtrosulfonic acids of p chthlorobcnzcue, the 2,5 dichloro- 
4 -nitrobenzene-sulfonic acid, has been prepared and its structure estab¬ 
lished. 

Iowa City Iowa 
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Preparation of the Oil. —The oil was expressed in January, 1918, by 
means of an oil expeller, under the supervision of Mr. H. S. Bailey, for¬ 
merly in charge of this laboratory, who also refined a portion. The oil 
was stored at room temperature until May, 1919, before an opportunity 
was found for making an examination of it. 

Physical and Chemical Examination.— The crude oil has a yellow 
color in thin layers and a brownish red color in layers of moderate thick¬ 
ness, while the refined oil is yellow with a red tinge. Both crude and 
refined oils have a bland, fatty ta->te and a fatty odor. The physical 
and chemical characteristics are given in Table I. The percentages of 
saturated and unsaturated acids were determined on the refined oil. 
For all other determinations reported in Col. I crude oil was used. 
The low Reichert-Meissl and Polcnske mini tiers indicate the almost com¬ 
plete absence of glycerides of volatile acids (inly o 33' ", of acids soluble in 
water was found The acetyl value. 278, indicates a small amount of glycer¬ 
ides of hydroxy latcd acids The keeping quality of the oil is very good 
as shown by the low acid value, and also by the absence of a rancid taste 
or odor. The percentage of insoluble acids, 94 66, lias been corrected 
for unsajxmifiable matter and represents the actual amount of insoluble 
acids and not insoluble acids -f unsaponifwble matter (Ilenner number), 
which is sometimes reported. 

Tabus I — Hi shako 891, asm Sukd Oil 

Physical and Chemical Characteristics 



1*1 

Intoiubk Liquid 
dctdi ncfdi 

.Solid 

•dik 

Specific gravity ts’/jj" 

0 9179 


. • * 

Refractive index 25" 

i 4714 


. . . 

Iodine number (Hauus) 

121 0 

151 2 

3 8 

Saponification value 

191 5 

201 8 201 7 

210 3 

Mean molecular weight 


278 O 278 I 

266 8 

Reichert-Meissl number 

Polenske number 

» SJ 

0 ,19 



Acetyl value . 

Acid value 

17 8 

0 50 



Pnsaponiliable matter, 

1 ob 



Soluble acids, % 

0 33 

» 


Insoluble adds, %. . 

94 66 

. 


Unsaturuted adds, % 

7 ( > 45 



Satu^ted acids, % . 

18 57 


.. . 

Tito.. . . 


29 8° to 29,83 


Since the percentages of saturated and unsaturated acids were deter- 


mined on the refined oil the influence of the unsaponifiablc matter was to 
some extent eliminated. The mean molecular weight of the saturated 
acids, 266.8, indicates a mixture of palmitic acid (m, w. 256.3) and stearic 
acid (m. w. 284.4). The mean molecular weight ot the unsaturated acids, 
ift slightly lower than either Okie add (m. w. 2824) or hociic add 

(tO. », «tn *t 
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The Renard test for arachidic acid gave a precipitate, the weight of 
which was equivalent to 5.6% of the oil. However after severa me¬ 
tallizations from 95% alcohol the melting point of this pmnpitate was 
found to be 68.5-69indicating stearic and not arachidic acid. 

Examination of the Unsaturated Acids. — The unsaturated acids were 
separated by the lead salt-etlier method and dried in a current of carbon 
dioxide The bromine addition derivatives were then made and sepa¬ 
rated according to the method of Kibner and MuggenthalerA lo the 
unsaturated acids dissolved in dry ether and cooled to —io° bromine 
was slowly added. The mixture was then allowed to stand for two hours 
at _ 10 °. The ethereal solution contained no precipitate, showing the 
absence of linolenic acid since linolenic hexabromide is insoluble in ether. 
The excess bromine was then removed by washing in a separatory funnel 
with an aqueous solution of sodium thiosulfate 1 he ethereal solution 
was dried with anhydrous sodium sulfate, filtered into a flask and the 
ether distilled off, after which the residue was boiled with petroleum 
ether. Oleic dibroniide is very soluble in petroleum ether while linolic 
tetrabromide is soluble with difficulty. After standing in the ice-chest 
overnight the insoluble tetrabromide was filtered off The filtrate was 
evaporated to dryness, dried in a tacuuni o\ en and weighed. The bromine 
content was then determined by boiling a small .sample of the residue 
■with cone, nitric acid and solid silver nitrate. Oleic dibromide contains 
36.18 c /(, of bromine and linolic tetrabromide contains 53.33^ p. There¬ 
fore, knowing the bromine content of the residue, it is possible to calcu¬ 
late the proportions of dibromide and tetrabromide present. The data 
obtained upon examining the unsaturated acids are given below 

Sample of unsaturated acids 3 7335 X' 

Linolic tetrabromide insoluble in petroleum ether, m p 113-114“ 4 4076 K- 

Residue (dibromide and tetrabromide) 4 8137 g. 

Bromine content of residue 43 65% 

Dibromide in residue 56 44^ or 2 7-2*5 g. 

Tetrabromide in residue 43 56% or 2 ion g. 

Total tetrabromide found . (> 3088 g, 

Linolic acid equivalent to tetrabromide 2 0568 n or 55 .09% 

Oleic acid equivalent to dibromide 1 7370 g or . . . 46.49% 


The percentages of linolic and oleic acids in the unsaturated adds are 
converted into percentages of glycerides in the original oil as follows: 


Found. 


Oleic acid .. 46 49 

Linolic acid 55 09 

Total... id 58 


1 Lewkowitsch, "Chemical Technology 
I, 5th Ed., 568-578, 


ChU ntntrd 
to (wut* of 
11 X 1 % 

Onsioal 

«U. 

%. 

Clyeerid** to 
orlfinal <41. 

% 

45 77 

34-99 

36 56 

54- J 3 

41 46 

4334 

IOO OO 

76 *3 

79.90 

and Analysis of Oils, 

I 

1 

1 
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Examination of Saturated Adds. —The saturated acids were separated 
from the unsaturated acids by the lead salt ether method. The methyl 
esters were prepared and subjected to fractional distillation under di¬ 
minished pressure. The temperatures and pressures during distillation 
and the weights of the fractions are given in Table II. The iodine num¬ 
bers and saponification values of the various fractions were determined 
and the mean molecular weights calculated, using 56.1 as the molecular 
weight of potassium hydroxide. These results are contained in Tahle 
III. The molecular weight of methyl palmitate is 270.3 and of methyl 
stearate 298.4. The molecular weights of the 5 fractions lie between 
these two values and indicate mixtures of palinitate and stearate. The 
molecular weight of the residue is greater than that of methyl stearate 
and indicates, therefore, an ester of an acid of greater molecular weight 
than stearic. 

Tabus II. 


Fractional Distillation in Vacuum ol Methyl Esters of Saturated Adds, 



46.8 g. Ester Subjected to Distillation. 
Temperature J-re-wure 

Weight ol 

Fmctkm* 

Degree* 

Mm 

fraettoa, O. 

I*.. a 

178-181 

7 

22 .6 

1 . 

182-184 

6.3 

10.2 

3 ... 

183 rose quickly to 187, 187-189 

6 5 

6.05 

4 .. 

189-193 

5 S 

585 

5 

Residue... 

Total... 

196 rose quickly to 210, 210-224 

Tabus III. 

6 0 

1.15 

0 80 

46.65 


Results of Analyses of Fractions Obtained by Distilling Methyl Esters of Saturated 


Acids. 

Stpanifi- Mean Palmitic acid. Stearic acid. Araclwdk arid linaat’d acid* 

Brae. Iodine cation molecular ---— ■—— --—--—— ■-———■———- 

t loo No. value. wOfltt %. Q. %- G % G % G. 

t. 1.6 206.0 272.3 87 .76 19.82 6 04 t .36 1.060.24 

2 . 2.7 199-9 280,6 39.60 6.08 33.60 3.43 I 790.18 

3 . 38 195-3 2872 36.79 2.23 3582 338 *,300.15 

4 . 4.7 191.6 291.8 17.63 1 03 74.49 4.38 3.100.18 

3. 6.3 189.1 2966 3.80 007 85.30 098 4.I70.05 

Reakftte 19.7 187.3 299-2 . 75-94 060 6.360.05 13.020.10 

1 

Total. 29.23 14.13 0-05 0.90 


The free adds recovered from Fraction 5 and from the residue, were 
fractionally crystallized from 95% alcohol, and the melting points deter¬ 


mined with the following results: 

Fraction 5. M P 

■atcryatalliaatioo from alcohol. 64-6$* 

rod cryataltiratkio from alcohol. 65-67* 

3rd cryataQiaatioti from alcohol.... — 
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The last crop of crystals was too small for further recrystallization. 
Since stearic acid melts at 69° this fraction apparently did not contain 
an add higher than stearic. 

Residue Af p 

1st crystallization from alcohol 70-71* 

2nd crystallization from alcohol 76-77 ' 

The melting point of arachidic acid is 77 0 This last crop of crystals 
after drying, weighed o 1047 g It was subjected to combustion analysis 
with the following results 

Calc for arachidic acid C. 768 s H 1291 Found 1 C, 7671, II, 1322. 

This is conclusive evidence of the presence of arachidic acid. 

The percentages and weights of unsaturated, palmitic, stearic and 
arachidic acids present m the various fractions and in the residue have 
been calculated with the results given m Table Ill The various steps 
in the calculation 01 Traction 1 are given below in order to illustrate the 
method, 

278 1 = mean molecular weight of unsaturuterj acids 

278 1 -f 14 = 292 1 mean molecular weight of methyl ester* of unsaturated acids 

56 1 * molecular weight of potassium h>iiroxidc 

56 » 

292 1 IOO ° ~ J '^ 1 1 = saponification value of uicthjl esters of unsaturated acid*. 

151 2 « iodine number of unsaturated acids 

278 1 _ x 

292 1 ~ 1 ' 1+40 " lodme number of esters of unsaturated acid* 

1 6 X 100 

1440 ~ 111 = percentage- of esters of unsaturated acids 

100-1 n = 98 89 <= percentage of esters of saturated aculs 

oonr x 192 1 = 3 , mg = potassium livdroxide required to saponify un¬ 
sat ura ted esters m one gram of fraction 

206 0-2 1 = 703 9 mg potassium hydroxide required to saponify saturated esters 
m one gram of fraction 

203 9 + 9889 = 206 2 saponification value of saturated esters 

56 1 2062 ~ 772 1 mean molecular weight of satcrated esters 


Methyl palmitate 
Methyl stearate 

Methyl esters of unsaturated acids 


‘’r uf Uttl 
ruteri uculs 


% of fix* fcrida 
in Interim} 


w 10a 00 94 

of H * 316 SU “ med up ia TabIc IV and iht percentages 

we were able to crystallize out o .0 ^ *!!?* * °° ly ao 5 «•* 

ns reridue waj vwy highly 
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colored and this interfered with the accuracy of the determination of the 
saponification value. There was at least, therefore, 0.1047 g. of ara- 
chidic add in the residue and this is equivalent to 0.04% of the glyceride 
in the original oil. 

Tabus IV. 

Composition of Saturated Acids. 



G 

% 

% of 

original oil 

% cf glyceride* 
m origins] oil. 

Palmitic add, . . 

39 33 

65 97 

It 12 

12 73 

Stearic acid 

14 I i 

.11 80 

5 06 

6 12 

Arachidlc acid . 

‘ - 0 05 

0 u 

O 02 

0 02 

Oleic add , 

\ 


O 17 

0.18 


1 0 90 

1 



I.inolic add 

I 


0 30 

0 21 

Total 

44 .!« 

roo 00 

10 37 

<9 26 


Summary. 


The chemical and physical characteristics of a sample of cold pressed 
Hubbard squash seed oil have been determined. A11 exhaustive study 
has been made of the composition of the oil, the results of which are given 


in the following table: 

j Palmitic acid. . 

% 

i.I 


, Stearic acid . 

6 

Glycerides of 

Arachidic add, trace about. 

0 04 


! filcic add 

37 


l.inolic acid 

+4 

IrisaiKwitiable matter- 

I 
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(Contribution rrom tbs Chemical I laboratory or tub V nivrrsity or Illinois | 
SYNTHESES OF CHRO MANES AND COUMARANES. II. 

By R. R. Romms*, }’. M. Goouncs and V. L Harnack. 

Rcmvtd Mottmfctt A, 1919 . 

In a previous article' it was shown that chromane and coumarane may 
be easily prepared by either of two methods: 

(I)C»H».O.CHj.CH*.CH*OH —*- C4H4.CH4.CH4.CH4O + H.O 

C«H».O.CH*.CHjOH —► C4H4.CH4.CH4O 4- HjO 

' :_t 

(II)C«H».O.CHj.CH».CH*Br —> C*H«-CH,.CH,.CH,.0 + HBr 

!_I 

C«H*.OCH,.CH,Br —*■ (^H«.CH,.CH,.0 + HBr 

1_i 

The procedure in each case is to heat the hydroxy or broroo ether with 
rinc chloride. The same products may also be obtained by beating free 
1 Teas Journal, 41, «j 
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phenol with ethylene or trimethylene ehlorohydrin, but the yields are 
very low. 

It was pointed out that, since phenol forms the starting point in each 
case, it should be possible by using substituted phenols to prepare var¬ 
ious derivatives of the ehromanes and coumaranes. The object of the 
present research was to make such compounds, as well as to compare 
and to improve the methods already given. 

The system followed in naming the substituted ehromanes and cou¬ 
maranes is that of Stoermcr, 1 numbering the positions on their respective 
0 0 
/*\/'\ /'V"\ 

nuclei and 

U I v l« > >1 

\./\./ \./— 

The inconsistency of starting to number from the oxygen in chromane 
and from, the a-carbon in coumarane is obvious, and since there can be 
no substitution on the oxygen, the second plan seems preferable. How- 
cver, these two methods are already in use* and analogous systems are 
employed for coumarin,* for y benro-pyrone (chromone) 4 and for benzo 
furane (coumarone). 6 So it seems best not to attempt a change. 

During the course of this investigation it was found that phosphorus 
pentoxide could be used to dehydrate the hydroxy-ethyl or hydroxy, 
propylphenyl ether instead of the zinc chloride as in the reactions indi¬ 
cated above. The products in each case are the same. This reagent 
does not affect the halogen substituted ether as does the zinc chloride. 

us it is shown that the closing of the ring is a simple dehydration be¬ 
tween the hydroxy group of the side chain and the hydrogen of the rint 
and is not a substitution oi halogen followed by elimination of halogen 
acid, as was suggested as a possibility in the first paper. 

by t! !U 0Sph ° mS pCntoxide ^y^tion are better than 
those by either method using the zinc chloride and the procedure rather 
more ,mple since there « not the tendency for carbomS^ a ^ 
eral, the reaction is earned out as follows: The hydroxv ether to hJnl 
hydrated is dissolved in some inert sol vent as toluene L17 *" 

which will allow refluxing at a fairlv hich ♦» V ketone 

esse~ -ek. Sets 

* Richter, Lcxtkon, i, 17-18. 

, £ \ - Ia > * 0*5 (191®). (Index.) 
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benzo-tetrahydro-difurane, An attempt was made to 

H,C CH, 

prepare the derivatives from p-nitrophenol 7-Hydroxypropyl-p-nitro- 
phenyl ether is easily prepared by refluxing the phenol with trimethylene 
chlorohvdrin in the presence of sodium carbonate. On attempting the 
dehydration with either zinc chloride or phosphorus pentoxide, a violent 
reaction takes place and the whole goes almost instantly to tars and 
carbon. 

Further investigations are being earned on to study the applicability of 
these reactions to the preparation of various cyclic compounds. 

Experimental Part. 

Derivatives of -Cresol. 

7-Hydroxypropyl-o-tolyl Ether, C «H F C Hj) '• f O-C H »0 H tC HiOH) \ — 
Sodium was dissolved m absolute alcohol and the theoretical quantity 
of o-cresol added Following tins the mixture vus treated with an equi 
molecular amount ol trimethtlem ehlorohydrm and refluxed tin the 
steam bath for about two hours. Most of the alcohol was then distilled 
off and tlie residue diluted with water The product was extracted with 
ether, washed with sodium hydroxide and with water, and dried over 
potassium carbonate and distilled. The ether was obtained in 
yield as a colorless oil boiling at 174-176° at 41 mm ; «//. I S23, dt», 1.053. 
bubs,02^04 4>t. y c< f',o 741 3 nun 1 

Calc for Ci ifi/i; C 77 t Found 719 


7-Bromopropyl-0-tolyl Ether, 0 HdCH,V (0 CH*.CHi.CH,Rr)*.— 
Twenty-three g of sodium was dissolved in 200 cc of absolute alcohol 
and 108 g. of o-cresol addtd This was then refluxed for two hours with 
twice the molecular amount, 40s g , of tnmcthvlene bromide After this 
the mixture was treated as was the hydroxy ether above. The product 
which was fractionated from the excess trirnethylene bromide was a clear 
oil With a rather fragrant odor and boiled at 154 -6® at 20 mm. Yield, 
2 5 %1 n b> i- 535 - dj#, 1 299 


hubs , 0 2816 AgBr, o 2280 

Calc, for Ci»H„OBr Br, 34 9 Found. 34.5 


8 -Methylchromane, 



CHj 


( 1 ) Preparation from t bromo- 


50 g. of the ether just described was heated 


propyl-o-tolyl ether. 
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under a reflux with 5 g. of anhydrous zinc chloride. Copious fumes of 
hydrogen bromide were given off. After about half an hour the material 
was allowed to cool, and was then taken up in ether, washed with alkali 
and with water and dried over calcium chloride. The product distilled 
at 114° to it6° at 20 mm,, and was a colorless oil with an odor very like 
cresol; Me, 1,542; di», 1.039. 

Subs,, 0.3716, CO,, 6233 cc. {24’, 747 mm.}. 

Calc, for Ci»Hi» 0 '. C, 8t.i. Found’ 814 

(2) Preparation from 7-hydroxypropyl-c-tolyl ether and zinc chloride. 
7-Hydroxypropyl-o-tolyl ether was refluxed with x f» its weight of anhy¬ 
drous zinc chloride. The temperature rose to 235 0 and then dropped 
gradually to 180° where it remained constant. The product was then 
fractionally distilled in 10 to 15' j yield. 

(3) Preparation from 7-hydroxvpropyl-o-tolyl ether and phosphorus 
pentoxide. Forty g. of "phosphorus pentoxide was suspended in 200 cc. 
of dry lienzene and too g. of the hydroxy ether slowly added with shak¬ 
ing. After refluxing for a short time, the mixture was poured from the 
phosphorus compounds and distilled. The product may be washed with 
alkali and with water and redistilled with very little loss. An excellent 
grade of material practically all boiling at 114 115 0 at 20 mm. was ob¬ 
tained in 76' J yield. 

(4) Preparation from o-cresol, trimethylcne chWohydrin and zinc chlor- 
ide. 6; g. of trimethylcne chlorohydrin, 74 g. of o-crcsol and 5 to 10 g. 
of zinc chloride were heated together under a reflux condenser until the 
temperature became practically constant. After taking up in ether and 
washing with alkali, and with water, the mixture was fractionated giving 2 
to 5 f ’e yields. 

fl-Hydroxyethyl-o-tolyl Ether, C,HdC H, 1 ! (OC H,. CH/) H} -This was 
prepared exactly as tire 7-hydroxvpropyl c-tolyl ether described above 
by substituting ethylene chlorohydrin for the trimethylene compound. 
The clear colorless product boils at 143-145° at 20 mm. Yield, 72%; 
«0» i-5 j8 - 4»> 1 079- 

Sub*., 04.700; COj, 730.0 cc. (30.9’, 739.1 min.}. 

Cak. for C»HnO,: C, 71.05. Found. 71.13. 

/i-Cromoethyl-o-tolyl Ether, QH,(CH,)'(O.CH..CH,.Br}* -The direc¬ 
tions given above for y-bromcpropyl-o-tolyl ether were followed in this 
preparation, ethylene bromide being substituted for trimethylcne bromide. 
The product is a sweet-smelling, colorless liquid boiling at 133-4* at 20 
naa. Yield, 40%; »t>. > 544', 4 *, 1.360. 

Subs.. 0490a; AgBr, 0433a. 

Cafe, for CJfuOBr: Br, 37.3. Pound; 374. 
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6 -Methylcoumarane, 


CH, O 

_This substance was prepared 

d*„ I.ooo Subs _ 0 22J 8 CO,, 377 2 (>4°. 747 mm.) 

Calc for C,H 10 O C, 8o6 Found 80 0 

Derivatives of f-Bromophenol. 

-v-Hydroxypropyl-f-bromophenyl Ether, Br.C t H,.O.CH,.CH t .CH,OH. 
—To obtain this substance, sodium p-bromophenolate was treated with 
trimethylene clilorohydrin in the manner given above ior the ^corre¬ 
sponding o-tolyl ether. The product is a colorless liquid boiling at 206 
at 48 mm. Yield, 75%, ”i>i 1 - 5 ^ 3 . da. 1 . 44 2 - 
Subs . o 19JO Agflr, o 1560 
Calc, for C,H,ABr. Br, 34 6 Found. 34 4 


0 


6 -Bromochromane, 


CH, 


A/'/ 


CH, 


.—The hydroxy ether just described 


Br CH, 

was dehydrated by heating with zinc chloride, and the product was puri¬ 
fied by the method given. It is a water clear liquid with a pleasant odor, 
and is obtained in 7 to io c /„ yields. Phosphorus pentoxide would prob¬ 
ably be a more satisfactory dehydrating agent than the one used. B. p. 
143-144 0 at 18 mm., i 5 80 - d», 1.465. 


Subs, o 2124 AgBr, o 1902. 

Calc for C,H,OBr Br, 37 6 Found' 380 

0 -Bromo-ethyl'p-bromophenyl Ether, Br.C ! H,.O.CH ) .CH ( Br.—For 
the synthesis of this compound, the directions given for the analogous 
cresol derivative were followed. The yield was about 25%. It boils at 
165° at 16 mm. and changes on standing to a white solid melting at 
55 ~ 56 “ 

Subs., o 1743. AgBr, 0.3336. 

Calc, for C,H,OBr,' Br, 37.2. Found: 37.5. 


4-Bromocoumarane.—When the ether just described was heated with 
l A« its weight of fused zinc chloride, the temperature rose to 245* and 
hydrogen bromide fumes were given off. The thermometer reading 
gradually dropped to 200 After taking up in, ether and washing with 
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alkali and water in the usual way, the product was obtained as a color¬ 
less liquid with a pleasant odor boiling at 135° at 20 mm.; Wp, 1.555; 
d»», 1.436. 

Subs, o 21 56 AgBr, o 1047 

Calc, for C«HrOBr 8r, 40 2 Found - 405 

d-Hydroxyethyl-p-bromopbenyl Ether, Br C 5 H, O.CHj.CH 2 OH.— 
This ether was prepared from ethylene chlorohydrin and p-bromophenol 
following the procedure already given. The substance distilled as a water 
clear liquid at 184° at 20 mm. On standing it solidified and melted at 
49-50“. The yield was about 40%. On treatment with phosphorus 
pentoxide it dehydrated to give the 4-bromocoumarane described above. 
Subs , o 3000 AgBr, o 2552 
Cak for C.H, 0 ,Br Br, 36 8 Found 365 

Derivatives of Resorcinol. 

Di-3-hydroxyethyl-w-phenylene Ether, C*H 4 (0 CHj CHiOHV - *.—For 
the preparation of this compound, sodium was dissolved m absolute al¬ 
cohol, and resorcinol and ethylene chlorohydrin added in equivalent 
quantities. After refluxing, the mixture was fractionally distilled without 
aqueous dilution since the product is soluble in water It was obtained 
from 230-234° at 30 mm as a viscous liquid which slowly solidified on 
standing. After washing with alcohol it was pure white and melted at 
81“. It is soluble in alcohol and methylethyl ketone but insoluble in 
ether, benzene or ligroin. Yield, 40%. 

Subs , o 2000 COi, 239 7 cc (24 3", 749 9 mm ) 

Calc for Ci*H,/> 4 C, 606 Found 609 

O O 

AW 

Symmetrical Beozotetrahydro-difurane, H,c i ! CH,. — The 

HiC CH, 

ether just described was dehydrated in methyl ethyl ketone solution by 
the action of phosphorus pentoxide according to the usual procedure. 
After most of the methyl ethyl ketone was distilled off water was added 
and the product extracted with ether. After washing and drying the 
cyclic ether was obtained as a disagreeably smelling, colorless liquid, 
boiling at 110-113° at 148 mm., »j>, 1.448; da, 0.861. 

% Sub*, o 241 j: COt, 380 8 cc (24 3 \ 734.5 mm ) 

Calc, for CidHjjOj C, 740. Found - 72 7. 

Di-y-hydroxypropyl-w-phenylene Ether, C*H4(0.CH*.CHj.CH»- 
—Resorcinol was added to sodium alcoholate and then treated 
with trimethylene chlorohydrin, equivalent quantities of each being 
used. After refluxing for several hours, the sodium chloride was filtered 
off and the mixture fractionated. The product is a pale yellow, viscous 
liquid. B. p., 346-248°, at 20 mm.; «d> '- 5 * 9 ; <Ui> 1145- 
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Subs, o 2747 CO,, 386 8 c-r (jo j ", 73* * nun ) 

Calc, for CuHuO,: C, 63 7 Found 63 2 

O O 

/YY\ 


Symmetrical Benzotetrahydro-dipyrane, 


H.C 


H;C 


CH, 


CH, 


-The 


CH. CH. 

ether just prepared was treated wrtli phosphorus pentoxide in methyl 
ethyl ketone solution. After heating for some time, the most of the 
ketone was distilled off the residue taken up in ether, washed with alkali 
and water, dried and distilled B p , 97°, at 75 mm. Yield 15%; »ip, 
1.448. 

Subs , o 1012 CO,. U 1 ci {28 (>“ 741 4 mm ) 

Calc for Culli< 0 , C, 7, ; Found 73 1 

Derivatives of d-Naphthol. 1 

7-Hydroxypropyl-d-naphthyl Ether, i u ,Hj() CH. CH,.CH,OH —This 
was prepared in 2.s r ( yields by the usual method, and is a white solid 
which may be cn stalhzcd from ben rent- M p, 99-99.5 0 

Subs , u wxxj CO, S22 j u 132 742 9 mm ) 

Cals for C,,H < 0 , t 772 Found 773 

ClI,—CH. 

/\/\ 

d-Naphthodihydro-pyrane, ' j'Q CH. -The above hvdroxy 

,, 

ether was dehydrated by phosphorus pentoxide 111 toluene in the usual 
way, and gave a mscous liquid which solidified on standing After crys¬ 
tallization from alcohol, a white solid melting at 41-42" was obtained 
ln 33 'c yield 

Subs , o jooo t (s 370 , „ 0“ - 4 . s nm , , 

Calc for C,,H t -/> C, 84 7 Found 844 

0 -HydroxyethyM-naphthyl Ether, C„H, O.C!IiCH/)H.-By the 

usu me od, this compound fAiUmed as an impure solid which was 

punfied with considerable difluulty Komi so' < alcohol it separated » 

an amorphous compound, but from benzene it rrmallized, and melted 
at 76-77 . 

rt’ 7 Z '" s - ij0j ct •>' '42 9 mm 1 

Calc for t jilhjf 1, C, 7 0 6 Found 764 


(?-Naphthodihydro-ftiraae, ( yS 


— CH, 

j 

O-Cff,. 


The Jtkobol put 4e 


[ Sf » the ttmai WMifimt 


wa * a 1 1, niv 4,,^ , 

' *“* -« 17”; ‘*t n> mm *o<t 

ft 
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tending to decompose during distillation. The yields were low and the 
material not entirely pure; «o. i .482; dj 0 , 1.0066. 

Subs , 0.2319 CO«, 431 2 cc (32 5 742 j uim ) 

Calc, for CjjHidO' C, 84.S. Found 86 2 

jS-Bromo-ethyl-d-naphthyl Ether, CioHrO.CHj.CHjBr.—Sodium 
naphthylate in absolute alcohol was treated with twice the theoretical 
amount of ethylene bromide. After refluxing, the alcohol and the excess 
ethyleue bromide were distilled off and the desired product cry stallized 
from alcohol. Melting point 91.5-92.5°. Yield 30^. Attempts to pre¬ 
pare 0-naphthodihydro-furane from this by treatment with zinc chloride 
gave only carbonization and tors. 

Subs , o 3000 AgHr, o 2221 

Calc lor CuIbiOBr Br, 31 87. Found 31 51. 

Summary. 

1. Cyclic ethers condensed to a benzene nucleus are easily prepared 
try dehydrating the appropriate hydroxy-alkyl-aryl ethers. 

2. Zinc chloride or phosphorus pentoxide may lie used for this, but the 
latter in general is the more satisfactory. 


3. The following compounds were prepared: 

Bp M p 

Dtptr* I>t^rert d * 


a-Hydroxyiaopyl-e tolyl ether 

174-6 (42 mm } 

• OS3 (29 “l • 5*3 

•Y-Broroopropylo-Lolyl ether 

• 54-6 (20 mm } 

1 299 (29”) 1 J33 

8-Metliy Ichromauic. 

114-6 ( jo mm ) 

1 039 (29”) • 54* 

IS -Hytlroryethyl »-tolyl ether 

• 43-5 (20 mm 1 

j 079 (29°) 1 528 

/J-Bromo-ethylo-tolyl ether 

• 33*4 (20 mm ' 

1 360 (29") « 544 

6-Methykoumaraur 

119-20 (65 mm 'i 

1 000 (29*) 1 517 

H ydroxy propyl - ^-bromopber.yl ether. 

206 (48 mm.) 

1 447 (24 a ) 1.563 

6-Bromofhraouuic.., . 

143-4 U 8 mm ) 

‘ 465 {25") 1 S80 

h-Brotno-ctbyl-/>-hn>moi)hrnyl ether 

165 fib mm) 

J6 

4-BrotnocoumamK . 

133 fjotnnO 

I 436 Us"! 1 ASS 

ftHydroeyirthyl^liratnopbenyl ether 

184 (so mm ) 

SO 

Di ft-Yiy droxyethy 1 *»-pb*-nylrt»e ether . 

230-4 (jo nun) 

*» 

Symmetrical heruoteteahydrodituiaoc . 

1 »o~3 (148 mm > 

O 861 (IJ*) ».448 

Dl- 1 bydroiypropyl-m • pheuytene ether 

246-8 (20 nun / 

» 145 Li**) » MF 

y -H yiiror ypropy) Foa pbth ») ether 


99 .1 

#-Sa(&tbadihy<tn>'prrsuie 

. 

41*2 

A HyHreuyethyl ■$ naphthyl ether 

»8j (to mm ) 

• oa 7 (>,*) f . 4*f 

S Brutm»-rtbyl-d n»nhthyl ether . 



Symmetrical bc,ucaetr»hydtto-diyT™iw 

. <fi (.it, avca.1 

. ' .vjl 


uuua t. w. 
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OKRA SEED OH. 1 


By Georgs S Jamieson and Walter F Baughman 

Received November l-> 1919 


The object of this investigation was to prepare several samples of okra 
seed oil and determine the so-called constants for each sample, in addition 
to making a study of the chemical composition of the oil. 

Several lots of the seed of okra (Abelmoschus tscttltnlus, Malvaceae) 
were received at various times from E. A Mclllhenny, of Avery Island, 
La., through David Fairchild of the Department of Foreign Seed and 
Plant Introduction of the Bureau of Plant Industry’ The first samples of 
okra seed were received about two vears ago, and H. S. Bailey obtained 
the cold pressed oil from these seeds bv means of an expeller. Shortly 
afterwards, H. S. Bailey and J M Johnson made a preliminary examina¬ 
tion of these samples of oil, and thetr results, which have recently been 
confirmed by us, have been incorporated in this paper. 

Last January another 150-pound sample of the Avery Island okra seed 
was sent to this laboratory- The seed were pressed in the expeller, with 
the result that 12 pounds of virgin okTa seed oil were obtained. The oil 
had a pleasing, greenish yellow color, and a slight but distinct fragrant 
odor. This seed was found to contain 15 60% of oil and 5.63% of mois¬ 
ture. The press cake contained 5 88-'), of oil. 

It is interesting to observe that okra seed oil, as well as oils obtained 
from other members of the Malvaceae, has been found to give the Hal- 
phen color test. 2 


Sample number 

Iodine number (Hauus) 
Saponification number 
Polenske number 
Rdehert-Meissl number. 
Acetyl value 
Add value 
a 56 

Retractive index at 25“ 
Unsapomfiable matter, % 
Soluble acids, % 

Insoluble acids, "i 
Umaturated acids, % 
Saturated acids, % 
Sample 4 was the oil 
above 


Tablb 1 


1 

2 

3. 

4 

93 2 

IOO 3 

93 s 

93 2 

195 5 

195 6 

195 6 

195 2 

0,23 

0 j6 

23-9 

16 2 

II s 

21.4 


0 66 

0.34 

J 42 

0 9187 

0 9181 

0 9160 

0 9172 

I 4692 

1 4693 

• ,469s 

« 47 <W 

O.37 


O.J 2 

0.09 

0,14 


93 90 

96 a? 

96.20 


*7 33 
ap.as 

obtained from the 150-pound sample of seed mentioned 


1 Publ’sbed by nermmion ot the Secretary of Agriculture 

to 24 V5m0V N ' ? Kok(rtkena ' Sooiuiuk Ck&itm fa#, |aj tpsj. No. 
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When the Renard test for arachidic acid was applied to a 20 g. portion 
of the oil, 2.a g. of fatty adds were obtained, which were found to melt at 
about 58°. After two recrystallizations of these fatty acids from alcohol, 
the melting point was raised only a degree; this indicated, as in the ease 
of tomato seed oil, 1 that the Renard test was not applicable to this oil. 
The preceding table contains the results of the analyses of 4 okra seed oils. 

The table given below contains the analysis and other data obtained 
from the insoluble adds, saturated and unsaturated adds, of Sample 4. 

Insoluble Saturated Unsaturated 

acids acid* adds. 

Iodine number (Hanus) .. 97 3 57 137 9 

Saponification number.. . 210 6 215 0 199 2 

Mol. wt. 266 4 260 1 281.6 

Acetyl value. . . 25 4 

M. p . 40-41 ° 

Titer. 38.5° 

The unsaturated acids had a beautiful green color. 

In order to identify and to determine the approximate amount of un- 
saturated fatty acids, a portion of 30 g. of okra seed oil was taken and these 
adds were separated by the well known lead-salt ether process. Pre¬ 
cautions were taken to prevent the oxidation of the unsaturated liquid 
adds by evaporating the ether solutions of these acid in an atmosphere of 
dry carbon dioxide. For the identification and separation of the unsat¬ 
urated adds the bromine method of Eibner and Muggenthaler 1 was em¬ 
ployed. A 10 g. sample of the adds, dissolved in 90 cc. of absolute ether, 
was cooled to —10°, and 5 g. of bromine was slowly added, drop by drop. 
During the addition of the bromine, the temperature was not allowed 
to rise above —5 0 . After the addition of the bromine, the contents of 
the bromination flask were allowed to stand at —5 0 for 2 hours. The small 
amount of crystalline material which had separated was filtered in a 
weighed Gooch crudble, washed with cooled absolute ether, dried at ioo°, 
and weighed. The crystals weighed 0.3727 g.; they melted at 114 0 , 
which showed that the compound was the tetrabromide of linolic arid, 
and that the unsaturated acids which form insoluble octa- and hexa- 
bromides were absent The excess of bromine was removed from the 
filtrate in the usual manner with sodium thiosulfate, and after the ether 
waa^emoved by distillation, the bromides were dissolved in hot petroleum 
ether. After cooling, the solution was allowed to stand for several hours, 
and then the separated tetrabromide was filtered and weighed. This 
crop of crystals weighed 4 .9839 g. The filtrate was concentrated to less 
than hall cl its original volume, and again cooled and allowed to stand as 
before. After filtering this crop of tetrabromide crystals, which weighed 
0.5296 g., the filtrate was evaporated to a volume of as cc., and allowed 
' /. IwL E*t, Cktm., it, S30 {1919) 
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io stand in the ice box overnight, and no more crystals separated. Bach 
crop of crystals was found to melt at 114 the melting point for tetra- 
bromo-linolic acid. As it was impossible to get any more of the tetra- 
br oroide to separate, all of the petroleum ether was removed, and the 
residue of tetrabromide linolic acid and dibromoleic acid was weighed. 
The bromine content was determined by boiling portions of the residue 
with cone, nitric acid and solid silver nitrate. Oleic dibromide contains 
36.18% of bromine, and linolic tetrabromide contains 53.33%. There¬ 
fore, knowing the bromine content of the residue, it is possible to calculate 
the proportions of dibrotnide and tetrabromide present. The data ob¬ 
tained from the examination of the nnsaturated acids arc given in the 
following table • 


Sample of unsaturated acids 
Linolic tetrabromide crystallized 
Residue (di- and tetrabromide) 
Dtbromide in residue So 47 c , or 
Tetrabromide m residue 19 53* \ or 
Total tetrabromide 
Linolic acid = tetrabromide 
Oleic aad = dibronude 


10 0000 

5 8862 
12 4 iSi 

9 9900 

2 4247 
R 4109 

3 B7B4 or 38 78% 

6 3741 or 63 74% 


The percentages of linolic and oleic acids in the unsaturated acids were 
calculated into the percentages of the glycerides in the original oil as 
follows: 



Hound 

l till tO 
of 100% % 

In origin*! 

% 

(!lyt'erW«a 
in t»I % 

Oleic acid 

<>j 74 

t>2 17 

41 H 6 

43 74 

Linolic acid. 

48 78 

37 

25 47 

26 62 

Total... , 

. 102 j 2 

Examination of 

1 (Xi 00 67 3 .\ 

Saturated Acids. 

70 36 


From 242 g of okra seed oil, 70 7 g of saturated acids were obtained. 
The methyl esters of these acids were ptepared in the same manner as 
the esters of the saturated acids of tomato seed oil,' and distilled under 
diminished pressure. The following table contains the data of the dis¬ 
tillation of 64 9 g. of the meth) I esters 


Fractions 

1 

Hrtpw mhc 
M» 

tt’t iA liwil«a* 
<S 

I 

‘70 173 5 

7 0 

H 7 

2 

'?<> 174 

5 ° 

» 7 

3 • 

'74 *75 

$ 0 

it i 


178-186 

5 0 



l8r 1 tit 

* a 
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The fractions in torn, as their boiling points were reached, were re¬ 
turned to the distilling bulb and refractionated in order to get a better 
separation of the esters, 'flic following table contains the results of the 
analyses of 7 fractions, obtained by Use redistillation of the fractions. 


Xnic- 

lions 

Wt of 
frac¬ 
tions 

G 

Iodine 

nurn 

!»er 

Saponi* 

nca 

tirwi 

value* 

Mean 

mol 

wt 

Palmitic acid 

Stearic acid 

Arae htdic 
acid 

Un&aturated 

aetda 

G % * 



0 

% 

1. 

23 * 




22 OO 94 82 





2 

21 8 

3 l 

206 4 

271 8 

19 46 89 46 

0 72 ^ 32 


O 49 

2.25 

3 

. io 8 

5 9 

2 t >4 3 

274 6 

8 63 79 93 

1 15 10 68 


O 46 

4 28 

4 

. 2 1 

12 8 

193 9 289 3 

O 48 20 98 

i 49 64 93 


O 21 

9 28 

S 

1 0 

>4 9 

190 8 

294 I 

0 14 14 0C1 

0 70 70 37 


O TO 

10 00 

6 

0 8 

16 t 3 




0 62 77 30 

0 051 6 38 0 09 

if 80 

7 

. 0 63 





0 47 78 S'j 

0 031 8 10 

0 08 

12 00 


The distillation was continued until the small residue remaining in the 
distilling bulb charred An attempt was made to isolate and identify 
the acids in this residue, but on account of the small amount of ester 
present it was found impossible. 

It should tie observed that the saponification values of Fractions 6 
and 7 were not determined on account of the smallness of these fractions. 
The free fatty acids were obtained from these fractions by saponification, 
and precipitation with hydrochloric acid 111 the usual manner, and the 
arachidic acul was separated from the stearic acid by fractional crystal¬ 
lization from 95' \ alcohol. The arachidic acid obtained from Fractions 
6 and 7, winch was found to melt at 7(1°, was analyzed by Mr. Charles 
E F. Gcrsdorff with the following results 

Subs (Fraction 0), o 0507 CO». o 1428, HjO. o 0604 

Calc for CteH«cO> C, "(1 85. H, 72 91 Found C, 76 81, H. 1.1 24 

Subs. (Fraction 7), o 0409 CO*. o 1435, H«(). o 0609 Found C, 7(1 89, It, 13 19. 

Both of the analyses ns well as the melting points proved that it was 
arachidic acid, 

The free acids recovered from Fraction 5 were repeatedly crystallized 
from 9s* <' alcohol until the constant melting point of 67 to 68" was ob¬ 
tained, then this acid was analyzed by Mr Gcrsdorff with the following 
results: 

Sub*. 0105$ Ct>», o2946. IWt o 1214 

Calc for C. 7S *»*. H, tt 76 Found C. 7394, H, 1275 

Tlie analysis showed that the compound was stearve acid. 


AO* 

W*I 

n 

% 

** nil 
% 

I'JroiWin 

!»«*.% 

MnKir 

‘W v » 1 wt * « i - ■ 

V»T* 

s* 

JJ *3 

*? *3 

VW 3 wWHC» 

S >3 
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The percentages of the saturated acids and their glycerides in the original 
oil have been calculated from the analytical data with the preceding re¬ 
sults. 

Summary. 

The chemical characteristics of 4 samples of cold pressed okra seed oil 
have been determined. These oils vary slightly in composition. An 
exhaustive study has been made on the composition of the recently ex¬ 
pressed oil No. 4, the results of which are given in the following table: 


Glycerides of 

% 

Palmitic acid 

•>7 *3 

Stearic acid 

a 75 

Araehidic acid 

0 05 

Oleic acid 

♦3 74 

Linolic acid 

26 62 

Lmsapo'ufiable matter 

0 37 
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The Condensed Chemical Dictionary. Compiled and edited by the Editorial Staff 
of the Chemical Engineering Catalog, of which F M Turns*. Jr , is Technical 
Editor and I) D BEROLZHsrKKa, W I* Ct’TTKit and John Hirer* ich are Assistant 
Editors The Chemical Catalog Company. Inc, t Madison Ave , New York, 
1919 515 pp Js 00 net 


The title page of this useful book describes it as being "a reference 
volume for all requiring quick access to a large amount of essential data 
regarding chemicals and other substances used in manufacturing and 
laboratory work. While it is intended primarily to supply in readily 
available form the outstanding facts regarding such substances to people 
not chemically trained who are being brought into contact with the chem¬ 
ical industries in greater numbers with the growing importance of these 
industries, the book will serve as a great time-saver for the chemist who 
keeps it at hand 


Many substances of scientific interest but not important commercially 
have been omitted. Therein lies the chief significance of the word "eon- 
ensed in the title for, although it is stated that no attempt has been 
made to produce an exhaustive work, the field of commercially important 

c ica substances, excepting dyes, appears to have been pretty thor¬ 
oughly covered. 

V 7T S ] T hngi kforaation « S ivefl . "ith such variations 
and ntb. tUJe ° l he s “ bstances nay require, on derivation, habitat, color 
(reStricted 10 <ta * Ukdy to be of com- 

^ h C ° nS ^ tS . 1 01 r ***' i °* 

other inf orm al •’ it a ’, rallroad ^ippiuR regulations and occasionally 
other information. Under “Derivation” a general idea of the method l 
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manufacture is given in the case of substances which are not natural 
products. 

At the back of the book are to be found tables of (i) atomic weights 
(the title of this strictly atomic weight table is misleading; it reads "Com¬ 
bining (Atomic) Weights”), (2) domestic weights and measures, (3) 
metric equivalents, (4) equivalent temperature readings for Fahrenheit 
and Centigrade scales, and (5) specific gravity equivalents for degrees 
Baumt-, and, in addition, a list of definitions of units and information 
regarding the transportation by freight of dangerous articles other than 
explosives. 

The thorough manner in which the dictionary is cross-indexed is a most 
valuable feature. It is a well-known and unfortunate fact that a great 
many chemical substances have several used names. Cross-references 
direct the user of the dictionary to the name which has been given the 
preference. By this means the dictionary will do good sendee in helping 
users to ascertain the meaning of more or less obscure names. It seems 
as though considerable space might have been saved without loss by the 
use of an occasional general cross index entry to replace a series of like 
ones. For example, a single brief note under the heading “Oils” explain¬ 
ing how oils have been handled might have replaced over 5 pages of cross- 
index entries starting with the word "Oil.” 

In a dictionary prepared chiefly for those interested in the commercial 
side of chemistry it is perhaps to be expected that the nomenclature will 
be influenced by commercial usage, which does not always agree with 
the usage best from theoretical considerations. One gets the impression 
in looking through the Condensed Chemical Dictionary that the com¬ 
pilers have in general tried to use for a compound the name to be preferred 
from a scientific standpoint when a commercial name which is different 
is not too predominately in use. Tins seems to be a reasonable attitude. 
It is hard to pass -by, however, without expressing a hope for at least one 
change, namely, that some day in the dictionary, the trade and more 
generally elsewhere the name “hydroxy” instead of “oxy” will be adopted 
for the OH group in compounds. And it goes against the grain a bit 
to see thiocyanates (-CNS) called "sulfocyanides." The new official 
names for certain licensed synthetic pharmaceuticals now manufactured 
in this country, such as ‘‘barbital,” have not been given preference over 
the names of thq German products (“veronal” in the example just given). 
The spelling follows the rules set forth in "Directions for Assistant 
Editors and Abstractors" of Chemical Abstracts. 

No abbreviations have been used. To many this will no doubt appeal 
as being a satisfying departure from the usual practice in dictionaries; 
to others it will probably seem that a good deal of space should have bees 
Saved by the use of some of the more common abbreviations at 
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as sp. gr. for specific gravity. The spacing between the entries and at the 
bottom of the page is such as to leave a little room for memoranda. 

An interesting feature of the dictionary is the designation by marking 
with an asterisk of all of those substances now made in America. It is 
pleasant to note so many asterisks E J. Crane. 
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*A STUDY OF THE DETERMINATION OF AMINO ACIDS BY 
MEANS OF THE HYDROGEN ELECTRODE. 

By E. L. Taguk 
It*niv«<KAprU 29, 1919 

Some lime ago the writer began a series of investigations on the condi¬ 
tions for the activity of proteoclastic enzymes of wheat and flour.* The 
extent of protein hydrolysis in the auto-digestion experiments was deter¬ 
mined by means of the found titration method of Sdrenscn. After this 
had been used for some time an attempt was made to substitute electro¬ 
metric titration for it. The results obtained were so encouraging that 
farther work was deemed advisable. Before much headway could be 
made in the study of protein hydrolysis of flour, however, it was neces¬ 
sary to know the behavior of the different degradation products erf protein 
imlrolySis upon the hydrogen electrode, A few of the ampler amino 
acids were first investigated from this point of view, namely gtycocbU, 
a monoamino monocarboxylic add; phenylalanin, a monoamino mono- 
carboxylic add containing the benzene ring; lysin, a diamino mono* 
carboxylic add; glutamic add, a monoamine dicarboxylic add; and tyrosin, 
a monoamine monocarbcwtylfc add containing an hydroxyl group in the 
benzene ring. 

Several investigators have determined tin hvdrwm 
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of aqueous solutions containing glycocoll and sodium hydroxide, and gly- 
coooll and hydrochloric acid in different proportions. These mixtures 
ate used as standards in the colorimetric determination of tire hf]t is 
ioa. As far as the writer knows, however, none of these invesV; 
has differentiated between the excess alkali necessary to overcome! 
tjon and the amount of alkali necessary to neutralize the solute. Sim.; 
speaking, neutralization consists in bringing the concentration of the hydro¬ 
gen or hydroxyl ions to a concentration of i X io~ 7 gram ions ]X-T liter, 
OT Pb 7-°°- Certain substances, however, suclt as amino acids, lequire 
the presence of an excess of hydroxyl ions before they will show their 
maximum acid characteristics, or an excess of hydrogen ions before they 
will show their maximum basic nature Consequently in titrating an 
amino acid with a base it is necessary to have the concentration of the 
hydroxyl ion greater than i x io~ 7 in order to neutralize the acid quan¬ 
titatively. Even with the formol titration method of Sorensen, where 
the basic nature of the amino acid is first destroyed by formaldehyde, 
it is necessary to have an excess of hydroxy] ions. In such cases a certain 
proportion of the added hydroxyl ions are used up m bringing the solvent 
itself to the hydroxyl ion concentration required for complete neutraliza¬ 
tion of the solute. It should be possible then to tip ate aqueous solutions 
of amino acids without the previous addition of formaldehyde provided 
proper corrections are made for tins factor The hydrogen electro* 
furmshes a means for the accurate determination of this factor. 

° f th " amb0 acids ’ smce ^ amphoteric 
electrolytes, would be represented by the following equations (j) bv 

hydration: NH^R.COOH + Hl O * OH NH,R COOH; (a) and then 
(a) as an acid, OH.NH 3 .R.COOH H + -f OH \ T H R Cnn- n,\ 

base, OHNH,.R.COOH«N+^RCOOH + OH- M ^ '* 

oh.nh, r .cooh S nW, R + C “^ h ^ h« + - 

ionization equilibria of all the • ^ b h 3 an Inntr sa ^ (&«) The 

reduce *4 to the^^S ^ *■« 

dicarboxylic acids and the diamino aoirk\7 ?h ” ^ *** of 1,001 % 
equilibria, depending on the primary and W ° Ul<1 i>e intefln «M| 

- - - -- ■ - pnmar > and secondary ionizations as - 


an 


or as a base, respectively. — 

. t0 the amphoteric character of • . f 

ionization is comparatively ma ii p nr anuno acids > their degree of 

tions react slightly acid. When the constantT* 6 ^! aqueouS 9ol «’ 
are equal, the substance is neutral , ? J? ° and ** of *»>»«» - 

’ • *■’ the concentration of the ! 
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and hydroxyl ions are the same as in pure water. Notwithstanding this 
ceutra|ity, the solution of the add would still be an electrolyte because 
of it° ionization as an inner salt, and it would still be capable of acting 
Sbse toward adds and an add toward bases. In all neutralization 
pena, then, the inner salt would tend to hydrate and subsequently 
as a base as the hydrogen ion concentration of the solution ap¬ 
proached the ionization constant of the acid as a base. 

According to Walker, 1 if the concentrations of the different substances 
taking part in the above equilibrium are represented as follows ■ 

H + , OH', XOH-, HX+, HX0H _+ _X , 




then the equilibrium of the hydrogen ion is represented by the equation 
« . K -f kji 

Q* 3 * —-- Z. 

i -f k*u 


where a is the concentration of the hydrogen ion, K the ionization constant 
of the water, k a the ionization constant of the ampholyte as an add, k* 
the constant of the ampholyte as a base, and « the concentration of the 

The addition of sodium hydroxide to an aqueous solution of an ampho¬ 
teric electrolyte would decrease a. This decrease in a would have a sepa¬ 
rate effects on the right-hand side of the above equation- (i) « would de¬ 
crease; (2) k b of the ampholyte would decrease, since an increase in the 
hydroxyl ion concentration of the solution would cause a decrease in the 
basic characteristics of the ampholyte. In other words. *he result would 
be the same as though a series of amphoteric adds with decreasing k b 
were dissolved separately in a given volume of water and the above equi¬ 
librium formula applied. As the hydrogen ion concentration of the sola- 

lion approached the value k b , the value of the magnitude, would 


yecreaae and the expression o’ *= would become finally o* * 

K *f which is the expression for,a simple add with the same acid 
constant k a . The further addition of sodium hydroxide would cause a 
farther decreases in a and thus a corresponding decrease in «. Conse¬ 
quently the expression o* « K + h a u would tend to become a* * K, 
i, the concentration of the hydrogen and hydroxyl ions as far as die inner 
taltis concerned would be the same as the pure water. This means that 
from this point mi the solute has no further influence on the equilibrium. 
Therefore, the amount of hydroxyl km necessary to bring a solution 
of aaimino add to equilibrium at any point of less hydrogen ion con¬ 
centration than the k # of that add would be; 
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OH^c OH neutralization OH ttydratiou 
where 0 H'„ ulrfl i,„„ o „ is the amount necessary to neutralize the solute to 
that point, and OH" hydrlt , 0 n the amount necessary to overcome hytteation 
at the same point. At all points of greater hydrogen ion concentration 
than k b , the amount of base necessary to add would be less than OHj 
because of the ionization of the inner salt as a base. The ratio between 
OH~ neutrallzatIon and OH~ hydratlon would be given by the formula of Walker 
above mentioned. As soon as the concentration of the hydroxyl ion is 
sufficient to reduce the concentration of the hydrogen and hydroxyl 
ions, resulting from the dissociation of the inner salt, to the same value as 
that of tlie same ions in pure water, the solute has been quantitatively 
neutralized, and OH nelltrjllzatlon becomes a constant. 

This investigation of the amino adds then resolves itself into a study 
of 3 factors: the behavior of (1) the solute plus solvent, (2) the solvent 
alone, (3) the solute alone. The values of the third can be calculated 
from those of the first and second. 


If to a given volume of the amino acid solution, different portions of 
a standard alkali are added, and after each addition the Ph value is de¬ 
termined by the hydrogen electrode, a set of values are obtained which 


show the amount necessary to neutralize the solute and overcome hydra¬ 
tion of the solvent plus solute to tile same points. Again, if sufficient, 
standard alkali is added to a like volume of the solvent alone so as to bring 
it to the same P a values as those obtained with the original solution, 
care being taken to have the volumes the same at each point measured, 
respectively, another set of values are obtained wnich show the amount 
necessary to overcome the hydration of the solvent alone. Since the P„ 
values are the same in both cases, subtracting the cc of alkali necessary 
t ? b ™ 8 f vea ' itsel£ t0 “y Ph value, from those used in bringing 

whidlr If* !° tl,C SamC P " values ’ g^'e a set of values 

theZh th f~ Ur neutralization of the solute alone. In this way 
the behavior of the amino acid itself can Ka , , .. \ 

Of neutralization observed. determined and its own cours* 


Apparatus and Solutions Used. 

bridge; pie “ S: a Koht aasch slide wire 

millivoltmeter and multiplier' EdisG Northrup gasometer; a Weston ^ 

and normal calomel electrodes made " St< J age ce51s; “d the hydrogen 
brand . 1 Erodes made according to the directions of Hikte- 

tion against imp^tfes^g^t^ 1 'w2hS“ “ A 83 a P recaa ' 

* Joel H. Hildebrand, "So me 2Z , “ * ^ ° f bottles COOtain- 
Research, and Teaching,” This ^7^^" KectWde fa ****»**> 
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ing 2% permanganate solution, alkaline pyrogallic acid, and mercuric 
chloride. The electrodes as well as the tips of the burets were inserted 
through a rubber stopper which fitted the electrode vessel. In this way 
the solution was effectively protected from the carbon dioxide of the air. 
The electrode vessel was connected to a suitable shaking device run by a 
small electric motor. The calomel cell, electrode vessel, and connections 
were placed in a suitable bath and the temperature kept constant at 18 0 . 

The water, distilled, using condensers of block tin, was collected and 
kept in old glass containers which had been used for this purpose for 
several years. Carbon dioxide free air was passed through this water 
until it was practically free from carbon dioxide, and gave a P g value of 
6.0 to 6.6. All solutions used in this experiment were made up from this 
water and carefully protected at all times from the carbon dioxide of the 
air. 

Tenth molar solutions of the amino acids were used. The requisite 
amount of each acid was weighed out and dissolved in water, excepting 
tyrosin, which was dissolved in 30 cc. of o. 1 N hydrochloric acid, and the 
solutions made up to volume with water. It was desired to compare 
the results obtained here with those from the work on wheat and Sour. 
Since 100 cc. was the volume used in that investigation, the same volume 
was adopted here. 

The alkali used was o. 1 N sodium hydroxide solution. Two hundred 
g. of the c. P. salt was dissolved in 300 cc. of carbon dioxide free water. In 
alkali of tills strength the carbonates are insoluble. 1 From this solution 
portions were pipetted off and used in making up the 0.1 N solution. 
The alkali was standardized against o. 1 .V sulfuric acid, using phenol- 
phthalein as indicator. 

Procedure with the Hydrogen Electrode. 

Influence of Solvent on Titration.—Since it was desired to differentiate 
between the solvent and the solute, the first question investigated was 
the behavior of water under the conditions of the experiment. The curve 
obtained experimentally by the addition of different portions of standard 
alkali to a given volume of water and the determination of the P g value 
by the hydrogen electrode after each addition will show what influence 
the solvent has on investigations of this kind. This curve can be cal¬ 
culated also, and thus it serves as a check cm the purity of the water 
used and on the accuracy of the method. 

One hundred cc. of water was pipetted into the electrode vessel and 
hydrogen gas passed through until equilibrium was attained. This usually 
required 30 to 60 minutes. During the entire time the electrode vessel 
was shaken 50 to 60 times per minute. As soon as the potential remained 

11 Michael!*, Leocor, Wooer its t i n* *«** - *«*• 
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constant within one millivolt for 15 minutes, o t cc. of o. 1 N alkali was 
added from a buret. The solution was allowed to come to equilibrium 
as before. The potential was noted and alkali run in again until o. a cc. 
had been added. The constant potential was determined again and 
noted. In this ivay definite portions of alkali, as noted in Table I, were 
added and after each addition the constant potential was determined 
and noted. This was continued until 50 cc. altogether had been added. 
Preliminary experiments showed that it was not necessary to go beyond 
this value in the present experiment. 

In Table I will be found the data Ihus obtained, together with the 
theoretical values 

The concentrations of the hydrogen ion were calculated by the follow¬ 
ing formula' 

E = o 0577 X log i/c -f o 283 (1) 

where E is the potential in volts at equilibrium; C the concentration of 
the hydrogen ion in gram ions per liter; o 0577 the value of the constant 
RT/F at 18 as given by Nernst; 1 and o 283 the potential difference be¬ 
tween the normal potassium chloride electrode and the normal hydrogen 
electrode as zero 2 If the ionization constant of water at 18“ be taken 
as 0.64 X io'« as given by Nemst, 5 then 


qjj- __ O 04 X IQ 


h + 

The theoretical values were calculated by the following formula: 

-4 X tV 


<*) 


OH = 


X I 


too + A 

ZZFJXT**- ? 011 _ i0 ” “ «“ p» “to; 4 - 

CC. el water, the fo,„la ' Mrocrfc ■< added to ,oo 


OH = 


U I 


At this concentration 1 
OH 


T^~ = 0 ' ° 333,1 


93 5 ( c /(), whence 

T , 0 03333 x 93-5 *= 3 12.10'*, 

tne percents ionization were obtains t. 

data given by Prideaux < r ° m 3 gTaph instructed from the 

Nernst, Z EUktrochem i? , 

1 WWe, z phynt > 3 6J « (•*»); is, S 37 (l50,). 

‘SL 4 Chm ‘ ** 133 O 894 ). 

deaUS ' •* U* of IndiXa" 10.7 „ , „ 

* P. *8, New York. 
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Table I. 

Addition of Standard Alkali to 100 cc. of Water. 


C*, 0,1 M 
NitOH. 

Volt. 

PB 

Grain too* 

OH (determined) 

Gram tons 

OH (calculated). 

lontution 

% 

Eqtii. 

0.636 

6.462 

1.853 io~* 



01 

0 868 

10.136 

8.78.10-* 

9.99 «o~* 


0,2 

0 88* 

10.413 

1.67. io~* 

1.98. IO~‘ 

99 5 

0.5 

0.910 

10.864 

4.70 10 -* 

4,92.10 -* 

98.9 

1.0 

0928 

11.176 

9.62. io~* 

9.71. lo~* 

98.1 

5.0 

0 967 

11.853 

4 57 »o-' 

5 54 if' 

95 4 

10.0 

0 983 

12.130 

8.64.10-* 

8.64 10 -* 

95 I 

30.0 

O 998 

12.J89 

1. J7 10 ■** 

1.38. io“* 

947 

50.0 

1.006 

12.527 

2 , !J. IO~* 

2.17. lo - * 

94 3 

40,0 

1.011 

12.614 

2.63.IO-’ 

2 .68.10'* 

94 O 

50.0 

l.OIJ 

12.684 

3 09 lo“* 

3.12. lo** 

93 5 


Titrating the Amino Add Solution.—Twenty-five cc. of 0.1 N glycocoll 
solution and 75 cc. of water were pipetted into the electrode vessel and 
hydrogen gas passed through until equilibrium was attained. Then 
different portions of o. 1 N alkali were added from a buret, as indicated 
in Table II, and after each addition the equilibrium point was noted in 
exactly the same manner as in the preceding experiment. The addition 
of alkali was continued until the solution had a Pg value of about 12.5. 
Preliminary experiments had shown that all the amino acid was neu¬ 
tralized before this value was reached. When the values thus obtained 
were plotted, as in Fig. 2, a curve was obtained which shows the course 
of neutralization of the solute and the behavior of the solute plus the 
solvent under hydration. But since the curve of neutralization of the solute 
was desired, it became necessary to determine the blank. 

Determining the Blank.—By the term "blank*’ is meant the cc. of 
alkali necessary to bring the solvent itself to the same P a values as those 
obtained by the addition of definite portions of alkali to the solution of 
the amino acid. Since 100 cc. of the solution of the amino acid was 
used, 100 cc. of water was taken in determining this blank. To this 
o. 1 N alkali was added in such portions as were necessary to bring the 
blank to equilibrium at the same P B values as those obtained in the solu¬ 
tion of the amino acid. But since the solution of the amino acid always 
required more alkali to bring it to a certain Pg value than the same vol¬ 
ume of water alone, sufficient water must be added at each Pg value to 
bring the blank to the same volume as that of the original. For example, 
10 cc. of alkali produced a Pg value of 9.57 in the glycocoll solution. 
The total volume at this point was no cc. It required o. 1 cc. of alkali 
and 9,9 cc. of water to give the blank a Pg value of 9.57 and a total vol¬ 
ume of no cc. The water was added to the electrode vessel from a 
second buret. Is practice sufficient alkali was added to the blank to 
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bring it to equilibrium at approximately Pa 9-57. care being taken not 
to over run. From this a rough estimate of the amount of water to be 
added could be made. Somewhat less than the estimated amount was 
added and the solution brought to equilibrium again. This addition of 
water or alkali was repeated until the blank came to equilibrium at Pg 
9.57 with a total volume of no cc Subtracting the cc. of alkali neces¬ 
sary to bring tne blank to the value Pg 9.57 from the cc. which produced 
the same value in the original solution, gave the ec. of alkali necessary 
to neutralize the amino acid to the same point. Thus of the entire 10 
cc. of alkali added to the glycocoll solution, 0.1 was apportioned to the 
solvent and 9.9 cc. to the solute. If the blank is determined in this way 
for all the Pg values obtained in the original solution and the cc. thus 
obtained subtracted from the cc. obtained in the titration of the glyco¬ 
coll, a set of values is obtained which represents the course of neutraliza¬ 
tion of the acid itself. As soon as all of the acid is neutralized this value 
becomes constant and the curve from that point on runs parallel to the 
P B axis. Thus the method becomes a quantitative one. The results 
are set forth in Table II. Fig. 1 shows this method of differentiating be¬ 
tween the solvent and solute. & 


Volts, 
o 700 
o 712 
o 749 
o 767 
o 797 
o 812 

° 83s 
° 855 

o 877 
o 914 
o 940 
O 95 * 

0 9785 
O 987 
1 008 


Tabi.8 II 

Titration of the Solution of Glycocoll 


PH 
7 22 

7 44 

8 08 
8 38 

8 90 

9 r6 
9 57 
9 9 J 

to 30 
to 93 
it 38 
tt .58 
12 03 
12 20 
12 36 


Cc AV10 NaOH 
added to dly 
cocoil solution 

Equi 

O 1 
O 5 
1 o 
3 o 
5 o 
to o 

13 o 

20 O 

23 o 
28 0 
30 O 
40 o 
50 o 
too o 


r ... Cc V/IO ATaOH used 
4 ” / N«OH m neutfali nin g 
for blank j _ t . 


Mmiot acid atocte 



0 j 

0.5 


I . 0 

J. O 

5.0 

0 I 

9 9 

O 2 

14 8 

0 3 

>9 7 

• i 

*3-7 

s 2 

24 8 

5 0 

23.O 

15 1 

24 9 

23 0 

2J.O 

75 0 

25.0 


the same way. The daU i s set forth^T ^ "*** “ ve8ti K* t *i b 
headed “Corrected, cc.” are found the ec of IU * In thc 
the ammo add alone to the coirespondW , neoessar F to neutralb 
curve of neutralization for each amine add * VaItW ' F ^* * shows th 
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Table III. 

Tiuation of the Amino Acids. 


NaOH added 
C* 

NaOH Mask 
Cc. 

Corrected 

Cc 

Volt 

Pb 

Eqoi. 


Phenylalanin. 

0 518 

4 07 

O I 


0 1 

0 . 5*7 

4.33 

O 3 


0 3 

0 531 

4 *9 

o.i 

. . 

0 5 

0 346 

4 56 

1.0 


1 0 

O 373 

5-oa 

5 0 


5-0 

O 769 

8 4* 

10.0 

. . 

to 0 

O 800 

8 95 

lj 0 


>5 0 

O 833 

4 54 

20 0 

O 3 

19 8 

O 845 

9 74 

as 0 

0 3 

*4 5 

O 891 

«o 33 

a8 0 

3.9 

*3 1 

O 938 

11-33 

30.0 

3 © 

*30 

O.949 

ll 58 

40.0 

13.0 

33 0 

O.976 

13 Ol 

30.0 

33 0 

73 0 

O 987 

13 30 

Rqui. 


Tyroaia. 

O 437 

* 67 

1.0 

.. 

1 0 

O.497 

3 70 

3.0 


5.0 

0 734 

7 «4 

10.0 

.. 

10 0 

0 803 

9 00 

30 O 


30 0 

O 846 

9 76 

30.0 

0.3 

39 8 

0 868 

>0 14 

40 0 

© 3 

39-3 

O 891 

10.53 

So 0 

3 6 

47 4 

0 931 

II .*3 

60.0 

11 5 

4 » 3 

O 966 

11 84 

70.0 

30.4 

49 6 

O 979 

13 .06 

80.0 

*9 7 

50.3 

O.987 

S 3 30 

90.0 

39-3 

30 7 

O 993 

13.39 

100.0 

30.0 

30 O 

O 997 

1* 37 

130 0 

79-6 

50 4 

1 003 

11.31 

Equi. 

© 3 


Ljrsm-tHh y drochkaide. 

0 395 

0.3 0 396 

1 94 
i 96 

«S 

. 

1 5 

0-397 

1 97 

10.0 


10.0 

O 413 

2 35 

ISO 


*5 0 

0 4*3 

3 46 

30.0 


30 O 

0 447 

3.84 

35.0 

.. 

*5 0 

0.706 

7 33 

30.0 

. . 

30 0 

0.833 

9 57 

43 0 

.. 

43 0 

0845 

9-74 

6O.O 

0.9 

59-1 

0.903 

to -73 

73 0 

5.1 

69 9 

O.944 

11.45 

83 © 

t*>S 

7 * 5 

0.963 

11 8a 

100.0 

13.3 

74 8 

0.980 

11.08 

130,0 

43 * 

74-9 

© 99*5 

1**8 

1300 

7 *-o 

73 © 

1.0013 

11.11 




B. L. TAGUS- 


Taels III (continued) 


N*OH added 
Cc 

NaOIl blank. 

Cc 

Corrected 

Cc 

Volt 

PB 



Glutamic Acid 



j6 

Equi 



O 471 

3 

O 2 


0 2 

O 477 

3 

37 

I o 


1 a 

O 475 

3 

33 

5 O 


5 0 

O 498 

3 

73 

IO 0 


10 0 

O 517 

4 

05 

20 O 


20 0 

O 56s 

4 

«3 

26 o 


26 0 

0 773 

8 

49 

30 0 


30 0 

0 814 

9 

JO 

40 0 

O 1 

39 9 

0 856 

9 

93 

50 0 

I O 

49 0 

0 906 

10 

79 

56 0 

6 8 

49 2 

0 954 

11 

63 

60 0 

9 9 

50 1 

0 961 

11 

75 

80 0 

30 0 

50 0 

0 987 

13 

JO 

100 0 

50 0 

50 0 

0 9967 

12 

37 


Discussion of Results. 

Differentiation between Solvent and Solute. The colorimetric 
method is laborious, and the errors due to the presence of salts, proteins, 
and other substances render the results in some cases well-nigh worth¬ 
less. The hydrogen electrode makes possible an exact differentiation 
between an amount of alkali or acid to be apportioned to the solvent and 
solute, respectively, at any P H value. The results shown in Table II 

___ and graphically in Fig. 

—— . - i illustrate this method 

• ! ~ - of differentiation Since 




/ uy cocoa sclupon 


2 WCR AlOAfc 


3GLYC0C0U AlOHf 


■llll 
(■■■■■■I 

inini 


x illustrate this method 
of differentiation Since 
at each P H value the 
concentration of the 
OII~ ion both in the 
blank and in tbe solu¬ 
tion of the amino acid 
are the same and the 
volume of the original 
solution and the blank 
are equal, there would 
- - --- be no difference in ion- 

Fig i.—Method of different,mg between the solvent .ml ization “ Observed 
the solute results for the blank 

aminn . T ,, and for the solution of 

amino acid. In case the blank is calculated, however, a correction must 

tion" alSl/^rthe TJ* furth ~ **■ 

the solute runs parallel to the P a, n curve tor 

paraiiei to tne F a axis. At this point the solute has been 
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quantitatively neutralized. The ionization of sodium giycollate as a 
base would not be appreciable at this hydroxyl ion concentration; hence 
the method becomes a quantitative one. 

Neutralization Curves for the Different Amino Acids.—In Fig. 2 will 
be found the curves showing the course of neutralization for the sub¬ 
stances used in this investigation. The curve for glycocoll is quite sym¬ 
metrical and shows the influence of the amino group on the neutraliza¬ 
tion of the carboxyl The acidic nature of the benzene ring is shown very 
clearly by the curve for phenylalanin. Not only is the initial P B value 
greater than that of giycocoli, but the curve of neutralization lies above 
that of glycocoll for the entire distance. 



In the curve for glutamic acid the influence of the second carboxyl 
group Van be clearly seen. One carboxyl group is neutralized above the 
concentration P B 7; while the other is below this point. The influence 
of the amino group cm the nearest carboxyl makes an enormous differ¬ 
ence on the concentration of the hydroxyl ion necessary to neutralize it, 
as compared with that for the carboxyl further away for the amino group. 

Since it was desired to see what influence the combined hydrochloric 
add would have cm the neutralization curve, no correction was made for 
the combined add in lysine dihydrochloride. It will be noticed 
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about Vj of the acidity is neutralized before the value P w 7,0 is readied 
and */» below this point. This would indicate that the strongly negative 
chlorine influences the molecule to such an extent that lysine dihydro¬ 
chloride ionizes as a strong acid. Since both amino groups are combined 
with hydrogen chloride, the carboxyl will be neutralized above the P a 
7.0 point. An excess of hydroxyl ions are necessary, however, to split 
off the combined hydrogen chloride groups. 

As might be expected, the tyrosin molecule behaves as a dibasic add. 
A greater hydroxyl ion concentration, however, is required for complete 
neutralization than in the case of the simpler amino acids. 

A comparison of the neutralization curve of tyrosin with that of phenyl- 
alanin shows the increased acidic property imparted by the hydroxyl 
groups in the benzene ring. 

Summary. 

1. By means of the above adaptation of the electrometric titration 
method it is possible to obtain the neutralization curves of amino adds 
alone. In this way the influence of the different groups in the molecule 
can be seen and certain inaccuracies in the formal titration method ex¬ 
plained by definite data. 

2. An hydroxyl ion concentration of about 2 X 10' * (P B 1 2.5) will 
suppress to a negligible quantity the basic ionization of the sodium salts 
of the amino acids, and thus make possible>a more exact quantitative 
determination of the diamino adds as well as that of others containing 
strongly negative groups. 

3. The quantitative method is carried out as follows. Sufficient stand¬ 
ard alkali is added to a definite volume of the aqueous solution of the 
amino add under investigation to give it a P H value of about 12.5. Then 
to an equal volume of water, the same standard alkali is added in am 
amount suffident to give it the same P„ value, care being taken to add 
sufficient water to give the blank the same volume as that of the original 
at the P B value compared. Subtracting the cc used in the blank from 
that required in the original gives the cc. of standard alkali necessary 
to neutralize the amino add alone. 

Euus. 
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A. Introduction. 

This investigation is a study of the equilibrium between mixed sodium 
and potassium salts and liquid amalgams, with free mercury present in 
such quantity that its active mass may be taken as constant, as repre¬ 
sented by the equation, 

KHg„ + NaX KX + NaHg„ 

in which NaX and KX represent the dissolved halides, chloride, bromide, 
or iodide The investigation is the sixth of a series on this subject, 1 and 
its especial object is to study the influence exerted by the anions on the 
constitution of aqueous halide solutions.* 

It has been shown in earlier papers of this series that in equivalent 
mixtures of sodium and potassium chlorides, the sodium ion fraction 
gains upon that of the potassium as the concentration is increased. Anal¬ 
ogous observations have been made, to an even greater degree, in the 
present investigation, which, in addition to the chlorides, includes the 
bromides and iodides of sodium and potassium. These ion-fraction 
changes may be due to any or all of the following causes: the existence 
of intermediate ions, of hydrated ions, and of complex ions. 

B. Theoretical. 

Since only the free atoms and ions of the metals are supposed to take 
a direct part in the reaction represented by the equation, 

+ Na fft o Nau, + Kno> 

we must re-state the equilibrium in terms of the equation, 

1 Prom a theta submitted to the Graduate School of the University of Illinois 
by lanatng Sadler Wells ia partial fulfilment of the requirements for the degree of 
Doctor of Philosophy in chemistry. 

*G. McP. Smith, This Journal, ja, jo* (1910); 35, 30 (toij); Smith and Ball, 
Mi 179 f« 9 » 7 ); Smith and Braiey, 39, 1343 (1917); Smith and Rees, 40, iSoa {1918). 

* The failure of the application of the different methods of determining the degree 
of ionization, namely the methods involving colUgative properties, and also the can* 
ductivity method of Arrhenius, may be attributed to the occurrence of complex chemical 
processes between the different k>ttic and molecular species in solution, the nature, or, 
at way rate, the extent of which is by no means well known (cf, Smith and Rees, Lea. 
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K° + Na+ Z^L Na 6 + K f , (i). 

in which K° and Na° represent the free atoms of potassium and sodium 
in the mercuri al phase, and Na + and K + the simple, free ions in the 
aqueous phase And this equilibrium may be formulated into the fol¬ 
lowing mass-law expression: 

^ = ho rC „. W 

(Na°)(K + ) 

in which (K°) and (Na°) are the mol. fractions of free, uncombined 
potassium and sodium in the mercurial solution, and (K + ) and (Na + ) 
the simple ion fractions of these metals in the aqueous solution. 

A liquid alkali amalgam contains, as the solute, a compound of the 
general formula MeHg„ J but, even so, the alkali metal in such an amal¬ 
gam possesses a solution tension, or tendency to enter into aqueous 
solution in the ionic condition. The solute in these amalgams must, 
therefore, be very slightly dissociated, in the sense of the equation, 

MeHg* Me° + *Hg, ( 3 ) 

for which the mass-law expression is 

(MeHg.) 

Or, in the very dilute amalgams, in which the active mass of free mer¬ 
cury is constant, we have 

(Na°) , (K°) 

7^r- “ const., and —— ■■■■ « const- 

(NaHg,) (KHgJ 

Assuming that these expressions hold true in amalgams containing both 
metals, we obtain 

j£3. «■ -<gg 8 -> - + (KHgJ (K„,) 

(Na°) (NaHg„) (Na°) + (NaHg,) (Na„,)' U) 

and, substituting in Equation 2 , for the value —^ we obtain 
.. . (Na ) (Na flf ) 

the expression 

(*W(Na+) 

(Na //t )(K+) ** * (5) 

Now^ in any individual mixed salt solution, the ratio of the salt frac¬ 
tions must bear some numerical relationship to the ion-fraction ratio, or 
(NaX) (y a +) 

(KX) “ W ( 6 ) 

1 It is thought advisable to return to the leu p* l 1™ , . 

“ place of the symbol C. which K) ‘ ** h the on « m * i 

papers of the series (cf Smith and Rees / SPtCm rea400 Md fourth 

! Cf. G. McP. Smitt ZlJZ p ’ 8o8 ' '«»***>• 

* AU * trm ' Ckem - A 38, (rjos, j 88, ,6, 
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in which the value of « is unknown and may, of course, vary with the 
conditions of salt concentration. But, whatever the value of n may be 
at any specific composition of the aqueous mixture, it follows from the 
preceding equations that, in the case of any particular equilibrium mixture, 
(KgjKNgg) _ _ c _, (7) 

(Na„)(KX) 

The values of (K W( ) and (Na/?,) may readily be calculated from the 
analytical data of the equilibrium amalgams, and (NaX) and (KX) are 
known concentration fractions of sodium and potassium chloride, brom¬ 
ide, or iodide. Thus it is possible to calculate C„ the “equilibrium ex¬ 
pression” at any specific salt concentration. 

By definition, 

(Na + ) 4 - (K+) = 1. 


Combining this with Equation 5, and solving, we get 

(K+) = --. (8) 

OW + fc(Na Ht ) 

If, therefore, a means could be found of obtaining the value of k, we 
should be in a position to calculate the actual ion-fraction values, (Na + ) 
and (K 4 ), in the various mixed solutions. 

C. Experimental Details. 

1. Materials and Apparatus.—In addition to the apparatus and ma¬ 
terials used in the preceding investigations, and there described, the fol¬ 
lowing are used for the first time in this investigation: 

(а) Sodium Bromide, NaBr.zH^O. —The pure commercial salt was re- 
crystallized from hot distilled water. The mother liquor was removed 
as completely as possible by suction, after which the remainder was thrown 
off in a high speed electrical centrifuge. A second crystallization was 
made from pure water, and the mother liquor removed as before. After 
this the crystals were dried for several days over calcium chloride, and 
the hydrated salt finally placed in tightly stoppered bottles. 

(б) Potassium Bromide. — A good grade of commercial salt was recrys¬ 
tallized twice from hot water, as described above. The salt was then 
dried in a platinum dish in an electric oven at 150°. Just before use it 
was'heated in the dish in an electric muffle furnace for at least two hours 
at a temperature just short of fusion. It was cooled in a desiccator over 
calduxn chloride 

( c) Sodium Iodide , Nal^Hd ).—The pure commercial salt was recrys¬ 
tallized three times from hot water, as described in the purification of 
sodium bromide, After this the crystals were dried for several days 
over calcium chloride, and the hydrated salt finally placed in tightly 
fioppcrea wtim 
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(d) Potassium Iodide .—A pure grade of commercial salt was recrya- 
tallized two or three times from hot water. The samples were then dried 
in an electric oven for several hours at 150°. and finally placed in tightly 
stoppered bottles. 

2. Method of Experimentation, (a) Solutions .—Separate solutions 
of the NaX and KX (in which X represents Cl, Br, or I) were made up, 
each equal in concentration to the total concentration of the mixed solu¬ 
tion desired. By mixing these solutions in the proper volume relations, 
solutions of any salt concentration ratio desired, and of the given total 
salt concentration, were prepared. 

In the case of the sodium chloride, potassium chloride, or potassium 
bromide, the pure dried salt was weighed out in the calculated quantity, 
dissolved in pure water, and the solution transferred to a calibrated vol¬ 
umetric flask, in which it was diluted to the mark at 25° In the case of 
the potassium iodide, sodium iodide, or sodium bromide, the salt was 
weighed out in sufficient quantity to give a solution slightly more con¬ 
centrated than desired. The normality of the solution so prepared was 
determined by the Yolhard volumetric method, and it was then accu¬ 


rately diluted to the desired normality. 

(6) Equilibrium.—In order that, at the start of each run, the amalgams 
should be as nearly as possible of the same concentration, the analyzed 
stock amalgams were diluted with mercury to the specific concentration 
desired. These amalgams were then brought into equilibrium with the 
solution under investigation, as described in the previous paper. The 
amalgam was in each case finally washed with water, and decomposed with 
hydrochloric add, according to the procedure described in an earlier paper. 1 

Each run was made with 6 separate reaction mixtures, 3 of which were 

S , , e w,t . sodlura amalgam and 3 with potassium amalgam; in all 6 

Inn 1 sa! i S0luti0MS were used Equilibrium was, therefore, 

approached 3 times from each side. 


(c) Treatment ,/ DminfasUwa Products.—Tit hydrochloric odd 

r.cr,r s ;r2, re “r lro " b-* “ d 

to within o 1-0 ■> sr Ti • J he mercury ltseM was d ned, and weighed 
- described in a " d « tad —• 


“• ^ijieximental Data. 

tables: Is TaU™^”kh'( ‘eP''''‘7'n «> tte following 

‘ -d *» the det. id 

1 Smith and Bali, Tbid T£» a 

in that the concentration of ** * 

equmonum amaUatna was aoctimtdv 
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well as to afford an indication of the degree of accuracy attained, 1 the 
figures in the first column refer to the number of the experiment; the second 
column indicates the amalgam used at the start; the third, fourth and 
fifth columns contain the data, in grams, obtained by the analysis of the 
amalgam after the establishment of equilibrium between it and a solu¬ 
tion of the composition given at the top of the table. Tlius Col. 3 gives 
the weight of'the mixed alkali chlorides; Col. 4 the weight of potassium 
chloroplatinate obtained in the analysis of the mixed chlorides; and Col. 

5 the weight of the mercury in the equilibrium amalgam. Col. 6 shows 
the concentration of the equilibrium amalgam in total milli-equivalents 
of alkali metals per 10 g. of mercury, as calculated from the data in Cols. 
3, 4 and 5; Cols. 7 and 8 give the mol. fractions of the amalgamated 
metals in the mercurial phase at equilibrium, as calculated from Cols. 3 
and 4; and Col. 9 gives the value of the expression 

g-aMgg? = = c-, 

(Na„,)(KX) 

in which (K /fjt ) and (Na n ,) are the respective mol fractions in the mer¬ 
curial phase, from Cols. 7 and 8, and (NaX) and {KX) are the known 
mol fractions of the halides in the aqueous phase. 

In the light of the alrove description the subsequent tables, which con¬ 
tain the results in abbreviated form, will be self-explanatory. 

x. Effect of Varying the Concentration of the Mercurial Phase at a 
Fixed (Equivalent) Salt-Concentration Ratio and a Fixed Normal Con¬ 
centration of the Aqueous Phase.—In the sodium-potassium equilibrium, 
the sodium-strontium equilibrium, mid the potassium-strontium equilib¬ 
rium, it has previously been observed that the total concentration of the 
mercurial phase exerts a marked effect on the equilibrium value C t . In 
the case of the sodium-strontium equilibrium the C L value was found to 
be a linear function of the amalgam concentration. 1 In the potassium- 
strontium equilibrium it was found that the C c value increases directly 
with the amalgam concentration up to about 0.3 miili -equivalent of 
metals per 10 g. of mercury.* In all 3 equilibria studied it has been ob¬ 
served that when highly concentrated liquid amalgams are used the values 
of C„ obtained are apt to be erratic. 

When it was first realized that the concentration of the liquid amalgams 
was a factor of moment, a study was made of the question by diluting the 
original amalgams with varying amounts of mercury, in a series of deter¬ 
minations, and then bringing them to equilibrium, at 25°, with a 0.2 N 
1 The most consistent value* are obtained with amalgams which contain 0.13-0 *0 
miUi-etjuivaJeiiu of metals per 10 g. erf Hg; for this reason, beginning with Table IV, 
the amalgams used were all of this approximate concentration 
•Smith and Braley, hoc, til. 
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equiv alen t mixture of sodium and potassium chlorides ; 1 but, owing to 
the incomplete nature of this first study, it has seemed desirable to in¬ 
vestigate the question further. 

Tabus I. 

The Effect of Varying the Concentration of the Mercurial Phase at a Filed (Equivalent) 
Salt-Concentration Ratio. 



Temperature, 25°. 


Nad : KCt. 






Milll- 

Mol fractions of 



Aiual- 

equilibrium amalgam. tqmv of amalgamated meuia. 


JSxpt 

No. 

Kara at 

start 

Nall+KCl. 

KiPtCU 

Hg. 10V H« 

Na. 

E. 

C t . 

I. 

.Na 

0.2118 

0.2353 

57-3 

0.5E6 

0.713 

0.287 

0.403 

2. 

. Na 

O.i860 

0.2090 

50.7 

0 581 

0.709 

0.291 

0.411 

3- 

. Na 

0.2180 

0,2407 

57-6 

0,600 

0.715 

0 285 

0.397 

4 - 

. K 

O.209I 

O.2300 

55 a 

0.601 

0 715 

0.285 

0 39 * 

5 - 

. K 

0.2137 

0.2368 

56-3 

0.602 

0713 

0.287 

0.401 

6. 

. K 

0.1915 

0,2111 

51 0 

0.596 

0.715 

0 2B5 

0.398 





Mean. 

0.594 



0.401 

7- 

. Na 

0 2018 

0.2367 

109 5 

0.291 

0 695 

0.305 

0.438 

8. 

, , . . Na 

0 2055 

0.2403 

107 7 

0 301 

0 696 

0.303 

0.435 

9- 

. Na 

0 2181 

0 2544 

113 2 

0 304 

0 698 

O 302 

0 433 

JO 

. K 

0.2148 

0.2515 

1*5 9 

0.285 

0.696 

0 304 

0.436 

11. 

. K 

0 2299 

0.2698 

118.1 

0 307 

0.695 

0 305 

0 439 

12. 

.K. 

O.2133 

0 2491 

108.8 

0.309 

0.697 

0 303 

0 435 





Mean, 

0.299 



0.436 

13- 

.Na 

0.1843 

0.2210 

198.2 

0.146 

0.688 

0 312 

0 453 

14. 

.Na 

0.1990 

0.2379 

197.4 

0.159 

0.689 

O 3II 

0 451 

15- 

. Na 

0.2069 

O 2476 

*97-4 

0.165 

O 689 

0 311 

0 45' 

16. 

. K 

0 . 2240 

0.2720 

199.0 

0.177 

0 684 

0.316 

0.462 

i7- 

.K 

0 2265 

0.2715 

201 .0 

0.177 

0 688 

0 313 

0.433 

18. 

. K 

0 2310 

0 7773 

199 6 

0 182 

0.688 

O.312 

0-433 





Mean, 

0 16S 



0-434 

19 

. Na 

0 2091 

0.2551 

261.8 

0.126 

0 684 

0.316 

0.462 

20. 

. Na 

0 1630 

O 1957 

256.8 

0.101 

0 692 

0 308 

0-443 

21 

.Na 

0 '575 

0 1868 

26l .2 

0 093 

O 689 

0 311 

0.452 

22. 

.K 

0 2176 

0 .2648 

262.9 

0 130 

0 685 

0.315 

0.459 

23 . 

K 

0 2311 

0 2790 

279 2 

0.130 

0 686 

0,314 

0-437 

24 

K 

0 169+ 

0 2039 

553 6 

0 105 

0.686 

0.314 

0.456 


. Na 

. K 



Mean, 

0.115 



0-433 

25 . 

26. 

0.2101 

O 2152 

0.2546 

0 2627 

557-1 

573 3 

0.0593 

0.0586 

0.684 

0.683 

0.316 

0,317 

0.461 

0.463 

)S. 


0.2033 

0.2463 

554-0 

0.0573 

0.688 

0.311 

0-453 


0 2171 

°S594 

560.5 

0.0617 

0687 

0.313 

°» 4 W 

1 

Smith and Ball, Lot. cil. 


Mean, 

0.0592 



0.458 
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The data for this study are given in Table I. In this series of experi¬ 
ments, with equivalent sodium and potassium chloride mixtures at a total 
concentration of 0.2 N, the concentration of the amalgams was decreased 
in each successive run. 

It is to be noted that 
the mean values of the 
‘ ‘equilibrium expression, ’' 

C c , obtained in the dif¬ 
ferent runs increase with 
decreasing amalgam con 
centration. In any one 
run, the equilibrium 
amalgams of the indi¬ 
vidual mixtures were al¬ 
ways found to differ 
somewhat in concentra¬ 
tion; because, in the first 
place, the stock amal¬ 
gams were weighed out 
more or less roughly for 
dilution, and, in the sec¬ 
ond place, evolution of 
hydrogen (always in evi¬ 
dence to a very slight 
extent, at best) varied 
somewhat in the indi¬ 
vidual experiments. 

However, in the case of 
this equilibrium, the 
values of C c are not in- 



Fig. 1.— Showing the value of Cr m a function of 
amalgam concentration, at different salt concentiatkau, 
NaCI : KCI. Temperature, 25*. 


fluenoed enough by the slight differences of amalgam concentration in 
the individual experiments of a run to warrant a correction, as in 
the case of the sodium-strontium, or of the potassium-strontium equi- 
librium. 


Yable II contains data showing the effect of varying the amalgam 
concentration, but with equivalent sodium and potassium chloride mix¬ 
tures of 0.2, 0.5, i.o, 2.0, and 4.0 N concentration, respectively. 

In Fig. t, the values of C, as ordinates, are plotted against the total 
amalgam concentration in milli-equivalents of metals per 10 g. of mer¬ 
cury. Each point indicated in the plot is the average of about 6 sep¬ 
arate determinations. 
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Table II 

The Effect of Varying the Concentration of the Mercurial Phase at Various Fixed 
(Equivalent) Concentration-, of the Aqueous Phase. 

Temperature is’ NaCl : KC1. 

Mcl fraction* of 


Mean Tollies 

Mtill tq.iiv d 

amHlcamutrd metals 


of 'Eipts- 

Amalgam letils of metals 

- --- 



No 

at start per 10 g Hr 

Na 

K 

Cc 


Mixed Aqueous Phase o 

2 N (see Table I' 



Mean, o 594 

0 - 7 13 

0.2B7 

0.401 


Mean, o 299 

0 O96 

0.314 

0.436 


Mean, 0.168 

0 688 

0 311 

0 454 


Mean, 0.113 

0 687 

0.313 

0-455 


Mean, 0.0592 

0 685 

0 314 

0-438 


Mixed Aqueous Phase 0 5 N 



I- 3 

Sodium 0.435 

0 708 

0 292 

0.412 

4- 6 

Potassium 0 426 

0 707 

0 293 

0 - 4*4 


Mean, 0 430 



0 4*3 

7 - 9 

Sodium 0 170 

0 O95 

0 305 

0-439 

ro-12 

Potassium 0 174 

0 694 

0 305 

0 440 


Mean, 0 172 



0.439 


Mixed Aqueous Phase i o ,V 



' 3-15 

Sodium 0 504 

O 120 

0 280 

0 j 8 J 5 

16—r8 

Potassium 0 527 

O 122 

0 278 

0.386 


19-21 

22-14 

25-27 

28-30 


31-33 

34-36 

37-39 

40-42 


43-44 

45-47 


48-50 

51-53 

54-36 

37-39 


Sodium 0 ^ ^2 

Potassium o 337 
Mean, o 354 
Sodium o 162 

Potassium o ifio 
Mean, 0 164 

Mired Aqueous 
Sodium 0 

Potassium o 54 , 
Mean, o 539 
Sodium o 

Potassium o 374 
Mean, o 368 
Sodium o 

Potassium 0.139 
Mean, o 143 

Mixed Aqueous 
Sodium 0 4 „ 

Potassium o 420 

Mean, 0.416 
Sodmm 0 .iy« 

Potassium 0.173 
Mean, 0.17$ 


o 7fO 
O 710 

o 701 
O 700 

Phase 2 o A’ 
o 755 
0 735 


0.290 
o 2S9 

o 299 

o 300 


0.26s 
o ?r»«> 


O J«7 
0408 
o 40 8 
o 408 
0.437 
0-4*7 
o 4*7 

o 360 
0360 
o 360 


0 72s 

0 779 

0 27J 

0 271 

0 373 
Q-37J 

0 710 

0 715 

0 190 

0 284 

0 373 
O.406 
0-39* 

Phase 4.0 .V 


0.401 

0 757 

0 756 

0 *43 

0.244 

0.3*0 

0-3*2 

0 743 

0 746 

0*33 

0 254 

o.3»j 

0-343 

0-341 

.. 

0.341 
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a. Effect of Varying the Normal Concentration of the Aqueous Phase 
at a Fixed (Equivalent) Salt-Concentration Ratio and at Various Specific 
Am algam Concentrations. —Table III contains data showing the effect 
of increasing the total 
salt concentration in 
stages from 0.2 N to 4.0 
N, the salts (sodium and 
potassium chlorides) be¬ 
ing present in equivalent 
proportions, at various 
fixed amalgam concen¬ 
trations. The values of 
C t in this table were ob¬ 
tained by simply reading 
them from the plots in 
Fig. 1. at the indicated 
amalgam concentrations. 

Fig. 2 illustrates the ef¬ 
fect upon the C, value, 
at different specific arnal 
gam concentrations, of 
varying the normality of 
the aqueous phase in the 
case of equivalent so¬ 
dium and potassium 
chloride mixtures. From 
Urn series of plots it ap¬ 
pears that a change in 
CO n C e n t ra tinn of O. i concentration, at diflcrent amalgam concentrations, 
mill!-equivalent of metals NuCI : KC1 Temperature, aj*. 

per 10 g. of mercury produces a change of about 0.01a in the value of C«» 

Taws tU 

The Value of C. as a Function of Total Salt Concentration at a Fixed Equivalent Salt- 
Concentration Ratio and at Various Specific Amalgam Concentrations. 

Temptratun 25*. NaCi:KCl. 


C ( value* At t roUJi -equivalent* ol tuaiaia per 10 * of mercury. 
N'dfmsUur o# --- ■ - - -- - —- --—-- — —. . 


H^twrou* pUn**„ 

*-0l. 

«-0,2 

* ■» O.J. 

*•0 4. 


o.a 

o.«8 

0 447 

0.435 

0.434 

0.413 

0,3 

0 4*9 

o.«8 

0.428 

0,415 

0.403 

1.0 

0-435 

o-4»3 

0.41a 

0.401 

0-3*9 

3,0 

0,408 

0.396 

0.3*4 

0.373 

0.360 

40 

0,33* 

0 343 

0.331 

0.319 

0.30* 


3. Effect of Varying the Concentration Ratio of the Salta at a Fixed 
Normal Concentration and a fixed Amalgam Concentration.—If thfe 
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reaction between alkali metal amalgams and alkali salt solutions is ionic, 
the mass-law expression, 

(K H ,)(Na*) _ k 
(Na Ht )(K+'» " ’ 

demands tha t the value of k should remain constant, regardless of the 
relative concentrations of the simple sodium and potassium ions; on the 
other hand, however, constancy is not necessarily demanded in the value 
of C c in the equation, 

(K Ht )(NaX) _ 

(NajfcKKX) “ “ 

The results of previous experiments carried out in this laboratory with 
undiluted liquid sodium and potassium amalgams show "that if the total 
concentration of the solution remains constant, the value of C c is constant 
even though the mol fractions of the two salts in the mixtures vary over 
wide limits. . . When diluted amalgams and more concentrated 

aqueous solutions were employed, a slight change in the value of C c could 
be observed as the ratio of the salt concentrations was varied.’’ 4 


Table IV 

The Effect of Varying the Concentration Ratio of the Salts at a Fixed Normal Con¬ 
centration and a Fixed Amalgam Concentration. 

Temperature 25' 

M ixcd Aqueous Phase o t N 


Mi tn values 
of Lxpts 

No 

at 4tim 

MtUl eqima 
lenU of ruitals 

P« 10 * Hr 

MoJ fractions o i 
am 1 Ik a mated metal's 


Na K 

C c 



a NaCl-KO 



1 -1 

4- 6 

Sodium 

Potassium 

0 175 

0 176 

0 hi6 O.184 

O 815 O 185 

0 453 

0-453 


Mean, o 175 

NoCl-KC! 

Scv Table I, Expts 1 7-18 
Mean, o 168 

NaCl.2 KCi 

7- 9 Sodium o 171 „ J3 f, 

10-12 Potassium o i 75 0 j„ 

Mean, o 173 

Mixed Aqueous Phase 1 o A’ 
2 KaChKCl 

13-14 ^ ium o 1 7 g 0 gjJ 

15 17 Potassium o , 7 s 0 8jI 

Mean, o 178 

fiaCl:KCi 

See Table II, Expts 13-30 
■ - Mean, o 164 

Smith and Ball, Loc. til. 


o 474 
o 478 


0.177 
o T 79 


o 453 

o 434 

o 4 SJ 
0,457 

0.454 

O.431 

0.436 

» 444 

0 * 4»7 
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Table IV coatains the results obtained upon varying the ratio of sodium 
and potassium chlorides at a total concentration of 0.2 AT, and at a total 
concentration of 1.0 N, These experiments show that within the experi¬ 
mental error, the value of C c is constant when dilute amalgams and 
rather dilute aqueous solutions are employed. With the more concen¬ 
trated aqueous solution, there appears to be a slight difference between 
the values of C c obtained with a salt ratio of NaCl KC 1 and those ob¬ 
tained with a ratio of 2 NaCl: K.C 1 , but tlus difference really falls within 
the limit of accuracy of the latter run. These results are in accordance 
with, and confirmatory of, results obtained in the earlier investigations 
of the series. 46 , , ( . —— 

4- Effect of Varying the ■ » i ! J 1 j _ 

Normal Concentration of 44 Jjyx ; ; ; i , I * ! _ 

Equivalent Sodium and f : t 1 i ^ ^_ 

Potassium Chloride, Bro- ^ ^ L 1 T _ l 

mide, or Iodide Mixtures ‘ 'I T 

at a Fixed Amalgam Con- I \\ * ‘ ■ j 

centration.—In a previous 40 r ’ ' !\\ 1 | 1 * [ 

study of the effect of in- r * > } \\ } 1 I ‘ }~-- 

creasing the total salt con- -J#[- - 4 - f j “Oh-{ } *■- 

centration in sodium and I-! 1 1 , nj-I ! t - _ 

potassium chloride mix- j 1 „ VSSh, j <Ok -_ 

tures, at a fixed salt-con- j_ j _| , _ _ ' t \T vSa , 1 NJS] 

centra tion ratio, it was 4 _ j | , J JVvi | 

found 1 that upon raising , s ' i \\ \v ] p\l 

the salt concentration the ‘" * 1 * I | '7\\J 1~ 

value of C t decreases. Jz h' r ; * * * j- 1 \\J\k I ■ ~i— 1 

This study was later ex- ^^ 1 - —j—t } f 4 1 \l\Tw- —}— 

tended and now includes ,3oj- % ► j 1 --+ t 1 - 1 K \ pis ji^nir 

mixtures of sodium and —t—j_t , I j. \! *°j*l 

potassium sulfates and _j_*._*. ll.il t\J \J j 

chlorides, 1 sodium and I 1 I VNjum 

strontium chlorides,* and j 

potassium and strontium az as to zo \6 40 

chlorides . 4 It has seemed P*. 3 —Showing the value of C £ a* a function of 


r «■ - -r • 

, u 1 


i-WfetlKOj 


U T 


LU 


Normal C rat ion (* Aqvsovs Ph*sI 

^ - 1 -—‘- 1 L — l 1— 

az as j 0 zo 


potassium and strontium az os to zo \o 40 
chlorides. 4 It has P><- 3 — Showing the value of C £ as « function at 

A*. I-M» to further extend total »>* cooceDtration - fw VBnous 

™ N*X KX. Temperature, *j\ 

the investigation to in¬ 
clude equivalent aqueous mixtures of sodium and potassium chlorides; 
bromides and iodides. 

‘ G. Md? Smith Txa Jocxhal, 35,39 (1913). 

1 Smith and Ball, Lac. tit. 

* Smith sad Braky, Ibid. 
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The data for this study are given in Tables V, VI, VII, VIII, IX and 
X. The total concentration of the equivalent mixtures was increased 
from 0.1 N to 4.0 N for each salt mixture, with the exception of the sodium 
bromide-potassium iodide and sodium iodide-potassium iodide mixtures, 
with which the concentration was increased from 0.2 N to 4.0 N, In 
all of the individual experiments of each run, the amalgams were diluted 
to the same approximate concentration (about 0.2 milli-equivalent of 
metal per f o g. of mercury). While the final concentration of the equil¬ 
ibrium amalgam was slightly less than this, the small individual differ¬ 
ences in concentration do not warrant a correction of the C\ values. In 
every equilibrium studied, the value of C, decreases with increasing concen- 


Taple V 

The Effect of Varying the Normal Concentration of the Aqueous Phase at a Fixed 
(Equivalent) Salt Concentration Ratio, 

Temperature 25° NaCl. KCl 


Mean 
values 
of Expts 
No 


1- 2 
5 


6 - 8 
9~u 


Amalgam 
it start 


Mill 1 equiva 

lents of metals 

per lO g Hg 


Mol fractions of 
imulfpuaateti metuU 

Na K ~ 


Mixed Aqueous Phase o i A' 
Sodium o 140 o 689 

Potassium o 151 o 688 

Mean, o 147 

Mixed Aqueous Phase o 3 A 
See Table I, ExpLs 13-18 
Mean, o 168 

Mixed Aqueous Phase n 5 ,V 
See Table II Expts 7 12 
Mean, o 171 

Mixed Aqueous Phase 1 o N 
See Table II. Expts 25-30 
Mean, o 164 

Mixed Aqueous Phase i 983 N.‘ 
0 0 710 


o 311 

o 312 


<> 431 

o 454 

o 453 


454 


° 439 


Sodium 

Potassium 


172 


o 709 


o 290 
o 291 


0.427 
(0 9*3 NaCLKCl) 
0,401 
0.403 


O.402 


o 402 


Mean, o 168 

Mixed Aqueous Phase 2.0 N 
S« Table II, Expts 43-47 
Mean, o 143 

Mixed Aqueous Phase 4 o IV 
See Table II, Expts. 54-59 
* Th* Mean, o 175 

instJrr ? rati0S iD EXPtS 6 ~'* “f th» table are 098, NaC1 Z** v,, 

011 o°o to 14 X 10 as vras intended m. 7 a r ' aC1 to ' «x> KC 1 , 

after the completion of the 1^“'" NaC1 ^ution was detected 

ZTnVrr CaJCuUtin * C - Ta^ir 0985 * N “ CI anJ «*» ft KCI 

KaChKO, at a total coneentraton of 43 ~* 7, g,w * "* repeated, with 
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(ration of the mixed salt solution. The results are best studied by means 
of the curves in Fig. 3, in which the C c values are plotted against the 
total normal salt concentrations. It will be observed that the C c values 
change the more rapidly, the higher the atomic weight of the halogen. 

Table VI 

The Effect of Varying the Normal Concentration of the Aqueous Phase at a Fixed 
(Equivalent) Salt-Concentration Ratio 
Temperature *5 *. NaCl:KBr 


Mol fractious <A 


Mean v-alue* 
of Eipta 

No. 

Millj-«quivs- amalgamated metals 

Amalgam lent# of metal* - - * -- 

at start per 10 g Hg Na K 

Cc 


Mixed Aqueous Phase o i N 



1- 3 

Sodium 0 131 

0 683 

0 318 

0 466 

4 “ 6 

Potassium 0.161 

0 686 

0 313 

0.435 


Mean, o 136 

Mixed Aqueous 

Phase 0.2 A' 


0.461 

7 - 9 

Sodium 0 177 

0 689 

0 311 

o- 45 t 

10-13 

Potassium 0 173 

0 686 

0 3'3 

0 456 


Mean. 0 176 

Mixed Aqueous 

Phase 0 5 N 


0-453 

IA-«S 

Sodium 0 180 

0 693 

0 308 

0 445 

16-18 

Potassium 0 179 

0 692 

0 308 

0 445 


Mean, 0 180 



0 445 


Mixed Aqueous Phase 1 0 N 



19-31 

Sodium 0 179 

0 699 

0 301 

0.430 

*3-34 

Potassium 0 178 

0 700 

0 300 

0 439 

33-37 

Sodium 0.177 

0 704 

0 396 

0-431 

38-30 

Potassium 0.179 

0 704 

0 396 

0 431 


Mean, 0.178 



O 435 


Mixed Aqueous Phase 1.0 N 



3 »~ 3 * 

Sodium 0 188 

0 715 

0 383 

O 397 

33-33 

Potassium 0 191 

0 717 

0 383 

0 394 


Mean, 0.190 



0-395 


Mixed Aqueous Pham 4.0 N 



36-38 

Sodium 0.193 

0.730 

0 250 

0.331 

3 V- 4 ' 

Potassium o.tSS 

0 - 75 * 

0 247 

0.339 


Mean. 0.190 



0.330 


5. The Ion-fraction Changes which Take Place upon Increasing the 
Concentration of’jEqtrivalent Aqueous Mixtures of Sodium and Potas¬ 
sium Chlorides, Bromides, and Iodides.— In the theoretical section, It 
has been shown that, given the value of k (Equation 5), the km fractions 
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- - -—sa&sr;~ “ * F “ 

Temperature 25 *■ Mol tne aom of 

, M1II1 eqm»» »m«l« a'nated mettto 

M ”lr“ sssr r-f.-ai" „ K 

Mixed Aqueous Phase 0.1 N. 

, sodto o .6: 0.685 o . 3 «5 ° * to 

I! Potassium 0.164 0.688 o. 3 «» 0.453 

* o Sodium o-«* 0686 

Potassium 0^56 0685 0.3M ^460 

Mean, o 159 0-4J7 

Mixed Aqueous Phase o 2 N. 

Sodium 0.171 068; o.3U 0.435 

;t,7 Potassium 0..77 0690 0309 °j448 

Mean, 0.174 °-45* 

Mixed Aqueous Phase o • N 

18-30 Sodium o 173 o -o. o 299 O-W 

2i-a 3 Potassium o 172 O 697 °-3° 3 0 433 

Mean, 0.173 0.430 

Mixed Aqueous Phase 1 o A' 

24-26 Sodium 0.177 0.710 0.290 0408 

37-39 Potassium 0.175 0 709 °-790 0 410 

Mean, 0.176 0.409 

Mixed Aqueous Phase ; o ,V 

30-32 Sodium 0.187 0.733 0.267 o-J 6 * 

33-35 Potassium 0.179 o 733 0.267 0.365 


Mean, 0.183 

Mixed Aqueous Phase 40 N. 
Sodium 0.187 0.773 

Potassium 0,186 0.770 


Mean, 0.187 0.295 

of the metals in the individual aqueous mixtures may be calculated by 
means of the expressions. 

(K+) = - 


(K-b/) + k.{Na,g t ) 


(Na 4 ) = 1 — (K ‘). 

But, since we do not know either the respective degrees of dissociation 
of the sodium and potassium hydrargyrides in the mercurial phase, or 
the simple (unhydrated) ion fractions of these metals in the aqueous 
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Table vni. 

The Effect of Varying the Normal Concentration of the Aqueous Phase aj a Fixed 
(Equivalent) Salt-Concentration Ratio 
Temperature as*. XaBr.KBr. 

Mol fractions ol 


Mean tbJim 

0 ! ExpO. 

No 

MUli-equiva- Amalgamated metals 

Amalgam lent# <A metals -- . * — -- 

at start per 10 g , Hg, Na K 

Cc 


Mixed Aqueous 

Phase 0.1 N. 



I- 3 

Sodium 0 153 

0.687 

0.313 

0.436 

4-6 

Potassium o 137 

0 687 

0 313 

0.456 


Mean, 0.15s 
Mixed Aqueous 

Phase 0.2 N. 


0.456 

7 ~ 9 

Sodium 0 172 

0 691 

0.309 

0 447 

to-ia 

Potassium 0 176 

0 689 

0 3 Jt 

0 451 


Mean, 0 174 
Mixed Aqueous 

Phase oj if. 


0 449 

« 3 -> 5 

Sodium 0.17J 

0 696 

0 304 

0-437 

16-18 

Potassium 0 176 

0 695 

0 3 « 

0 438 


Mean, 0 176 



0-437 


Mixed Aqueous Phase 1.0 N. 



19-21 

Sodium 0 175 

0.708 

0.292 

0.473 

21-34 

Potassium 0 179 

0 709 

0 291 

0.411 


Mean, 0 177 



0.412 


Mixed Aqueous Phase 1 0 N. 



15-27 

Sodium 0 173 

0 731 

0 269 

0.367 

28-29 

Potassium 0 176 

0 732 

0 268 

O 367 


Mean, 0.175 



O 367 


Mixed Aqueous Phase 4.0 N . 



30-31 

Sodium 0.190 

0 769 

o. 23 « 

0.301 

33-35 

Potassium 0.190 

0 770 

o.ajo 

0.398 


Mean, 0 190 



0.299 


phase, there does not seem to he any prospect for the determination of 
the value of k. We arc, therefore, compelled to start with some assump¬ 
tion concerning the value of k, in order, with that as a basis, to study the 
ion-fraction changes which accompany changes in salt-concentration in the 
aqueous phase. 

With the assumption as a starting point that in each of the equivalent 
sodium and potassium salt mixtures at a total concentration of 0.2 AT, 
the simple sodium-ion and potassium-ion fractions are 0.500 and 0.500, 
we can then at least determine, by means of Equation 8, the direction 
and relative degree of the ion-fraction changes which accompany salt- 
con centra tioc changes in the aqueous phase. On the basis of the assump- 
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Table IX. 

The of Varying the Normal Concentration of the Aqueous Phase as a Fixed 

Tb * (Equivalent) Salt-Concentration Ratio. 

NaBr.-Kl. 


Temperature 25 0 


Meafl values 
of E*pts 
No 


7 - 9 
10-12 


13-15 

l6-l8 


19-21 

22-24 


25-27 

28-30 


Amalgam 
at start 


MiUi-eqmva 
lents of metals 
per 10 K Hg. 


Moi fraction* Qi 
aroal^aiaated racial* 


Mixed Aqueous Phase 02 N 
Sodium o 170 0-691 

Potassium o 173 ° 690 

Mean, o 172 

Mixed Aqueous Phase 05 N 
Sodium 0.168 o 697 

Potassium 0.171 0 698 

Mean, 0.171 

Mixed Aqueous Phase 1 o N. 
Sodium o 172 0 7 U 

Potassium o 1 75 071' 

Mean, o 173 

Mixed Aqueous Phase a.o N. 
Sodium o 19X 0.736 

Potassium o 184 o 733 


Mean, o 188 

Mixed Aqueous Phase 40 N 
Sodium o 191 o 784 

Potassium o 219 o 783 


o 309 
0.310 


o 303 
0.30s 


o a 89 
o 189 


o *64 
0.26s 


o.a>6 

0.217 


Mean, o sot 


C t . 

0.447 

0.449 

0.448 

0.434 

o 43a 
0.433 

o 406 
o 406 

o 406 

0.359 

0.361 

o 360 


0.273 
o 276 

a.116 


tion just referred to, the value of k would be equal to that of C f at 0.2 N 
concentration. 1 If, instead of 0.2 N, we should select 0.1 N concentra¬ 
tion as the starting point, the results would not be essentially different. 
The former concentration was selected because (1) the individual values 
(Na H( ) and (K Ht ), calculated on the basis of the mol fractions of sodium 
1 It should be fully realized that k is a real equilibrium constant, and that its value 
remains the same for all ratios and concentrations of the different mi red nit aohxttena 
of sodium and potassium 

In assuming a value for It, as a stepping stone in the ion-fraction calculation*, we 
have preferred to assume that in each of the different salt mixtures, at as equivalent 
salt ratio and at o a N concentration, the ion fractions are equal; rather than to make 
this assumption in the case oi the chloride chloride mixture alone, and to base all the 
calculations on the k value so obtained While the former method may appear to 
involve a contradiction, in that several different fc value* are assumed, It Beverthefeai 
us better to compare the ion-fraction changes in the. different m ix t ures, since 
in every case the calculations are started upon the same basis at 0.3 AT concentration. 
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Tama X. 

The Effect of Varying the Normal Concentration of the Aqueous Phase at a Fixed 
(Equivalent) Salt-Concentration Ratio. 

Temperature 25* NaI:Kl 

Mot fraction! of 


Mean valuw 
of Biptf 

MtJli-equiva- 
Atnslgsto icets of ottftl] 

amalgamated mrtalu 


No 

at start per 10 g Hg 

N* 

K 

Cc 


Mixed Aqueous Phase o i N 



r- $ 

Sodium o 162 

0 690 

O 310 

O 449 

4- 6 

Potassium 0 160 

O 690 

O 310 

0.448 


Mean, 0 161 



O 448 


Mixed Aqueous Phase 0 5 A' 



7- 9 

Sodium 0 ijj 

O 699 

O 300 

O 430 

10-ii 

Potassium 0 174 

0 699 

O 301 

O 431 


Mean, 0 165 



0 430 


Mixed Aqueous Phase 1 0 N 



IJ-IJ 

Sodium 0 174 

O 715 

O 285 

0.398 

16-18 

Potassium 0.176 

0 7*5 

0 285 

0 399 


Mean, 0 173 



O 398 


Mixed Aqueous Phase 2 0 N 



19-ai 

Sodium 0 179 

0.741 

O 259 

O 35° 

13-34 

Potassium 0 181 

0 741 

O 259 

0 350 


Mean, o 180 o 350 



Mixed Aqueous Phase 4.0 N. 


25-27 

Sodium 0 182 

O 788 0.212 

0.270 

28-30 

Potassium 0.183 

O 797 0 203 

0 254 


Mean, 0 183 


0.26a 


and potassium in the mercurial phase, checked very closely in this case, 
and (a) runs for all of the salt mixtures were made at this concentration. 

The data obtained show clearly that the value of C c decreases with 
the increasing concentration of the amalgam, and upon plotting the 
values of C, against the values of the total salt concentration (See Fig. 
2) for each of 5 different specific amalgam concentrations, a series of 5 
parallel curves is obtained; therefore, the statement may be made that 
the change is value of C t which is due to the change in amalgam con¬ 
centration is independent of the change caused by increasing the total 
salt concentration at a fixed (equivalent) concentration ratio. If this is 
true, the ion-traction values found for mixed (equivalent) solutions of 
sodium and potassium chlorides at specific normal concentrations should 
tie the same regardless of the concentration of the equilibrium amalgam. 
This conclusion is borne out by the figures in Table XI, which contains 



202 


L. S. WELLS AND 0. McP. SMITH. 


Table XI. 

Tie Ion-Traction Changes which Accompany Salt-Concentration Changes m Bquivw. 
lent Aqueous Mixtures of Sodium and Potassium Chlorides at 35 . 

Potassium ion fraction calculated from th« Cg value ftt x milli* 

Normal con- equivalents of mO.I* per 10 £»«.«£» 


mixed aqueous 
salt solution 

*-0 1 

*-03 

0 — 0 3 

O 2 

0 500 

O.50O 

O 500 

0 5 

0 495 

0 49 J 

0 495 

I 0 

0 487 

0 486 

0 48? 

1 0 

0 470 

0 469 

0 466 

4 0 

0 436 

T-1-1-1- ! -T- 

0 433 

T-1- ) 

O 439 


A I 

t - 


A NoCI-KCI i- . 
B NaCI-KBr 

C NoSr KBr -i_ 

0 NoCl-KI T 1 

E No8r K1 _L I 

r Mil KI I j 


| 

1 4-4 


mjVl 

i %k 


l0 _ 6_L| 1 .j __j , * 

j - |- 4 - 4 .— 

2 ■ ~ Potassium Ion Fraction Cauaa.iit4 

- 1 -L- 1 -L J__l_I_j. , _i I 

38 40 44 4S 4g 'so 

Fig. 4 —Showing the ion fractions of sodium and 
potassium as a function of total salt concentration, for 
various mixtures 

NaX' KX. Temperature, 25“. 


calculated at different 
amalgam concentrations 
for various equivalent mix¬ 
tures of sodium and potas¬ 
sium chlorides. 

Table XII shows the 
ion-fraction changes which 
accompany salt-concentra¬ 
tion changes in equivalent 
aqueous mixtures of so¬ 
dium and potassium chlo¬ 
rides, bromides, and 
iodides, at 25°, and in Pig. 
4 these values are plotted 
against the total salt con¬ 
centration. From these 
curves it is evident that 
the potassium-ion fraction 
decreases, while the so¬ 
dium-ion fraction corre¬ 
spondingly increases, with 
increasing total salt concen¬ 
tration. These changes take 
place the more rapidly, the 
higher the atomic weight 
of the halogen. 


E. Discussion. 

This investigation has shown that, in equivalent, two-salt* aqueous 
mixtures of the halides of sodium and potassium, the simple potassiuin- 
ion fraction (K+) decreases, while the simple sodium-ion fraction (Na+) 
correspondingly increases, with the increasing total concentration of the 
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Table XII. 

The Ion-Fraction Changes which Accompany Salt-Concentration Changes in Equi¬ 
valent Aqueous Mixtures of Sodium and Potassium Chlorides, Bromides, 
and Iodides, at 25*. 

Total normal concentration at 
equivalent aqueous salt mixture. 

0.1000. 0 2000. 0 . 3000 . 1.000, 2,000. 4 . 000 . 

Potassium-ion fractions, cal- NaCl:KCl 0.499 0.500 0.493 0.4830.4700.430 

culated at 0.2 railli-equiv. NaCliKBr 0.504 o 500 0.495 0.4840.4660.421 

of metals per 10 g. of mcr- NaCl'KI 0.503 0.500 0.487 0.475 0.447 0.395 

eury. upon the assumption NaBr:KBr o 504 0.500 0.493 0.479 0.430 0.400 

that in the 0.2 A'equivalent NaBr;XI 0.500 0.491 0.4740.4450.381 

mixture a ■» 1 (Equation C). NaI:KI 0.500 0.490 0.4700.4390.370 

salts. In the case of the chloride-chloride mixtures, the only halide 
mixtures of these metals previously investigated, these results agree with 
and supplement those previously obtained.’ The results of the present 
investigation have brought forth the additional fact that, in the equi¬ 
valent halide mixtures, these same ion-fraction changes take place the 
more rapidly, the higher the average atomic weight of the halogens in 
the mixture. The following explanation is offered to account for these 
phenomena. 

z. The Decrease of the Potassium-ion Fraction with Increasing 
Total Salt Concentration in Equivalent Chloride-chloride Mixtures.— 
The ion-fraction changes above referred to may be due to either or both 
of the following causes: (a) the existence of hydrated ions, and (i>) the 
existence of complex ions. 

(0) It is well known, for example, that the ions of sodium and potassium 
arc more or less hydrated in solution, 1 and very likely the non-ionized 
molecules that furnish these ions also are hydrated, as 
MeX + wHjO ^ Me(HjO)«X. 

It has been pointed out in previous papers of this series* that such hy¬ 
drated compounds may also yield intermediate and complex ions, in vary¬ 
ing quantities or degrees of stability. There is good evidence that many 
complexes, not sufficiently stable or insoluble to be isolated, exist in 
solution. Kendall* has quite recently emphasized the ideas of Werner 
in regard to the mechanism of the ionization process: “Ionization is 
preceded by combination between solvent and solute, and is, indeed, a 
consequence of such combination, and the two phenomena proceed in 
parallel." Such ideas are in particular harmony with Werner's very 

1 G. McP. Smith, This Journal, 35, 39 (1913); Smith and Boll, lot. at. 

* E. W, Washburn, l'etk. Quart., 31, 360 <1908); G. McP. Smith. Tm» Journal, 
37,739 (<915); Arrhenius, "Theories of Satatloas," pp. 184-193. 

* Cl. Smith and Rees, Lot. cii. 

* Tan Journal, 39, 93*3 (1917)- 
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plausible theory of bases 1 and adds, and with his theory of the formation 
of higher-order compounds . 1 Hydration is evidently a case of complex- 
formation. 

(b) Complexes may be formed in other ways than through the agency 
of water. The alkali halides are capable of forming addition compounds 
with one another, as well as with other substances, and these may ionize 
to give comp’ex ions . 3 Furthermore, the alkali halides show a tendency 
to polymerize . 4 In recent years, evidence (based upon absorption-spectra 
data) has been adduced which tends to show that the alkali metals, 
through the agency of secondary valence unions, are capable of effecting 
closed-ring structures, with the formation of inner-complex salts . 3 Through 
conductance studies of the alkali salts of certain organic acids, Lifschitz* 
has arrived at a similar conclusion, 

Evidently, then, since we may have hydrated ions and molecules, addi¬ 
tion and polymerized compounds, and many complexes capable of fur¬ 
nishing ions of various species, speculation as to just what specific com¬ 
plexes do exist in these solutions is more or less futile. If, however, as 
we should expect, potassium has a greater tendency to form complex 
ions than sodium, then, upon increasing the total concentration of the 
equivalent aqueous chloride mixtures, the concentration of the simple 
potassium ion would naturally be decreased more rapidly by mass action 
than that of the simple sodium ion. 


2. The Further Decrease of the Potassium-ion Fraction with In¬ 
creasing Atomic Weight of the Halogen in the Mixed Salt Solutions.— 
In the case of chlorine, bromine and iodine, it is well known that the 
tendency towards complex formation increases with the atomic weight of 
the halogen. Thus we find iodine forming a great many compounds in 
which it functions as the central nucleus. 7 

In short, owing to the greater tendency of potassium than of sodium 
and of iodine and bromine than of chlorine to form complexes, we should 
expect the simple potassium-ion fraction to decrease with increasing 

* Bcr., 40, 4133 (1907). 

i 9 li. A ' Werne,> NeU ”' Anschauw ’*” a - * Grine* d. anortan, Chmk. Bmutuchweig. 

,7 ' riS *• 

; cLXVS H ““" “* Vo *' 

« am*, cu Mtiboa * 

Muyex mti mckmcntpm Jed, F. Bake Z f! 1, "t 11 ’™ 1 ** ?"■ 

( 1906 ); D. McIntosh, J Chm Soc 8 , ^ 4150 d**., 34 ®, t 

*S» »57 ( 1900 ). *’"• **' 877 784 and K. Hetlwig, Z. Chm., 
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total salt concentration; and, also, that this decrease should take place 
the more rapidly, the higher the average atomic weight of the halogens 
present. 

In conclusion, we may again point out that ionization is most often 
discussed as if it were a simple dissociation alone, e. g., of the type: 
KC 1 ^ K + + Cl", and great emphasis is laid upon the supposition that 
the mass-law (a law which applies even to the disintegration of radium) 
is non-applicable to the dissociation of strong electrolytes. Perhaps the 
mass-law is less at fault than we ourselves, in our inability to determine 
just what molecular species are present in such solutions, and their indi¬ 
vidual concentrations. 

F. Summary. 

1. At a fixed total salt concentration, the value of the equilibrium 
expression, C„ decreases with the increasing concentration of the amalgam. 

2. At fixed amalgam and total-salt concentrations, but with varying 
salt ratio, the value of the equilibrium expression, is constant. 

3. At a fixed amalgam concentration, the value of the equilibrium ex¬ 
pression, C t , decreases with the increasing concentration of the mixed 
(equivalent) salt solution. 

4. Ion-fraction calculations are offered for aqueous two-salt mixtures 
containing the salts in equivalent proportions. It is found that the 
simple potassium-ion fraction decreases, while the sodium-ion fraction 
correspondingly increases, with the increasing total salt concentration. 
These changes take place the more rapidly, the higher the average atomic 
weight of the halogens in the mixture. 

These results are not in harmony with the general conception which 
prevails in some quarters that, at equivalent concentrations, salts of the 
same type (e. g,, potassium chloride, bromide, iodide, sodium chloride, 
etc.) are ionized to the same degree. 

5. The results of the investigation, insofar as the aqueous salt mix¬ 
tures are concerned, are readily explainable in terms of A. Werner’s 
theories concerning the formation and dissociation of higher-order com¬ 
pounds. 

SHATTUH, WAN* 
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THE VAPOR PRESSURE OF AMMONIA. 1 

By C. S. Cracos, C. H. Mevbrs and C S. Taylor, 

Received November 15, 1919 

I. Introduction, 

The measurements presented in this paper form a portion of the work 
undertaken by the Bureau of Standards in the determination of the thermal 
properties of materials used as refrigerating media. The existing data 
on the vapor-pressure-temperature relation for ammonia are undoubtedly 
sufficiently accurate to meet the requirements of refrigeration engineer¬ 
ing- The Clapeyron equation, however, offers a means of correlating the 
measurements of the latent heat of vaporization 5 with the data on specific 
volumes of saturated liquid and vapot (to be published shortly), provided 
the slope of the saturation line can lie determined with sufficient accuracy. 
On account of the large errors which may be introduced into the calcu¬ 
lated values of the slope bv relatively small errors in the pressure or tem¬ 
perature, it appeared that existing data were deficient either in the range 
or the precision required. ' 

The accuracy of any vapor-pressure measurements is determined in 
general by 4 factors, namely, fu'> purity of the material; (b) certainty ol 
equilibrium conditions; (r) precision ol the pressure measuring instru¬ 
ment, and (d) temperature measurement and control. 

(a) The extent to which factors (a) and (/;> may affect the results of 
the vapor-pressure measurements will depend upon the methods used 
Non-volatile impurities present in solution would affect measurement 
y the static method and also by the dynamic method if measurement 
were made of the temperature of the boding liquid, while their effect 0, 
he temperature of the condensing vapor is relatively unimportant Non 
«>nd«rsmg gases have but little effect on measured b^dynaS 

mlyictJl^r a SmaI! am()unt of "on-condeni^ga 

may affect the measured pressure to an extent out of all pronortioL t 
gal dTnotlLffi P Tr , * * * ** the 

the attainment of equilibrium ^ * '^ “^dermble lag i 

encountered even with a liquid well freJd f *** “*! Ut}aid 1 
the liquid is not agitated, \n examo tf ^ 
presence of a small amount of permanLt v u furaishKl Uter ' ** 
the lag b combg to pressure eSbrbm Th ^ T ***** bcrea9 
'Published by pennon of * ^ fOUad to be the C* 

ton - D - c. Adrtcte of tbt Bureau of Standard*. W*ahir 
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at low temperatures as illustrated in an attempt to measure the boiling 
point of a commercial sample of ammonia by the static method. 

(c) The sensitivity of the pressure measuring instruments used in the 
present work was such as to permit readings of pressure to one part in 
5000 or better, except for pressures below one atmosphere. Pressures 
below 5 atmospheres were measured with mercury manometers, pressures 
between 5 and 15 atmospheres with a mercury manometer and with a 
piston gage; pressures above 15 atmospheres with the piston gage only. 

(d) Temperature control plays an important r 61 e in any vapor pressure 
measurement, particularly in the establishing of equilibrium. A change 
in the temperature of o 1° in the case of ammonia is equivalent to a 
change in the vapor pressure of about 2 mm , 12 mm , and 40 mm. of 
mercury at —50o”, and +50°, respectively, or a percentage change in 
pressure of about o 7, o 4, and o 25, respectively. The aim m the pres¬ 
ent experiments was to maintain temperatures constant to o 01 0 or bet¬ 
ter for very long time intervals. Platinum resistance thermometers 
were employed for the temperature measurements and temperatures 
were read to thousandths of a degree. 

II. Previous Measurements. 


The percentage deviations of the measurements of various observers 
from the results of the present work are shown in Fig 1, The 4 curves 
also shown in this figure represent the deviations of values computed by 



tot reference* 3, 4. s. 6. ■». 8.«. ** "**» —— 
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Renault Goodenough and Mosher, Holst, and Keyes and Brownlee A 
Sr^ewTthe previous measurements may be found m the complete 

XLus determinations of the normal boiling point of ammonia are 
■ T KU r Several of the earlier determinations were made by 

f^mg a Ihermometer mto hqu.d ammonia exposed to the air in an 
“vessel It is now well known that liquid ammonia nnder these condi¬ 
tions will cool readily to nearly - 40° 


Den malarious of the Normal Boiling Point of Ammonia 


Observer 

Bunsen (a) 

Loir & Drion^ 

Regnault 

Pate 

Degrees 

Remark* 

1839 

1800 

1862 

—33 4 

—31 7 

37 9 

Observed —33 7 ° at 749 3 mm 

In an open vessel 

Observed - 38 1° at 752 mm in 
in open vessel 

Regnault 

Joannis(c) 

1862 

-32 6 

Cali ulated from equation 

1S95 

-3b 3 

Probat>l> in an open vessel 

Ladenburg(tf) 


— IS O 


Lange(d) 


-31 7 


Dickerson(e) 


— 11 0 

Vigorous boiling in an ope 

De Forcrand(/) 

1901 

—32 5 



vessel 

Gtbbs(g) 

1905 

-11 4f> 


Brill 

1906 

33 0 

Interpolated graphically fro 

Davies 

190(1 

-13 S 



measurements bv static mctlir 

Burrell & Robertson 

1915 

-14 6 


Keyes & Brownlee 

1916 

-33 27 


Bureau ol Standards 

1919 

-11 35 



'(») Pogg Ann , 46, 102 (1839/ 

(6) Bull soc (him 2, iHs (1860) 

(c) Compt rend 115,822(1892, 

(d) Quoted in Verflussigtes Animomak ils Lr-ungsmitteV' by J Broun, Beil 


1905 

(e) Quoted m "Liquid Air and Liquefaction of Gases,” by T O'Connor Sloo. 
London,1900 

(J) Arm chtm phys , [7I 28, 537 (1903) 

( I ) This JorntNAi, 27, 858 (1905) 


Keys and Brownlee 2 have recently published the results of their tneasu 
ments with an absolute piston gage between o° and the critical tempe 
1 Bur Standards, Bull 16 (to be published shortly) 

1 Lot ctl 

’ Mem Inst France, 26, 396 (1862) 

4 Wied Ann 34, 18 (1888) 

'Ann. Physik, I4I 21, 170 (1906) 

*Froc Roy Soc (London), 78A,4i (1906-7) 

’Bull Assoc Intern Fund, 6, No 51 (1913). 

‘ Tats Joornax,, 37, 34S2 (1913), 

* Ibid., 40, 25 (1918). 
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tore of ammonia. A special electrical contact method was employed to 
increase the sensitivity of the piston gage and to decrease the time neces¬ 
sary in malting observations. The constant of the piston gage was de¬ 
termined by direct comparison with a mercury column. A 25-ohm plat¬ 
inum resistance thermometer was used in the temperature measurements. 
Considerable care was taken in the purification of the ammonia used 
and the difficulty of removing dissolved gases was particularly emphasized. 
The ammonia vapor was passed into dry ammonium nitrate which made it 
possible to keep the ammonia at ordinary temperatures at a moderate 
pressure. It is stated that dissolved gases could be very completely re¬ 
moved from this ammonium nitrate-ammonia solution. Rather sensi¬ 
tive preliminary tests made at this Bureau indicate that the dissolved 
gases cannot lie removed with sufficient completeness by this method 
alone. The test used by Keyes and Brownlee for the absence of permanent 
gases was the complete collapsing of the vapor phase without rise in pres¬ 
sure. This may not be a very sensitive test due to the comparatively 
large solubility of gases in liquid ammonia. The attainment of equi¬ 
librium l>et\veen the liquid and vapor required considerable time accord¬ 
ing to their experience. The lag appeared to be increased, it is stated, 
os the liquid was freed more perfectly from dissolved gases and was more 
pronounced at low temperatures. In our experience dissolved gases were 
found to increase greatly the lag in coming to equilibrium as illustrated 
later in the measurements near the boiling point of a commercial sample 
which was known to contain air. In the absence of dissolved gases 
the lags were not excessive in our experiments, except in the measure¬ 
ments at temperatures above about +25°, which were due to thermal 
lags in the glass apparatus used. 

The normal twiling point of ammonia was measured by Keyes and 
Brownlee by the static and also the dynamic method. The measure¬ 
ments by the static method were very discordant due to the admitted 
difficulty in maintaining a constant bath temperature. The results ob¬ 
tained arc given in a table reduced to the temperature —33 which shows 
variations over a range of 40 mm. A direct determination was then 
made by the dynamic method, using a Beckman thermometer immersed 
in the liquid and a small heating coil to produce ebullition. The boiling 
poixK was observed to be a function of the heating current, varying from 
—33 13 0 with no current to —33 70° with 4 amperes The most proba¬ 
ble value of the normal boiling point by this method was chosen as 
— 33 . 2 >°. 

The table containing all their experimental data reduced to integral 
degrees of temperature shows variations in the temperature interval 
o° to 30 0 of about 0.5% in the individual measurements, made at a given 
temperature. At the higher pressures, the agreement is much better. 
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which indicates the unsuitability of their piston gage for measurements 
Of low pressures. The deviations of the mean of the observations 
tedueed to integral degrees of temperature are shown in Fig. i. The 
curves marked Keyes and Brownlee represent the deviations of values 
computed by their empirical equation from the present author’s equa¬ 
tions. 

IK. General Description of Apparatus an 5 Method. 

Manometers. —The manometers used in making the present measure¬ 
ments were of 3 types as shown in Fig. 2. The glass tubes used in each 
type were of 7 mm. i. d. and 1.5 mm. wall thickness. A calibrated metric 

scale etched on a strip of sil- 
I n vered plate glass was at- 

a= 1 tached directly behind each 

tj manometer. 

: I I Type A consists of a glass 

I U-tube containing mercury 

i with one arm evacuated and 

5 sealed and the other arm 

conne'fed to u bulb contain¬ 
ing the liquid ammonia The 
2 pressure in this ivpc and 
also in Type B is transmitted 
7 from the liquid ammonia, con¬ 
tained in the small bulb and 
_____ maintained at constant tem- 

j perature, to the mercury 

manometer by means of sup- 

(suknew) ^ ^ *-• er ^ le ‘* le d ammonia vapor 

' Type A was used in tlie mea- 

(1 surermats from —78° to the 
normal boiling point 

f , ; Two manometers of the 
Type B were used in measur- 
jj mg pressures from slightly be- 
\\ (I low the normal boiling point 
p- „ ^ 0=9 to that corresponding to 

Pig. a. Hermetically sealed ammonia containers +25° This type is similar 

arm is here attached, through a el ls ■ l ° ^ '’° rmer exce P l that one 
flexible copper tubing, to a brass needle vJ -,7 3 Sp ’ ral w,iI oi 
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were made by opening the brass valve to atmospheric pressure. Manom¬ 
eter and barometer readings were then taken simultaneously. At the 
higher pressures a balance was obtained by admitting pressure from a 
cylinder of compressed air, connected by copper tubing to the brass valve. 
A steel bomb of about 3 liters capacity was inserted in the connecting 
line and immersed in a large insulated bath of liquid at room temperature 
to damp out, during any series of measurements, the effect of small change 
in room temperature on the pressure of this constant volume of air. 

Two manometers of Type C were used to measure the higher pressures 
corresponding to temperatures alx>ve room temperature. In this case 
the liquid ammonia was enclosed in one arm of the manometer and the 
whole manometer immersed in a thermoregulatcd bath. Air pressure 
was used here, as before, to obtain a balance in pressure within a few 
cm. and manometer readings were taken through a window in the bath. 

Pressure Gages. —An open mercury manometer was used to measure 
balancing pressures from one to fifteen atmospheres This manometer 
will be descrilml in detail elsewhere* and only a brief description will 
be given here. It consists of 5 glass U-tubes, each having a length equiva¬ 
lent to 3 AtwwplwTts pressure. By a proper manipulation of valves 
the U-tubes may lie connected in series or by pressed to measure any 
pressure from one to sixteen atmospheres. The pressure is transmitted 
between tubes by a liquid of known density, alcohol in the present case. 
Readings of the mercury levels in the various arms are made upon ac¬ 
curately calibrated metric scales of steel A specially constructed and 
calibrated mercury thermometer with a bulb 2.4 meters in length is used 
to measure the average temperature of the mercury columns. 

The piston gage used to measure the higher balancing pressures 
will also be described in detail elsewhere. 5 It was designed and con¬ 
structed to measure pressures up to nx» atmospheres. The pressure 
measurements were made by weighing the force exerted against a rotat¬ 
ing steel piston floating in oil. Tire piston has an area of about one sq. an. 
A small mercury manometer, from which the prestmre is transmitted 
to the piston by means of oil, serves to indicate when the piston is in 
equilibrium. 

Constant Temperature Baths. --The thcrmoregulated t>atb used in the 
measurements below room temperature with manometers of Types 
A and B has been previously employed in the determination of specific 
and latent beats of ammonia and described in detail elsewhere.’ It 
consists of a brass vessel, with two cylindrical vertietd tubes connected 
at the bottom and near the top, filled with gasoline. Tbe smaller tube 

* Dlckiusou and Meyers, Bur. Standards, Bull, (to be published shortly). 

' tjBt- (U. 

•Oabortse, Bur. Standard* n*n .. -- ' - *■ ■ - 
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contains a screw propeller, electric heating coil, carbon dioxide cooling 
coil, and a thermostat coil filled with toluene. An oscillating contact 
in the thermostat head, previously described, 1 served to maintain the 
temperature constant to about one thousandth of a degree. 

In the measurements above room temperature a large thennorcgulated 
bath of about 100 liters capacity was used. This bath consists of half a 
wooden barrel filled with water and provided with a stirrer, heating coil, 
and thermostat. Evaporation to the room provided the necessary cool¬ 
ing and by the use of the oscillating contact in the thermostat head 
the temperature ol the bath could be maintained remarkably constant for 
long periods of time. 

Thermometers.—Platinum resistance thermometers of the 4-lead 
potential terminal type with strain-free winding previously descrilied 
by Waidner and Burgess 2 were used in all the temperature measurements. 
The wheatstone bridge used in the observations of the platinum ther¬ 
mometer resistances has been previously described. 1 


IV. Purification of Samples and Description of Manometer Fillings. 

The ammonia used in these measurvmeats vis prepared by methods 
to be described in detail in an lndependuH paper. (>nie a brief descrip¬ 
tion of the process of purification will, thuciore. U "i\en here. 

A sample of synthetic ammonia (de-ignated .Simple K in a previous 
analysis), 1 which proved to be extremclv pure except for .1 small amount 
of water and non-condensing gases wa- tnuidcirid by distillation into 
a special small steel container width would hold about .1 kilogram. The 
first portion was distilled off and the middle portion dt .tilled into a similar 
vessel containing a large quantity of met.due .odium, i„ the form of a fine 
wme, to remove any remaining traces of water The ammonia remained 
in contact with the metallic .sodium for about a week. During this in- 
erval the liquid was freqmmlv ri.aken and me hvdrogcn blown ofif. 
The liquid was distilled into a high-procure delation apparatus and 

/i0 the total volume of hqmd) in each distillation. The rejected first 

- -S 

was all of a preliminary-' J ur , t ,,e fid , ^ U(:atln « nt - which 
vacuum fractional distillation am 1*7^ WaS dustilled ,nt0 » 

tilled at least zo times under w-xlIlvVfr. K ^ ^ fractionall y d »- 
and pressure, the first and last r f r ' mnt < of temperature 

JaS <JOtt ‘'" ls ! *«"8 rejected in each case, 


Since the accuracy of the phrrica! 


measurements depends largely upon 


^Sligh T HIS Journo, 4:, < U)u] 

Bur. Standards, Bull 6 in/ , ( 

• ***r m Taylor, /•'"/*'* Hu 
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the purity of the ammonia used and especially upon having the amount 
of non-condensing gases reduced to a minimum, particular care was 
taken in the removal of these gases. The ammonia was, therefore, frozen 
with liquid air and the vapor then pumped off by means of a high vacuum 
pump. The ammonia was then allowed to warn up until it was entirely 
liquid and some of the vapor all< >wed to escape through the mercury seal. 
It was again frozen with liquid air and the vapor pumj>ed off as before. 
This process was repeated several times. Finally the ammonia was 
frozen into small, flocculent crystals by its own evaporation, the resulting 
vapor being pumped off and discarded During this series of operations 
samples were taken continuously and the amount of non-condensing 
gas determined by a method previously outlined, 1 to be described more 
in detail in a later paper. 

'Die tests on the final samples of ammonia, tint'd in tilling the vapor 
pressure manometers, gave the following icMilts non condensing gases 
in the vapor at 4--5 ° and 760 mm pressure, less than one part in 100,000 
by volume, water, less than o 003' , by weight, which was practically 
the limit of sensitivity of the chemical lest applied. 

The vujior pressure manometers were thoroughly cleaned with cone, 
nitric and sulfuric acids, and aqueous potassium hydroxide solution, and 
washed with distilled water They were then sealed, one at a time, 
into the glass line of the vacuum distillation apparatus A flask contain¬ 
ing about 50 cc of mercury, purified by the anode process and by dis¬ 
tillation, was sealed into the connecting luie in such a manner as to per¬ 
mit the mercury to be distilled into the manometers under a high vacuum. 
In one cases a manometer of Tjjw 8 was heated to 300 0 iu a specially 
constructed electric furnace, Itefore filling with mercury, to drive off 
more completely any occluded gases (The vapor-pressure measurements 
made with this manometer, designated fl, iti Table II, show no systematic 
difference, however, from those made with other manometers which were 
not given this treatment.) A portion of the puntied ammonia was then 
dtsttiled into each manometer, being frozen tn finely divided crystals by 
means of liquid air. After a sufficient quantity had been distilled into 
the apparatus, the supply reservoir was cut off by closing an intervening 
stopcock and the vapor phase pumped off with the aid of a high vacuum 
pump. The manometers were finally sealed, with tl»e vacuum pump 
•till in operation. 

V. Description of Preliminary Experiment*. 

In the preliminary nqicrintents two phenomena were observed which 
determined to a large extent the procedure adopted in the final measure¬ 
ments. A brief discussion of them is, therefore, given here. 

1. Hysteresis in an Impure Sample. 
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vestigation an attempt was made to determine the boiling point of a com* 
mercial sample of ammonia bv measurements of the vapor pressure near 
the normal boiling point, using tlie static method The apparatus used 
m these measurements was similar to Type B (Fig 2) except that the 
open end of the manometer tube was drawn down to a small capillary 
and sealed When the liquid ammonia in the bulb had been cooled to 
within a few degrees of the normal boiling point, the glass tip of the capil¬ 
lary was broken off to admit atmospheric pressuie The pressure was 
then determined from readings of the manometer and the barometer 



8 3 ~^ ra J^°n of measure,.ant , purr u j 

Wll!l J ^ninureml sample known 
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tions taken with the command , , 1 ' Ra5rs ^ o^serv*- 

wluch they were made \„ ,fc ^ S ' m * atd ,n *•* *» 

measurements to msure upiiiibnun. n"'^' 

5 or 10 minutes after the rLl.tmn , f „ T I!’ 01 * madt aboi3t 
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which show so evidence of hysteresis but lie consistently on a smooth 
carve. The occurrence of hysteresis, at least, with the type of apparatus 
here used, furnishes an excellent test of the presence of non-condensing 
gases even in very small quantities. 

The phenomenon of hysteresis is undoubtedly associated with the pres¬ 
ence of non-condertsing gases in the ammonia, but whether the phenome¬ 
non observed is due primarily to changes in the amount of gas in solution 
in the liquid or to changes in the distribution of the gas between the satu¬ 
rated and superheated vapor has not been determined. While the observed 
pressures were always above those for pure ammonia, the phenomenon 
produced by the presence of non-condensing gas is evidently much more 
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complex than the mere increase of pressure by an approximately con¬ 
stant amount. 

2. Lag in Coming to Equilibrium.—With a purified sample of ammonia 
well freed from dissolved gases no very great difficulty was encountered 
at temperatures below o° in establishing equilibrium conditions, *. e., 
constant pressure at a constant bath temperature. Non condensing 
gases present, however, greatly increased the lag in coming to equilibrium 
as shown in the previous section. Equilibrium could be obtained at 
higher temperatures within a comparatively short time only when a cer¬ 
tain procedure was followed. 

Fig. 4 shows that only a few minutes were required to establish equi¬ 
librium when a slightly excessive balancing pressure was used which pro¬ 
duced a decrease m the vapor volume and condensation ol the \.q>or. 
This procedure was finally adopted m all the vapor-pressine measurements. 
Much greater lags were observed when too small a balancing pressure 
was used so that the vapor volume was increasing which necessitated 
evaporation of the liquid. The tower curve shown in ibis figuie was de¬ 
termined by first obtaining equilibrium condition, and then decreasing 
the balancing pressure a small amount with the bath maintained at a 
constant temperature. This curie md.calts tbit equilibrium would 
have been reached only after some hours. A - uniL.tr phenomenon was 
observed when the bath temperature was raised mul the balam mg pressure 
maintained constant 

5 shows qualitatively the variation at different temperatures of 
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the observed vapor pressure with the rate of change of vapor volume 
which corresponds in this case with the rate of change of observed total 
pressure. The lag is evidently much greater with increasing vapor 
volume or positive rate of change of observed pressure and apparently 
increases with temperature and vapor density. 

A simple calculation of the time required to transmit, through the glass 
walls, sufficient heat to the surface of the liquid ammonia in order to 
vaporate the requisite amount of liquid to saturate the increased vapor 
space indicates that lags of this magnitude are to t>e expected This 
time is obviously greater at the higher temperatures here employed since 
the vapor density increases very rapidly (for example, it is 5 times as 
great at +50° as at o') thus necessitating the cva[x>ration of a greater 
quantity of liquid and, therefore, a greater amount of heat transfer. The 
correct order of magnitude of the time required to reach equilibrium upon 
decreasing the vapor volume may l*e obtained by a similar calculation. 
The comparatively large surface available for condensation with this 
procedure decreases to a great extent the lags in coming to pressure or 
thermal equilibrium. Doubtless agitation or stirring of the liquid would 
tend to reduce very materially these lags. With a metal container they 
would also be reduced due to the larger thermal conductivity of metal 
as compared with glass. 

All of the preliminary measurements, most of which are shown in Fig. 
5, have liven discarded and no weight given to them in the final result. 
They were purposely made under very j>oor conditions to determine the 
most advantageous procedure to secure equilibrium and also to study 
the magnitude of the error produced in the pressure measurement. 

VI. Measurements by the Static Method. 

Measurements below —55°. —Measurements of the vapor pressure 
were made at 3 temperatures la-low — 55 °. the lower limit of the thermo- 
regulated gasoline bath with carbon dioxide refrigeration. The constant 
temperatures employed in these measurements were obtained at the 
freezing jioint of commercial chloroform, the triple point of ammonia and 
the temperature of a mixture of solid carbon dioxide and gasoline at 
atmospheric pressure. 

Th? bulb containing the liquid ammonia of the manometer (Type A) 
and a platinum resistance thermometer were immersed in a double walled 
glass tube, partially filled with commercial chloroform. The glass tube 
and contents were placed in a bath of gasoline which was cooled by adding 
solid carbon dioxide. No provision was made to prevent the condensa¬ 
tion in the tube of moisture from the atmosphere since only a constant 
temperature was desired. Stirring of the chloroform was produced 
mechanically and reading 
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Several determinations, which will be published later, of the freezing 
point of pure ammonia under its own vapor pressure {the triple point) 
have been made in a special apparatus provided noth a resistance ther¬ 
mometer and a stirrer operated from the outside by a magnet, Measure¬ 
ments of - - apor pressure at this point were made with a small mercury 
manometer attached to this apparatus and readings taken with a cathetom- 
eter. Meniscus corrections were applied to the manometer readings. 

The manometer of Type A was used in the vapor-pressure measure¬ 
ments with a carbou dioxide-gasoline slush bath. The temperature of 
the slush bath was measured in the first experiment with a platinum re 
sistance thermometer and in another experiment with a carbon dioxide 
vapor-pressure thermometer. 

Measurements above -55° Munom* te:s of Types A and B were 
used in the measuiements fruii - 55 c to tin- normal boiling point of am¬ 
monia. Two manometers 01 Ti pc B acre used in Hit- majority of the meas¬ 
urements between the normal '•■■Him: p>jni and nioni tenifxrature. The 
measurements made with the fir.-,t filling of these manometers arc desig¬ 
nated Hi and Bj, while those made with the second filling arc designated 
Bj and B, [11 each experiment approximate pressure equilibrium was 
obtained by producing condensation of the vapor and a series of 4 or 5 
readings, which served as a test of the equilibrium prevailing during the 
experiment, was taken to constitute one measurement of the vapor pressure. 

In a few experiments 2 manometer-, : deputed B, B,) were used at 
the same time, that is, with the same bath and 1 he same balancing pressure. 

The pressures measured on these ntannmu, r- were identical under these 
conditions. 

Meniscus Depression,-^, c height, of the menisci in the manometer 

StSCtheT"^- T’ U,1 " y ^ expend" 

evl tfk T ;i Mdc " {tiu ' manometers were oirserved, how- 

amswere^hat n LX. !al pM-,mn- Ttl ."''f ® ** ° PPC “ il * 

the data of Mendelejeff and fubes U5cd * ««**ding to 

of the manometers were ob-aJ /’’"V'' . ^' K<: tiur lights in one am 
uniform correction of - y , „ ° * s!l « htl >' loiter than the Other, a 

pressures. ' m * llas «« allied to all the observed 

Unit of Pressure.—All of t j, 

nun. of mercury at o° and sum/IT*** ““f*"* 0 ** 1 ^ were reduced to 
1 5 f" dolt BAmattu,. T aMUr ‘ * " 9>ft W Th« value 

" ”” Ir ~ * «*•*» *. & "rsi-•» - »*»—■»<<—» 

a federal «oafe*ae». if 
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of | in this laboratory is 980.091 based on a direct determination made 
by the Coast and Geodetic Survey in 1910. 1 


Temperature Scale. —The platinum resistance thermometers used in 
all the temperature measurements were calibrated in ice, steam and sulfur 
vapor {444.6“ taken as the normal boiling point of sulfur). The con¬ 
stants determined by this calibration are- 


Ttormomctef 

Cn ....... 

c.. 

c*. 


R,. I 

35 S44<> 9 99}8 1 491 

35 54*4 9 9»?6 1 495 

35 5545 9 9865 J 48 * 


Using the Callendar equation t 


R, — Ht 


- too + 


if-L-Ai. 

\ioo /too 


as an 


Rtoi — \ too 

intcrjKtlation equation, the teiiqjeraturc scale so defined represents the 
centigrade thermodynamic scale in the interval —40° to +450“ to the 
accuracy with which that scale is at present known. 'Hie scale defined 
by the resistance thermometer of pure platinum has been adopted as 
the standard working scale of the Bureau of Standards for use in the in¬ 
terval —40* to +450°. Tcmjx-ratures between 0“ and 4 -100“ may be 
measured on this scale with a precision of a few thousandths of a degree. 
Below -—40” temperatures determined by the atiove equation are con¬ 
sistently lower than those determined with a gas thermometer. By 
direct comparison of several resistance thermometers of very pure plati¬ 
num with a constant volume hydrogen thermometer, Henning* found 
that the following corrections were necessary to reduce to the gas scale 
the temperatures determined with these thermometers by means of the 
Collaidar equation +0 ot“, 4 -o.o 6 “, and +0 it>° at 220°, aoo° and 
i8o° A., respectively. The temperature measurements below —40° C. 
in this work have accordingly been corrected by interpolation between 
these corrections. 

Results. —The results of all the measurements by the static method, 
except the preliminary measurements previously referred to m having; 
been rejected, are given in Table II. which gives the date of the experi¬ 
ment, the sample used, the observed temperatures and pressures, and 
the f deviations at mm. of mercury of tlte observed values from the em¬ 
pirical equations, given in Section IX. 

It may be noted from the following table of results that 4 values of the 
vapor pressure of ammonia may be obtained which are independent of 
the temperature sale employed. These ate at the temperature of (1) the 
melting point of tee; (2) the freezing point of pure mercury; (3) the triple 
point of ammonia; and (4) the normal sublimation point of carbon di¬ 
oxide. The corresponding vapor pressures of am monk observed at these 
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temperatures are (i) 3220.8 mm., the mean of 7 experiments; (2) 571.8 
mm., the mean of 14 experiments in which the bulb containing ammonia 
was immersed in freezing mercury; (3) 44.9 mm., the mean of 2 experi¬ 
ments with the 3 phases solid, liquid, and vapor present; and (4) 42.2 
mm., the mean of 2 experiments with sub-cooled liquid ammonia. 

The mean of the seventeen observations taken within o. t 0 of the normal 
boiling point of ammonia with 6. different samples and corrected to 760 
mm. pressure gives the value —33.354 

VH. Determination of the Normal Boiling Point by the Dynamic 

Method. 

In order to check the measurements of the normal boiling point of am¬ 
monia by the static method, a direct determination was undertaken by 
the dynamic method, analogous to the ordinary method of measuring 
steam points 


VAUIM'-LCU 


1 ne apparatus used 
cemented together to form a double wiled vessc 



- • 

- — flit' nemeti. 


It’aa, 


as shown in Fig. 6. 
About 20 ec of pure mercury 
and ,1 large number of small 
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to promote uniform boiling. 
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*did impurities (residue on 
evaporation) 0,01% volatile 
earlxm compound* mid 0.03% 
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TABUS III, 

Delcnninatiou of the Normal Boiling Point by tfcc Dynamic Method. 

Hnjhl 


Date. 

Hotb 

(emp 

degrees 

Heating 

current 

Amp 

therm 
above 
liquid 
in cm 

Depth 

of 

liquid 
in cm 

Bar Rdg 
reduced 

to 0“ * 

»P «r 

Temps 

oh* 

Norm*! 

boiling 

point 

Aug ij, ‘19. . 

-48 

I 

O 

IO 

5 

749 «7 

—33 589 

—33 337(0) 


— +E 

1 

O 

10 

5 

749 87 

—33 O02 

—33 331M 


--48 
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IO 

5 

749 87 

~J3 61 1 

—33 343(o) 


-48 
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O 
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5 
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—33 346(0) 

Aug. 19. '19 

,. —40 
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— 33 593 

—33 346 


—40 
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750 to 

—33 594 

—33 345 


— 40 
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750 55 

—33 594 

—33 344 


—40 
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750 50 

- 33 594 

—33 343 
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r> 
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75° 27 

—33 583 

—33 337 


— 40 
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to 
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— 33 583 

—33 337 


—40 
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therm 
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nun ‘rf’U 1 

750 JO 

—33 541 

-33 383(4) 


— 40 
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0 
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750 14 

—33 595 

~33 335 


-38 
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3 
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7JO oi* 

—33 614 

—33 353 


~J8 

0 

9 

10 

9 

730 u8 

—33 617 

—33 350 


—41 

1 

i 

»o 

9 

730 08 

— 33 <*‘0 

—33 348 


~4* 

1 

l 

10 

9 

730 08 

-33 611 

—33 349 


—49 

I 

1 

10 

9 

710 19 

—33 597 

—33 339 


-49 

1 

t 

S 

9 

750 19 

—33 594 

—33 34 > 


Mean » —33 341 

fa) Very irregular lK»liug—observation* taken without the addition of mercury. 

(A) Not included in mean. 

The results of observations which were taken under various experi¬ 
mental conditions, are shown in Table III. The thermometer was placed 
at different heights above the boiling liquid as the test of a sufficiently 
high condensation line to product uniform temjierature. In one instance 
the bulb of the resistance thermometer was completely immersed in the 
boiling liquid and a rise in temperature of about o oj° was observed. 
The mean of ty observations corrected to temperatures corresponding to 
“60 mm. pressure gives the value - 33.341 0 for tlie norma! burling point 

* VII!. Fora of Empirical Equations. 

Numerous empirical equations of widely different forms have been pro¬ 
posed in the past century to represent vapor pressures as a function of 
temperature Attempts have been made to establish this functional 
relationship upon a semi rational basis by introducing approximations 
into the C&peyron equation and then integrating- The Rankme-Duprf 
formula 


log p <* A ■+■ B/9 4- C W 0 
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. . cuKetances with a fair degree of appronma- 

recently BroneW has gone one step farther and prop™ 

“C- * + */• + cv*. + d. + e* W 

h. h» <* — ta 

- - 

IOm „ t . , ,,U«.( O, + «' + »’ . 

te B„ u*d by Keyes »„d «, rep,™. •>- "—»> 

results on ammonia. . rlrwelv 

Equations of the form (,) and O' were '''?£** ™ 

the results of the present experimental work and also Um . • 

determination of the critical data. An equation of the form 

log? = A + PJ + C/ 6 ' + W 

was tried but did not represent the data satisfactorily. 

IX. Discussion ol Results. 

The results of the measurements may be expressed equally well by 
means of either of the following empirical equations 


logic p = 30.256818 — — 8 459 * 3*4 >"» 8 r 

* 39309 X 10-* <? + 2 955214 X io'*® 1 

and 

logic p = 12.465400-r— — 0.01638646 8 t , 

V 

2 403276 X io"‘ 0 * — 1 • 168708 X io~* #* 
which were made to agree with Cardoso and Giltay’s critical data, p, m 
85348 mm. and 9 t = 132.9°. In these equations p and 9 are expressed 
in mm, of mercury and degrees absolute, respectively (® abs. *» 0 C. + 
273 .i). 

The deviations of the individual measurements in m of mercury 
from values computed by these equations are shown ia Table II. In 
the 122 measurements made with the single manometers and the ope# 
1 Nuovo Cimttito, 14,57 ( 1917 ). 

'Arch. Hi. phys. not, Gcniet, 54 , 20 ( 1912 ). 
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mercury manometer in the interval from —7& 0 to +25°, inclusive, the 
maximum deviation is i. 1 mm. and the average deviation is 0.3 mm., 
which is within the limit of error of actual pressure observation. In the 
28measurements made in the interval -f-15 0 to +70°, inclusive, with the 
piston gage, the maximum deviation is 5.5 mm., at the highest 
temperature, and the average deviation is 2 1 mm. or on the 
average al>out 2 parts in 10,000 in the pressure. This agreement 
is very satisfactory when consideration is given to the precision of 
the piston gage and also to the effect of temperature on the pressure, for 
example, an error of o ot° in the temperature is equivalent in this range 
to from 2 to 6 mm in the pressure. 

The majority of the measurements except those below the normal 
boiling point were purposely taken at approximately 5° intervals, within 
r> 1 °. The rate of change of vapor pressure with temperatures com¬ 
puted from the above equations was used to correct the individual meas¬ 
urements to the integral degrees. The means of these corrected measure¬ 
ments are given in Table IV and compared with the calculated values. 
The deviations, expressed in degrees C. indicate the good agreement be¬ 
tween observed and calculated values 

Tabus IV. 


I*■ nation., of Mean Observed Pressure*, from Author* Equations in Degrees. 
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The remarkable reproducibility of the observed pressures at the 
normal boiling point and at the ice point (o’) on different days and with 
various samples seems to preclude the possibility of any systematic error 
due to the sample, which was not obscured by errors of measurement or, 
in other words, that the material was of a high degree of purity. The 
agreement between H» «»»■"“ — ‘ * 
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indicates that no appreciable systematic error resulted from the use of 
the latter. Additional confirmation of this is furnished in the careful 
calibration of the piston gage against the open mercury manometer. 

The slope of the vapor-pressure temperature curve for ammonia is 
expressed equally well by the differentiation of either of the above equa¬ 
tions as follows: 

d l = 2 30258 t (_ 8 4598324 K>« I “ 3 ■ 39309 X 

de 0\ 0 

10 *0 f 5.9104.28 X io~* 0 M 

and 

^ = 2.30258^ ( l648 fl 6 ° - 8 - o.01638646 e + 

4.806552 x io- 6 e i — 3 506121 x to - $ e*J 

where dp ! d 9 and p are ui mm. of mercury and 0 in degree- absolute, (°abs. 
= °C. + 273.1). 

The estimated errors in the values of dp dff thus obtained are, frotucon- 
sideration of Table IV, about one pan 111 2'x> in the range ~8o° to ---so 0 , 
one part in 500 in the range — 50' to —30' and one part in locw in the 
range —30 0 to +70°. 

The results of the measumneuts of the normal boiling point by the 
static method, which give a mean value of -33 35?°, are in fair agree¬ 
ment with the measurements bv the dynamic method whose mean is 
—33.34!°. The norma! boiling point of ammonia is, therefore, taken as 
— 33-35 °- 

The present work has been earned out ’.-. 311 / very pure samples of am¬ 
monia. The question immediately arises :n the practical application of 
the results as to how much the r< Mills would be affected by the impuri¬ 
ties commonly found m common ml samples The normal boiling point 
found by the dynamic method m whi'h the temperature of the condensing 
vapor is measured, would be un little afP-ctcd by these impurities while 
a satisfactory determination by the s1ati< method with commercial sam¬ 
ples is practically impossible, This illustrates the fact that the results 
obtained in measurements with impure materials may depend more upon 
the method chosen than upon the purity and that refined physical measure¬ 
ments should lie attempted onlv with the purest materials. The im¬ 
purities present in commercial materials may jirevcnt the engineers being 
a le to utilize fully tiie accuracy of the physical data, yet the data Im¬ 
pure material are at least as likely to be representative erf a given com¬ 
mercial sample as data on impure material. As shown in the normal 
oung point determinations, the properties of commercial samples un- 
^proper conditions may differ very slightly from those of a jmt* ma- 
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In conclusion, the authors wish to acknowledge their indebtedness 
to Dr, C. W, Waidner, E. F- Mueller and E- C. McKelvy, of this 
Bureau, for many valuable suggestions during the progress of this 
investigation. 

X. Summary. 

A detailed description is given of the apparatus and method employed 
in the present measurements throughout the temperature interval —78° 
to 4'7 o 0 . 

Seven samples of thoroughly purified ammonia were used. Special 
tests showed less than one part in 100,000 by volume of non-condensing 
gases present, and less than o 01 1 by weight of other impurites. The 
methods of purification and filling of manometers are briefly described. 

The phenomenon of hysteresis was observed near the normal boiling 
point of ammonia with a commercial sample containing a small amount 
of air, which indicated the necessity of very complete removal of dissolved 
gases for any accurate measurements of vapor pressure by the static 
method. Lags in coming to equilibrium were encountered and studied 
in order to determine the most advantageous procedure in establishing 
equilibrium. 

'Hie normal boiling point of ammonia was determined by the static 
and also the dynamic method, the mean of the results by the two methods 
being — 33-35 

Two empirical equations were found to represent closely the results 
in the temperature range covered experimentally and also the latest 
determination of the critical data for ammonia. The results of 123 meas¬ 
urements in the interval —-78’ to 4-15° made with direct observations 
of mercury columns agree with the empirical equations within one mm. 
of mercury. The results of 28 measurements in the interval +15* to 
4 -70® made with an accurately calibrated piston gage agree with the 
empirical equations within about 3 mm. of mercury. 

As a final result the vapor pressure of ammonia is expressed in the 
range —80* to +70° by either of the following equations: 

log,l f « 30.256818 — — 8.4598334 log,® 8 4 

3 393°9 X 4 2.955214 X 

log,# p ® 12 465400 — — o 01638646 0 4 

2,403376 X io~*#* — 1.168708 X to ~*P, 

where p is expressed in mm. of mercury and 8 m degrees absolute, (° abs. ■» 
* C, 4 273.1). The slooe of the - 



c. S. CRAGOS, c. H. MBYBRS AND C. S. TAYLOR. 


Appendix I. 
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30 II.512 11.858 12.212 12574 12 943 13321 1471*8 14103 14507 14.919 
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Appendix 11. 

RMe of Change of Vapor Pressure with Temperature {dp/df,) mm Mercury per Degree. 

” ° 3 - 3 * 5 * , 

—80 3.08 7 » ». 


—70 6 02 5.66 5 31 

—60 10.81 10 23 9 67 

—SO 18.15 17 28 1644 
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AmtMDix II (continued). 

D**rtt* 

C. 0 . I 2 . 3 . 4 . i . 6. 7 S. 9 

+ O 120 3J 123 90 127.55 131 23 133 OO 138 80 1*2.70 14* 70 liO 75 154.90 
10 159 10 163 40 167 75 172 to 176 70 181 30 186 00 190 75 193 45 290.50 

20 205 50 210 55 215 70 220 95 226 30 231 70 237 20 242 80 248.50 254.25 

30 260 1 266 o 272 o 278 1 284 3 290 6 297 o 303 5 310.0 316.6 

40 3*3 3 3VJ » 337 o 344 ° 35* « 35* 3 3&5 6 373 o 380 5 388.1 

30 395 8 403.6 411 4 419 4 417 5 435 7 444 o 452 3 460.8 469 4 

604781 4869 4958 5048 5139 523* 5324 5418 5$t.3 5610 
70 570 8 

W4MIIJI9TOV, D C. 

(Contribution mo m tub Chemical Laboratory of Harvard Uniybrstty.I 

REPRODUCIBLE LIQUID JUNCTION POTENTIALS: THE FLOW¬ 
ING JUNCTION. 1 

Bv Arthu* B Law* AMD Kt.rt.zv T. Larson. 

Recri^wl Novruiber 20, 1919 

'flie potentials of liquid junctions in voltaic cells are sources of per¬ 
plexity in measurements of the electromotive force of cells and of the single 
potentials of electrodes, not only because they evade direct observation, 
complete elimination, or a rigorous calculation, but because they are also 
a frequent source of considerable experimental uncertainty. It has been 
particularly difficult to secure reproducible liquid junction potentials when 
the ions on the two sides of the junction have marked differences in 
mobility. Uncertainties in such junctions frequently amount to several 
millivolts.* 

Wc have recently been engaged upon a study of the Thomson effect in 
electrolytes, which involved the precise measurement of the electromotive 
force of cells containing 2 or more liquid junctions. This has led us to a 
study of tlie reproducibility of such junction potentials and ultimately to the 
development of a type of junction, which, even under unfavorable condi¬ 
tions. that is, with ions of marked differences in mobility, gives electro¬ 
motive forces reproducible to o 01 of a millivolt. 

In this study we followed 2 procedures: first, we constructed cells 
similar to those of Chanox* containing 2 identical but oppositely directed 
liquid junctions, and 2 identical electrodes, for example: 

Ag AgCI.0.1 N HC 1 | 0.1 A' KC 1 1 0.1 A? HCl.AgC! Ag (1) 

(«) (j> 

Such a cell should give a constant zero potential. If it does not, and the 

* This investigation m completed in December, 1915; on account of it was pre¬ 
sented before the Harvard-Technology Physical-Chemical Club in February, 191& 

* Cfcanoz, Amt. Unit, Lyot, Now. Scr., t, 1906,18; Curetting, Ttmt, Faraday 
Stc., 9, 174 (1915); Lewis. Briahum «wt <S - J —“— *"— * 
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electrodes are known to be identical and constant, the observed effect 
must be due to differences and inconstancies in the liquid junctions. 

Second, we constructed cells containing constant and reproducible 
electrodes of the second type, connected by a single liquid junction, as 
follows: 

Ag AgCl.Af KC 11 N HC 1 AgCI Ag (a) 

Such a cell should have a definite and constant electromotive force, whose 
magnitude will depend, first, on differences in the single potentials of 
the electrodes in the different solutions, and, secondly, on the potential 
of the liquid junction itself 

The first method is, perhaps, moTe convenient than the second, in that 
identical electrodes are used which can be readily checked against each 
other; on the other hand, it is inferior to the second in the important re¬ 
spect that with two junctions the possibility still remains that each 
junction may be changing at the same Tate but m opposite directions, and 
thus give an apparent but not a real constancy at each function h'or that 
reason our final experiments have all been carried out by the second 
method. 


The electromotive force measurements were made with a potentiom¬ 
eter reading to one or two millionths of a volt Elaborate precautions 
were taken in the matter of screening, and the cells were kept in an oil 
thermostat at 25 0 =t 0.01 °. 

Since the reproducibility of the electrodes was a matter of primary 
importance in this investigation, electrodes of several different kinds were 
prepared and studied The hydrogen electnxlc was found to lie almost 
ideally reproducible and very convenient, but the slight fluctuations of 
e electrolyte, caused by the bubbling of the hydrogen gas, produced 
serious disturbing effects on the liquid junctions P 

electrodt: was studied, but after related trials was dis¬ 
carded as less permanently reliable than a silver chloride electrode pre¬ 
pared essentially according to the method described bv Uwis> juu/bv 

and potassium chloride '^ ^ ° f 3l >drr>chloric add 

the sunlight. This exposure of zUth ^i eUonde . m also in 

to bring it into a final condition r f J cW °f ide U> sunJi S bt *«n«J 
pared were found to adjust them^i • , ! III ' nUTn * tor electrodes thus pre- 
to their definitive potentials anti ,mi,lediateI y 

were found to be constant and idenural\r ^ f JTUnICvila} '>v«ni|fht 
Juactions between Ground gZ ZJZ" f a 
' This Journal, 28, l66 (lgo6) Io vrcw o{ favorable 

‘Jones and Hartman, /bid., 37, 3SM1913), 
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results obtained by Jones and Hartman 1 we first studied the behavior of 
liquid junctions formed between the bearing surfaces of ground glass 
stoppers. For this purpose the alxne-mentirmed cell (No. 1) was as¬ 
sembled as in Fig. 1. Each end of the siphon tube containing the potassium 
chloride solution was provided with a coarsely ground glass stopper, 'the 
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solution was poured in and allowed to creep well along the bearing sur¬ 
faces before the siphon was closed at D and placed in position connecting 
the 2 beakers. The following arc typical readings obtained for the poten¬ 
tial of the cell which, since the electrodes have been shown to be iden¬ 
tical, should be zero- 

Tavus I 

Junctions between Ground Claw Surfaces. 

Time MiBi-roJt 

tt SO KM. +0 091 

ta. 1 j r u —o *8 

f.ior.tt. —© ar 

Iu general, the t. m. f. varied *0.15 millivolt. While such a junc¬ 
tion might be suitable iu cases where the abutting ions differ but slightly 
in mobility, it was by no means satisfactory for our purposes, 
Diaphragm Junctions.—The glass stoppers were removed from the 
above siphon and pieces of cotton gauze were stretched tightly over 
each open end. These ends were then dipped in hot gelatin, which m 
cooling gave a thin but mechanically strong diaphragm. Using the 
same potassium chloride solution in the siphon, the following typical 
results were obtained; they were even less satisfactory than the preceding 
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Tablb II- 


Matin Diaphragm Junctions. 

MiUmtSl. 

Tunc. 

4- 

1 :oo P.M 

0.12 

3.00 P.M. 

O.I4 

6:00 P.M. 

0 22 

10'00 A.M. 

0 39 

12.00 

0 34 

1:30 P.M, 

0.43 


Inasmuch as slight differences and irregularities in the permeability 
of the gelatin might be responsible for the variable e. m. 1., the gelatin- 
cotton diaphragms were replaced by more permeable ones of parchment 
paper. Provision for a steady flow of electrolyte was also made by at¬ 
taching a small separatory funnel containing potassium chloride solution 
to the upper opening of the siphon D and arranging a small propeller- 
stirrer to operate just underneath each diaphragm. VVc hoped by this 
dynamic method to secure constant conditions at the lower surface of 
the parchment diaphragm. The typical results obtained are given in 
Table III. 

Tabib IIF 

Dynamic P.irrbmcnt I)ia|>hr,i K m Junctions 


Time. 

Millivolt 

4 20 P.M. 

-fo 08 

4:25 P.M. 

—0 25 

4‘ 50 P.M. 

—O U 

5:15 P M. 

+0 14 


The variations here, although somewhat less in extent than before 
were very sudden and erratic. It developed that they were largely due 
toirregularities in stirring. Thus, by stopping one stirrer the potential 
became 0.08 millivolt more positive, stopping the other propeller v>n> 

pr^trSitoltr? “ thC ° Piy>Slte d ‘ rCCli ' m This indlcattd « 

properly confrolled dynamic junction offered decided possibilities It 
Fresh Junctions.—Influenced by the favorable results obtained bv 

- c-js, r«'t' *■, — 

tn tubes of at least 4 mm bore 11 , l C UJf, ‘ d m ***» w “y only 
the median stopcock) was constiumd C ^ndl^ 1* ^ With0 " t 
uniform bore of 5 mm. A fresh “ wert « kss tubes of a 

out about one cc. of solution from Jch’fu JT b >' •**#«*»« 

reading was made as rapidly as T ’ potentiai 

way are given in Table IV. 1 ypIcal r< *«Hs secured in this 
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Fresh Junctions. 


TtOK 


MtttlYOlt. 

9"4S 

Fresh junction. 

. — 0.01 

10.00 


— 0 . 3 * 

10*05 

Fresh junction... 

. — O 03 

11 00 


— 0.40 

11 05 

Fresh junction . 


11 IS 


+0 04 

*1 *5 


—O.4I 

11 27 

Fresh junction... 

..0.02 

11*48 


—0 35 

u 49 

Fresh junction 

+0 01 


In each ease the establishment of a fresh junction brought the liquid 
junction potential down substantially to zero. 

It seemed possible that the wide 
divergence in potential which these 
junctions developed on standing, 
that is. the pronounced "ageing'' 
effect, might lie caused by the dis 
turbing oscillations of the liquid in 
the siphon tube. To eliminate this 
a glass stujvcwk was inserted in 
the median connecting arm. This 
was kept always closed, but as it 
was not lubricated, the film of elec¬ 
trolyte la-tween the ground glass 
surfaces furnished sufficient con 
ductanec for our measurements. 

This arrangement gave very satis¬ 
factory results, as shown in Table 
V. In these experiments even in 
the absence of liquid junctions, the 
e. m. f. would not be zero, as one 
electric was, for reasons, con¬ 
nected with our study of Thomson 
effects, maintained at stem instead 
of as®. The extra middle beaker shown in Fig. t was necessary under 
these conditions. The hydrochloric acid solution was 0.09 N, the potas¬ 
sium chloride o. 1 N. 

These results confirm the great reproducibility of fresh junctions, 
and also show that where oscillations are prevented verv «!»«*>* 
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Table V. 


Fresh Junctions. Closed Tube o i A Solutions, 




Millivolt* 

Time. 


■f 

a:i8 

Fresh junction 

8 31 

2.49 


8 36 

2:90 

Fresh junction 

* 32 

3'45 


8.30 

6 30 

Fresh ]iinctiou 

. 8 33 


This reproducihihn. Vm'M'ur, quite vanishes when instead of o.t N, 
normal solutions are entplotwl Thus, with all the other arrangements 
as before, but using A instead of o 1 -V solutions, the fallowing typical 
results were obtained 

Taw r VI 

Fresh Junction* Closed Tulie, -V Solutions 

MiMwoUfe 


i ji -t 4 

3; 37 Fresh junction , 7 yj 

? 39 Fresh urncticm . ^ 

3 40 Fresh junction , 74^ 


Hete rapid variations of *o 3 millivolt were constantly occurring. 
Flowing Junctions.—We notv tried feeding the electrolyte slowly 
but continuously from the separatory funnels into the two anus of the 
siphon, the stopcock, as before, remaining closed. The results, using 
N solutions, were as follows 


Time 

4 °5 Flowing 
4 20 Flowing 
4 4 ° Flowing 
7 13 Flowing 


Tabi.k VII. 

Mowing Junctions 


Mill! soil 

4 

7 

7 8} 

7 *.» 

7 81 


ent if Trf SU<1V ; l,ut l ' tn With * v containing ions as differ- 

ent in mobility as those of piia^um and hydrogen, very closely renro- 
ducrble potentials can 1, scared by the simp! 


we now applied the same te< h ’ ( ’ *° Hnd ® rstal,d thc P ,!t 'nomc»cm better, 
above ( 3 ). This was accoim.r^'?“! V'. thc . scctmd typ * (,t 0,111 described 
trades of thc form shown in Fit? T Tn * P ^" fi ,* !> * lver ° Wciri <k *kc- 
other in N potassium chloride m ’ j ‘ miTIorsod ln A ' hydrochloric arid, the 
chloride. The electrode vessel com V* C ^ lUunin K N potasritaa 
vided with a separatory funnel to ’1 M«*Moric add was pro* 

the electrode vessel into the beaker Wkh^u^ f e5ectro, >' te ^ 
!‘ n / ,e “quid junction, any change which nright h" »** » 

sy """ n “ l „ the t ^fy^ nym 
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closed. Typical results obtained with this arrangement are given 
Table Vlll. 


Table VIII. 
Flowing Single Junctions. 


Tltsr 


MitttvoiU 

4 

1:25 

Flowing,. 

33 75 

JOO 


J4 37 

3 oj 

Flowing 

33 77 

3 4U 


34 13 

3 J3 

Continuouslv flowing 

33 7* 

3 57 

33 75 

4 00 


33 '3 

4 n 


U (•! 


in 


4 3J 

4 37 

4 39 Flowing 


73 77 
it K<> 
73 75 


Tliesc results cot!firm Uu* constancy ami reproducibility of the flowing 
junction. They also disclose the marked ageing effect which occurs 
with these solutions. 

Effect of Stirring.—Camming' states that he was able to secure 
reproducible results by establishing a fresh boundary and then stirring 
it. We attempted to test this point, and to compare the potential thus 
secured with that given by a flowing junction, bv alternately establishing 
a flowing junction, then interrupting the flow and stirring the electrolyte 
in the tnouth of the exit tula* with a small glass rod The following re¬ 
sults were obtained 1 Table IX): 

Table IX 

Comparison of Stum’ ami Flowing Junction'-. 


MiiiiooiU 

Imirlbn 4- 

Flowing . . jo 29 

Stirmi .. 30 54 

Flowing jr> 30 

Stirred . , jo 56 

Wowing.... jo 30 

Stirred- y> s» 

Flowing... , JO JO 


The' potential of the stirred junctions was fairly constant but quite 
different from the very constant value for the flowing junction. 

Again, the effects of stirring and of forming the flowing junction is 
quite a different way were studied with the same electrode surf solution 
as used above, but so arranged that the liquid junction was formed at 
the meeting point of tw streams, one of hydrochloric add and the other of 
potassium chloride solution in a glow tube. The arrangement of tubes and 
funnels for this purpose is shown ik- - ^ ■ 
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—»- •*?■?£: a ;““ str=f 

A. whm the » m—i «■*• ™. •» teiwrf 
to eliminate any dead space and to produce a rapid flow at thu point- 
level attachment at B was found to be quite essential, if 



Fig. 3 


it were omitted, and the mixed liquid siphoned off, the slight pumping 
action which resulted was sufficient to disturb the boundary. A long glass 
rod was also fitted into the tube E by means of rublier tubing, so that 
by pushing it down and up the junction of A could tie stirred. Some 
typical results obtained with this arrangement are given in Table X. 


Table X. 

Comparison of Stirred and Two-way Flowing Junction*. 


Date. 

Junction. 

MIHivatt* 

+ 

Mar. 3,. 

. Flowing 

30.30 

Mar. 4. 


30. J8 

Mar. 4. 

. Stirred 

30 04 

Mar. 4. 


SO 30 

Mar, 6. 


JO 39 

Mar. 6. 

. Stirred 

JO.*8 

Mar. 6. 

. Flowing 

30.30 















BVbRdCHtOElC ACID AND POTASStUM PBRMANOANAfB. ijff 

These results show that the liquid junction formed by the confluence 
of the 2 streams gives exactly the same and just as constant a potential 
as does the one-way flow of a single electrolyte. However, the stirred 
junctions formed here were not constant and in general gave lower poten¬ 
tials than the flowing junctions, whereas in the previous arrangement 
higher results were obtained. 

Summary. 

The above experiments have shown: 

1. That liquid junctions formed between the bearing surfaces of 
ground glass stoppers, in gelatin diaphragms and in parchment paper 
diaphragms, with o 1 hydrogen chloride and potassium cliloride solu¬ 
tions arc not constant and reprixlucible to closer than o 2 or 0.4 of a 
millivolt. 

2. That parchment diaphragms with stirring give somewhat more 
constant results. 

3. That fresh junctions in tulx-s of 5 nun. bore give potentials reproduci¬ 
ble in o 1 A T solutions to about ±0.03-0.06 millivolt when oscillations 
of the electrolyte arc prevented, but that with N solutions variations of 
*■0.3 millivolt occur. 

4. That stirred junctions sometimes give very constant potentials, 
but these are quite different from that produced by a ‘flowing" junction 
and, moreover, they differ, depending on the mode of stirring, etc- 

5. That a "flowing" junction, obtained simply by having an upward 
current of the heavier electrolyte meet a downward current of the lighter 
electrolyte in a vertical tube at its point of union with a horizontal outflow 
tube, or by allowing the lighter electrolyte to flow constantly into a large 
volume of the heavier electrolyte, even with .V solutions, gives potentials 
constant and reproducible to *0.01 of a millivolt. 

Wamomtcmk. n. c 


(CowramuTioK man nut Chemical La»oxatc*t. UKtvnumr or Noam 
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THE REACTION BETWEEN HYDROCHLORIC ACID AND 
POTASSIUM PERMANGANATE. 

' By F. P. Vsnabui and 0. H, Jackson. 

Rm-lvrd Nerttt.liw 24, 1919 

On account of its convenience and case of regulation, the reaction be¬ 
tween hydrochloric acid and potassium permanganate has become the 
usual one for the preparation of chlorine for laboratory purposes. On 
looking over the text-books one finds some confusion of thought, some 
misstatements, and a certain amount of evasion of the facts involved 
The equation given for this reaction In mmi tu *—-*'— 
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I» Others it is represented as an oxidation of the hydrochloric add 
4HCI + 0 3 = 211,0 + 2Clj. 

By some the only statement made is that the reactions are quite compli¬ 
cated, and it is also stated that, whether the reaction is between hydro¬ 
chloric add and permanganate or manganese dioxide, enough molecules 
of the acid must lie used to lumish hydrogen to combine with all of the 
oxygen of the oxide/mg agent 

The following investigation was undertaken to explain certain observa¬ 
tions made during the use of this method for class and laboratory' pur¬ 
poses, and, if possible, to clear up the confusion in which the matter 
stands. 

When cone, hydrochloric acid is allowed to drop uj*on solid jx-rman- 
ganate chlorine is evolved and a brown b! 10k mass is formed (hi further 
careful addition a point is reached where tins brown bl.nl. mass settles 
out from a colorless liquid and no permanganate is hit This takes place 
when half the amount of hydrochloric acid called for in the above equa¬ 
tion has been added The brown substance, dried and weighed, is con¬ 
verted quantitatively into MnU, ty ignition and is, therefore, man¬ 
ganese dioxide. 

Following these observations quantitative evjierunents were earned 
out in which the amounts 01 pumanganate and and used were those 
called for in the equation 

2KMnO, + 8 HC 1 —-’KL 1 -r aMuO, h 4»jO + 6 C 1 , 
and the manganese dioxide and chlorine wert dett named 


Theoretical, % 


^ •- MnO, 1 10 2^2 W, v.i . jv 3 53 3 I* 

Found, /„ Mn0 , , lol 3*5336, Cl 1 m 3 47 3 18 

When the permanganate is used in excess, U H over the theoretical 
amount is left unchanged When an excess of acid is used the brown- 

15 5 s " f0mied ’ tile " d '^ Uwi - - much of the acid 
ters into the reaction as is indicated in the equation 

2KM11O4 + 16HCI —> 2KCI + iMnClj + BH/) -f 5Cl*. 

“ohf W ?° W ^ thert «*«"«**»* reactions. A green 
solution is obtained under certain conditions indicating the preset**©! 
manganese tetraohlnnrfA r: *l , 

tion of heat is necessary ^ ^ the TC&eXim fl PP tk »- 

gbdng the following result/ * W U * Ud 

Theoretical, % Hf . \ 11 IH * M til 

passed at room tk ** hydr0gCn chlori<k *** 

urc over the permanganate placed in & boat hi & 


CI l AS 3 S3 3 
Cl 1 M 3 47 3 18 


Theoretical, % 
Found, % . 
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glass tube. So long as the permanganate was in excess only the dioxide 
was formed. The reaction is exothermic and the water f(armed was 
vaporized and condensed on the sides of the glass tube. On continuing 
the passage of the hydrogen chloride after all the permanganate had been 
acted upon a white crust of manganese chloride and potassium chloride 
appeared on the dioxide. The presence of the potassium chloride formed 
before this was doubtless obscured by the dioxide 

It W evident then that there are two reactions taking place in sequence, 
first, that represented by the equation 

iKMnO* + SHC 1 —* aKCt + aMnO* + 4***0 + 3CI,. 
and following that, in case excess of and is used, the reaction 
MnOt + 4HCI —*• MnClj + zHjO + Cl*. 

Similar experiments were carried out with potassium permanganate and 
hydrogen bromide and analogous results obtained It was noted that 
hydrobromic acid reacted at a dilution of o 00*54 JV, whereas no reac¬ 
tion with hydrochloric acid at a dilution beyond o 002 A' took place, 
50 cc. of the acid being used in each case 

CvAntt, IOll X C 

ICoMTumunoN non im R«s*a*cm I.abokatoay o» Phymcac Chbmibtwt am mi 
Massa cBt'SEVrs Institcte or Tbchnocooy. No nS.J 

THE IONIZATION AND ACTIVITY OF LARGELY IONIZED 
SUBSTANCES . 1 

By A* ran A Novas and Dvkcan A MacIkmss. 

Revived NtfVettbct 2S>, 1919 

In applications of the ionic theory of solutions it is customary to em¬ 
ploy , in accordance with the original hypothesis of Arrhenius, as a measure 
of the degree of ionization of salts, acids, and lxises, the ratio of the equiva¬ 
lent conductance of the substance at any given concentration to the limit¬ 
ing value of the equivalent conductance as the concentration approaches 
zero, where the ionization may be assumed to be complete 
This assumption, however, is not a necessary conclusion from the funda¬ 
mental theory of kmk conduction. According to this theory, the equiva¬ 
lent conductance A (which is by definition the quantity of electricity 
which under a potential difference of one volt passe*, per second between 
electrodes of indefinite extent one centimeter apart, between which is 
placed that quantity of solution which contains one equivalent weight 
of the ionizing substance} is for a uni-univalent substance given by the ex- 
pceanou, A «• yiKtr* + v~), in which y is the fraction of the substance 

» * a,*.- __ „ _ 5 a.., .^4. r _ 
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with each equivalent of ion, and tu* and u- the mobilities of the positive 
*nd tt^ative ions (that is, their velocities through the solution under a 
potential-gradient of one volt per cm.) For the equivalent conductance, 
Ae, at zero concentration, where the ionization becomes complete, we 
have the corresponding expression A, --- fii , ' + t’ 0 ). Combining 
-these two equations we get 


*- 1 


-v _< 

4 - r 0 


From this equation it is e\ idem that A A 0 is equal to the ionization only 
when the mobilities of the ions calf la* assumed constant up to the con¬ 
centration under consideration That they should remain constant so 
long as the solution does not differ appreciably from water as a viscous 
medium may seem reasonable, but, in view of possible electrical effects 
resulting from the large electric charges on the ions, it is by n o means 
certain. 

This simple assumption has been justified in the case of slightly ionized 
acids and bases, where the ion concentration in the solution is small, bv 
the fact that the so-determined ionization values change with the concen¬ 
tration just as the mass-action law requires This, however, is not true 
even approximately in the case of salts and of the largely ionized acids 
an<f bases (such as hydrochloric acid and sodium hydroxide), and we are 
forceu to conclude, either that owing to the change in the ion mobilities 
t e conductance ratio is not a correct measure of ionization, or that the 
chemical activity or mass-action effect of ions, and perhaps also of the un¬ 
ionized molecules present with them, is not proportional to their concern 
tration, as the ordinary mass-action law assumes 

to ^ the COnduCtance ratio affor ^ ™ reliable information as 
to the chemical activity of ions; and we must turn to other properti 

stss , L e rr to v hi ' ^ 

. 7^ ' ,r,um of a11 chemical reactions between salts acids and bases 

solution, and also the magnitude of many physical properties thermo 
dynamically related to the activities. ' ! pe ‘ eS U ‘ enm ’ 

and from a chemted rtMdj^inUhe^ ^ ^ * pfecis *‘ w *l'' 

as was proposed by G \ ^ ewjs i prarth ' al method is to define it, 

for the concentration of the sulwti, ^ . qUanllty wluch whetl subjrtitued 
express its effect in determining tJ"* *" actl,i0 expressions, will 

the substance is its “effective con<*ntr2^ m ' th * 8Ctivity <* 

point. n tration from this mass-action view- 

Cmmpondingly, the most obvious ^ , 

activities of a substance in solutes c 7d ^"mining tlic relative 

•lewis, Prac Am . Aead A went concentrations is to find 

>29-165 (1908). 4i > *W-*93 (190;); z. pkytik, Cbm,, <* t 
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its concentrations in a gaseous phase in equilibrium with the solutions; 
for in gases at low pressure the concentration and activity can ordinarily 
be assumed to be proportional. For example, we know that the ratio 
of the activities of un-ionized hydrochloric acid in its ti-molal and 8-molal 
aqueous solutions at 30 0 is 12 o, since the partial vapor pressures of the 
hydrochloric acid in those solutions have been found to be 11 3 and 0.94 
mm. of mercury. This quantity is also the ratio of the products of the 
activities of the hydrogen ion and chloride ion in the two solutions, since 
these products arc by definition the quantities that must be substituted 
in the mass-action expression for the equilibrium of the reaction HC 1 * 
H f -f Cl . Thus denoting the pressures in the two solutions by pi 
and pj. the activities of the un ionized molecules by ch and at, and those 
of the ions by a> f , a>', and <h*, <is‘, we get 

pi <ii _ Oi ‘ 01 

ps a t a^at' 

This direct method is, however, of very limited applicability in the 
case of largely ionized substances, since they seldom have appreciable 
vapor pressures We have recourse, therefore, to a simple thermodynamic 
relation between activity and electromotive force This relation may 
lie derived by considering the work or free-energy decrease attending the 
transfer of one mol. of the substance (fen example, of 1 HC 1 ) from the solu¬ 
tion in which its vapor pressure is p, to that in which it is pj. This free- 
energy decrease -A F is given by the familiar expression, '*• 

- A F => RT log (pi pjl 

In this expression, in view of live above considerations, we may substi¬ 
tute for the vapor-pressure ratio the ratio (u,*ar ) '(a s + a, } of the product 
of the activities of the ions, yielding the equation ■ 

- AF » RT lug ~~ . 

a,* uj 

We thus obtain what may be regarded as a secondary, but more general, 
definition or measure of activity. 

The simplest process from a theoretical standpoint (aside from that 
already described involving passage through the vapor phase) by which 
a substance can be transferred from one solution to another is one in which 
this transfer is brought about in a voltaic cell. Thus in the case of hydro 
chloric acid, we can cause a transfer of one mol- of the acid from concen 
tratiou Ci (activity a,) to concentration c t (activity o») by causing ate 
faraday (r coulombs) to pass through the cell. 

Hr (i atan.), HCt(c»), AgCl + Ag, HCUn). Hi (1 atm.). 

The electromotive force K of this cell tnultiolkd bv the mmitit. 




It will be noted that in the last of these expressions tlicre has been written, 
in place of the activities a of the ions, products col, in which the quantity 
a, called the acti\ity coefficient, is evidently the factor by which the total 
concentration c of the substance must be multiplied to give the activity 
of the ion 

By the use of this electromotive-force method the authors of this paper 
have, with the aid of their students, carried out a series of determination* 
of the activities of typical substances Two of these researches, those on 
potassium chloride 1 and on hydrochloric acid, 1 have already been pub 
lished; and two more, on lithium chloride and potassium hydroxide, 
will soon be described m detail in This Journal lliese last mvestiga 
tions were carried out with the aid of grants from the Carnegie Institu 
tion of Washington by Mr. J A Beattie and Mr Ming Chow, respec 
tively, using cells, with flowme amalgam electrodes of the following 
types 

Ag + AgCl, IaCluc, Li in Hg, IaCl(ci), AgCl + Ag 

Hg + HgO, KOH(ti), K in Hg, KOHfc,), HgO + Hg 
It is the purpose of this paper to summarize and compare the result* of 
these investigations and to state the general conclusions to which they 
lead 

From the observed values of the clectromotne lorces of these cell* 
there were calculated by the equation given above the product* of*a 
of the activity coefficients of the 2 ions at various concentration*, the 
value of the products at the lowest concentration (o <x>i to o 0035 tnohtl) 
at which accurate measurements could be made being assumed equal to 
the conductance ratio A/A 0 at that concentration These activity-coeffi¬ 
cient products were plotted against the logarithms of the concentrations, 
and those corresponding to round concentrations were read off. 

The following table contains the values of the square root of the so ob¬ 
tained products, that is, the values of the expression {<* + «~} 05 , which 
represent the geometrical mean of the activity coefficients of the positive 
and negative ions of the substance This table also contains the corre¬ 
sponding values of the conductance ratio A/A*, multiplied by the ratio, 
? /Va ' Of the Viscosity of the solution to tlial of pure water, this last sew- 
mg to correct approximately for the frictional resistance of the medium 
to the passage of the ions through it. 
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Table'I 

Activity Coefficients and Conduct once-Viscosity Ratios. 

Mala par IMG Activity CocffideoU CoaducUoM-Viacaaily Eat KM 


«OK 

KOI 

UC1 

Hi l 

KOH 

KC1 

uci 

HO 

ton 

0 

001 

O 

979 

0 

976 





O 

979 

0 

976 

O 

990 



O 

003 

O 

943 

0 

943 

0 

990 

O 

982 

O 

968 

0 

962 

O 

986 

O 

980 

O 

005 

O 

933 

0 

93C 

0 

96s 

O 

973 

O 

956 

0 

949 

O 

981 

O 

973 

0 

010 

O 

890 

0 

90 S 

0 

931 

O 

90 

0 

941 

0 

932 

O 

972 

O 

9*3 

0 

030 

O 

813 

0 

848 

0 

880 

O 

920 

O 

914 

0 

904 

0 

9S7 

O 

939 

0 

050 

O 

790 

0 

a«7 

0 

8jJ 

O 

891 

O 

889 

0 

878 

O 

944 

O 

923 

0 

too 

O 

743 

0 

779 

0 

8*3 

O 

846 

O 

860 

0 

846 

O 

925 

O 

910 

0 

100 

O 

700 

0 

730 

0 

796 

0 

793 

0 

827 

0 

812 

O 

909 

O 

891 

0 

300 

O 

673 

0 

738 

0 

783 

O 

769 

0 

807 

0 

792 

O 

9<>3 

O 

889 

0 

500 

0 

63S 

0 

73 * 

0 

773 

O 

765 

0 

779 

0 

766 

O 

890 

O 

884 

0 

TOO 

0 

618 

0 

734 

0 

789 

O 

772 

0 

761 

0 

751 

O 

874 

O 

*79 

1 

000 

0 

393 

0 

75* 

0 

829 

O 

786 

0 

742 

0 

737 

O 

845 

0 

877 


a OOO I 040 

3 000 1 164 I 402 

The table contains the results of only the above described researches 
carried out under our direction It should be mentioned, however, that 
exact electromotive-force measurements from which activities can be 
derived have also been made by J&hn 1 on potassium, sodium, and hydro¬ 
gen chlorides, by Wanted’ on potassium chloride; and by Linhart* on hydro¬ 
chloric acid. As tlte results of Horned supplement at higher concentra¬ 
tions those for potassium chloride here presented, it may be stated that, 
assuming a constant transference number of o 496 for the potassium km 
and an activity coefficient of o 754 at »> 1 molal as given in the table, 
his data lead to the following values 
Normal concentration. 02 0305 07 10 20 30 

Activity coefficient o 688 o 6j7 o 624 o 608 o J93 o 573 o J86 

The results presented in the table may be summarized as follows: 
t. In the case of all 4 substances the activity coefficient decreases with 
increasing concentration much more rapidly than does the conductance- 
viscosity ratio, the differences amounting to from 7 to 15^ at o 1 molal, 
and from 5 to 18% at 0 5 roolal. 

». In the case of all the substances except potassium chloride the ac¬ 
tivity coefficient, unlike the conductance - viscosity ratio, posses through a 
pronounced minimum in the neighborhood of o 5 molal, afterwards in¬ 
creasing rapidly at the higher concentrations. Even potassium chloride, 
according to Harned's data, has a minimum activity coefficient in the 
neighborhood of a N. 

3. The activity coefficient erven at moderate concentrations varies con¬ 
siderably with the nature of the substance; thus its value at 0.3 tnoial 
* Ms 2. aAwt* n u *» •„—* <-■» 
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& «s% for potassium chloride, 73% for lithium chloride, and 77% for 
hydrochloric acid and for potassium hydroxide, 

Prom these facts we may draw the general conclusions that the con¬ 
ductance ratio can no longer be regarded as even an approximate measure 
of the activity of the ions of largely ionized substances in their mass- 
action and thermodynamic relations, that tins activity varies with the 
concentration differently m the case of different substances, and that for 
the present it can only be determined empirically for each substance, 
with the aid of measurements of chemical cquililirium, electromotive 
force, or freezing point 1 

It is, moreover, evident that the activity coefficient of the ion constit 
uents cannot be proportional to and mainly determined bv the fraction 
of the substance ionized, for this fraction could not increase with in¬ 
creasing concentration unless the ionizing power of the medium becomes 
much greater at moderate concentrations, and even then it could not 
become greater than unity, as is actually the case with the aotn lty coef¬ 
ficient of hydrochloric acid above 2 niolal 


The results here presented do not show whether or not the conductance 
ratio is equal to the degree of ionization But these two quantities can 
hardly be equal in view of the fact that the conductances of the two ion 
constituents of most uni-univalent substances seem to vary bv different 
percentage amounts with increasing concentration, as may lie seen from 
Noyes and Falk’s 1 summary of the experimentally determined trans¬ 
ference numbers These numbers which are equal to the ratio u+/(tr* + 
u ) of the mobility of the cation constituent to the sum of the mobili 
ties of the two ion-constituents, show 1 ariations that correspond to changes 
m the ratio u+ u of the mobilities of the 2 ion constituents between zero 
concentration and o 3 .V of 4 5 \ in the case of sodium chloride, 7.5',; 

Mac? “r" ? d ' and 24< ' m the oi chloride. 

t , Z MaC ^ nes hah shown that the chloride lor. constituent has 

auos a/A 0 for these substances are o 833, o 86z. and o so that 
if we account for the constants of .V,. . o q3 $’ 80 

probable assumptions that tb^ s ^ chlnnde ,on conductance by the 
the chloride lon^us the same 3 < ^ uaU >* “’“fa** 1 tlmt 

dude that the hydroeen i, j ' tj . W tbc 3 ^hittems, we must non¬ 
zero concentration 7nd o “f^* h,um ,on <kcrfa * » abilities between 
hy io%, a result that makes tt ^ (Mcr from ***** ***** 

whole decrease in equivalent condurf UnrCa , S0 ( nabte t0 **PPOK that the 
1 Uws.TmsjomwAn, 14 f 7 5 16 - 5 % in the 2 

* sr js? • ,7 ’ (w> * 
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cases) may be due entirely to decrease in mobility of the ions, and not at 
all to decrease in ionization. 

When, indeed, in addition to these conclusions that neither the activity 
coefficients nor the conductance ratio is determined primarily by the de¬ 
gree of ionization, we take into consideration the fact that there is no 
property which affords any direct evidence of the existence of un ionized 
molecules in solution), of most of the largely ionized inorganic substances 
up to moderate concentrations, it seems advisable to adopt for the present 
the hypothesis that such substances arc completely ionized, and to at¬ 
tribute the decrease in the conductance ratio wholly to decrease of ion 
mobility, and the change in activity coefficient entirely to some unknown 
effect of a physical nature 

It would lead far beyond the scope of this paper to discus, the many 
classes of phenomena that seem to sulistantiate this assumption- A 
summarized description of them was given many years ago by one of the 
authors of this paper,' who at that time, however, suggested that they 
might be explained more fully by the hypothesis that the ions are partially 
united, as a result solely of their electrical attraction, into loosely bound 
molecules, which differ fundamentally from the stable molecules formed 
as a results of chemical affinity in accordance with the law of mass-action. 
The known facts may, however, prove to be better accounted for by the 
simple hypothesis of complete ionization, supplemented by some other, 
purely physical, explanation of the cause of the decrease of ion mobility 
and of ion activity with increasing concentration, and this now seems the 
most promising method of treatment, as has recently been urged by 
various authors. 5 As said alxive, we cannot here discuss in detail the 
hypothesis of complete ionization, but in dosing it may be pointed out 
that it accounts for the remarkable facts that so many very dissimilar 
chemical substances (for example, hydrochloric acid and potassium 
chloride) seem to be equally ionized, and that a volatile substance like 
hydrochloric acid does not have an appreciable vapor pressure even in 
N solution where 15% of it must be assumed to be in the un ionized state, 
if the conductance ratio is taken as a measure of ionization. It may also 
be mentioned that it avoids the improbable conclusions as to the abnormal 
activity of the un-ionized molecules to which solubility effects interpreted 
under the older assumptions lead. 1 

CsMnunos, M*s* 

' Noyes, "The Physical Properties of Aqueous Sell Solutions m Relation to the 
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THE EQUILIBRIUM CONDITIONS OF THE REACTION BETWEEN 
SILVER SULFIDE AND HYDROGEN. 

By F G Reyes and W A Fklsino 

Received November 29 1919 

CoBTENTS —i Purpose of the Investigation 3 The Apparatus 3 Prepata- 
tioa of the Materials 4 The Method of Determining the Equilibrium. J The 
Experimental* Results 6 Values of the Equtitbnum Constant Reduced to Uniform 
Temperatures 7 Increase in Heat Content Attending the Reaction and Expression 
of the Equilibrium Constants as a Temperature Function 

1. Purpose of the Investigation. 

The equilibrium of the reaction Ag*S + II. - j.Ag -f H*S has already 
been studied by Pelabon 1 at 360 and at 700° In connection with the 
systematic investigation of the free energy of iormation of tile halides, 
oxides, and sulfides of the elements, mercury silver, lead, copper, and 
bismuth, now being earned out in this laboratory, it seemed, however, 
desirable to make a new sene-, oi equilibrium measurements with the view 
of securing more accurate results than was possible by Pelabon’s procedure, 
and of obtaining reliable \alues at temperatures far enough apart tu en¬ 
able the heat effect attending the reaction to be calculated by the van't 
Hoff equation. We have, therefore, carried out a senes of determinations 
in 3 temperature regions having average temperatures of about 740° 
811* and 890° A. ’ 

2. The Apparatus. 

The apparatus employed was the same in principle as that used by 
Keyes* in his study of the dissociation pressures of sodium and potassium 
hydrides. It is shown in Fig. i The reaction tube / was made of quartz 
and was connected by means of a quart, capillary and ground joint to » 
^ass capiUary. Hydrogen was prepared in <7 and stored in the reservoir 
D C .° Uid ^ eVaautwl ’’>• ™ ans <>r the mercury pomp 

’ buretlfTnclT °rf* fT™ **** tnade “ U " wat w-jacketed 

^ differences m the mercury levels in deter mining 

asns-S 

Thn .live, wdM , 3 .*? “» .**••«* 
station with hydrogen sulfide Th ' prwaI " utin K i[ from ailw nit Wat 

' Tara TorvNAt 14 -_ / ^ < 
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tkm with hot distilled water, collected cm a filter, washed, and dried. In 
order to remove any mechanically adhering sulfur, the finely powdered 
silver sulfide was heated at 500° in a current of nitrogen. 

The hydrogen was prepared by the method used by Keyes; namely, 
by adding water, free from an and carbon dioxide, to a 5% sodium amal¬ 
gam. 

The hydrogen sulfide was prepared in an apparatus like that used in 
the preparation of hydrogen by adding a magnesium chloride solution 
slowly to solid aluminum sulfide. The aluminum sulfide was prepared 
by beating together lead sulfide and powdered aluminum in a muffle 
furnace. The magnesium chloride solution was used to prevent the 
possible introduction of carbon dioxide 



Silver in a finely divided state was nude by the reduction of an am* 
maniacal silver nitrate solution by formaldehyde. The precipitated s&* 
vex was washed repeatedly by decantation, boiled with distilled water, 
collected on a filter, and dried. It was again dried in a vacuum in the re¬ 
action tube at about 450 thus removing any trace of moisture or erf sil¬ 
ver oxide. 

a* The Method of Detsnainiag the Equilibrium. 
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carbon dioxide in H, The apparatus, including the gas reservoir B, 
was thoroughly exhausted by means of the pump D. The stop cock at 
the upper end of the water chamber was opened during the exhaustion 
fpr the purpose of removing the last traces of dissolved air and carbon 
dioxide. A few drops of water were then admitted through die lower 
stop cock to the amalgam, and the whole apparatus was again exhausted. 
The water was then admitted to the amalgam, and the evolved hydrogen, 
dried by passing it slowly through the phosphorus pentoxide tube, was 
collected in the gas reservoir P 

After the reaction tube / had been exhausted, a little hxdrogen troin 
the reservoir was admitted, and the reaction tube was again exhausted 
Hydrogen was then admitted to the reaction tube, which contained the 
silver sulfide and the stop cock / was closed Tin temperature of the 
furnace was adjusted In an outside rcMstumx mid the mixture given 
time to attain equilibrium Samples of tht gas mixture were withdrawn 
from the reaction tube out different mitrials of tune, and analyzed to 
determine whether equilibrium was attained These time intervals 
ranged from about i-' hours to a week The procedure hi withdrawing 
the gas mixture was to exhaust tile whole apparatus back of stop cock / 
The stop cock was then opened, allowing the mixture ot gases to rush 
into the exhausted space and axil insUntlv The gases were then tram 
ferred to the gas buret £, and the volume, pressure and temperature were 
T f aseous rnixtu " transferred finallx to the gas In,ret F 

” “ ™ h '“ a w„, measured" Tto, 

volumes were reduced to standard conditions of o° and one 
taosphere. In all eases correction was made for the water vapor pressure 
* ,hc sow™ ™ , h[ ** 

the ’<*■ W»t*»ture. heigh, above level, 

latitude were apphed to the observed barometric reading 

^ tW ° KaSeS in thc c< * uilibri ““ HJwtitrc 

tibriur^lT l T ^ ** at °° 40(1 ow “‘^here, the eoui- 

Hbnum constant for thc reaction is given by thc expression 
K “ Pn*/Pit, “ t'H.s t 1 ,),. 

5 - The Experimental Results. 

Table 1 presents the actually observed data, the corresponding volumes 

**'*“'■ n»„. 

W spfwmdtins it from the «th« Ode. K pt n < * tata *d 
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Tadlk I 

Tbr Observed Data and the Equilibrium Constants Computed from them 

Metiurettfots o( Mesuurrmeuts of ga* Vapor Calc volume 

gas mixture not ilrtorhrd by pressure at 0® and t.cjui? 

KqmJ (HiS + Hrf KOHfKVi + H»Oi KOH 760 mm <A cooaUst 


temp 
1?xj»t I*C 

(1 

h 

pi 

h 

Pt 

ri 

at (9 — — 

fU,<> Hi- Oil,-, 

- 11,1*11. ) 

K - 

’thWli, 

I 

47« * 

21 20 

443 82 

23 60 

21 80 

5<>4 62 

'5 65 

15 80 

138 

9 32 

O.3634 

2 

4796 

24 so 

32 » 45 

1405 

24 20 

491 08 

7 00 

18 on 

« 45 

4 00 

0.3631 


478 8 

18 60 

37' So 

21 00 

(8 60 

508 8k 

11 60 

12 80 

2 53 

7 09 

0356* 

4 

468 0 

21 40 

562 90 

19 40 

21 Bo 

s»<> 72 

IO 50 

15 20 

2 21 

635 

03513 

S 

544 

26 IS 

562 72 

46 is 

i h 00 

702 11 

28 40 

19 80 

8 01 

23 29 

03440 

A 

543 3 

25 <x» 

548 03 

42 40 

24 f*> 

688 49 

26 95 

18 40 

6 19 

21 81 

0 2882 

7 

54° S 

24 20 

580 59 

45 58 

■M 7S 

721 25 

28 60 

18 55 

7 52 

24 46 

0 307.1 

H 

524 2 

32 on 

5'* 39 

39 9 <> 

22 20 

650 68 

24 60 

16 60 

6 09 

19 00 

03205 


617 2 

2J SO 

529 90 

40 20 

2 ^ So 

687 90 

21 25 

17 00 

S to 

20 48 

02491 

in 

6160 

25 >2 

504 26 

39 90 

34 60 

649 85 

21 75 

18 40 

4 93 

i* 10 

02722 

1 1 

609 ' 

23 4" 

502 96 

37 70 

32 90 

658 59 

1 \ 20 

16 70 

4 96 

1808 

0.2743 

12 

<>06 1 

24 OO 

493 50 

34 60 

-73 v> 

647 85 

21 40 

17 20 

4 30 

1635 

0.3631 

n 

6296 

2.1 20 

520 15 

18 90 

2340 

66664 

24 SI 

17 20 

S 21 

19 32 

0.269s 

*4 

614 0 

24 60 

499 7<> 

17 20 

2 3 <*> 

640 91 

2 3 30 

17 70 

4 *7 

<7 57 

0 2771 

*5 

6aj 0 

23 SO 

54' 54 

19 8,5 

23 80 

691 17 

25 is 

17 60 

5 60 

20 50 

0.2733 

16 

6i.l0 

25 80 

513 18 

40 V) 

2 5 20 

6H1 56 

25 45 

1900 

5 49 

20 35 

02701 

*7 

6049 

22 B(> 

509.65 

39 38 

23 1J 

6.S1 48 

24 45 

1695 

S 49 

18 87 

02909 

tH 

626 4 

25-95 

516 76 

19 so 

23 71 

6*007 

24 60 

17 SS 

S 9> 

19 73 

0299* 

t<> 

61 <10 

251)1 

554 $5 

l* 40 

2J 15 

677 01 

23 60 

1695 

5*9 

1889 

0.3120 

*0 

434 5 

J 5 W* 

48878 

U 55 

26 10 

631 01 

18 35 

1990 

506 

1346 

037*1 

31 

J099 

2* IS 

538 '7 

.18 4' 

jS in 

67B 12 

23 90 

31 90 

5 95 

i» 71 

0.3183 

t2 

557 8 

JO |»H 

444 »3 

24 55 

29 11 

5*7 77 

14 So 

2\ IS 

lOl 

993 

03031 

6 . 

Values of 

the Equilibrium 

Constant Reduced to 

Uniform Tern- 


peratures. 


Tlie experiment* tn which the equilibrium was. approached from the 
hydrogen silver sulfide side are grouped in 3 temperature regions; namely, 
Expts. i to 4 in a region winch will be designated Region 1, whose aver¬ 
age temperature is 749 1 5 0 A , Expts 5 to 8 in Region 1, whose average 
temperature is 811,25® A., and Expts 9 to 19 in Region y whose average 
temperature is 889 63® A All the separate values of logos K were plotted 
against 1 T, and the best representative line drawn through them, in 
ticed, it was found possible to draw a single straight line that well repre¬ 
sented the points in all 3 regions To show the concordance of the sepa¬ 
rate observations, each one was corrected, by taking into account its re 
latkm to this line, so as to correspond to one of the 3 average tempera¬ 
tures named above. 

The so-reduced values of the equilibrium constant tf u.a /hfeK to¬ 
gether with their means, are given in the last column of Table II. 
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of the Bqggibrimn Constant Seduced to Uniform Temperature*. 

Kxp*. 

AbMlntt lemperitun 

EquINbriuiu m*wt 

I 

7*9 55 ° 

0.363* 

7 


0 3660 

3 


0 3390 

4 


0 3 * 5 ® 



Mean, 0 359 

5 

Sit 25 ° 

0 3480 

6 


0 2910 

"7 


0 33m 

8 


0 33‘9 



Mean, 0 31s 

9 

889 61 

0 247s 

10 


0 2722 

11 


0 2711 

12 


0 25V3 

*3 


0 2730 

*4 


0 2763 

<5 


0 2770 

16 


0 2779 

r? 


0 iRjo 

18 


0 3055 

19 


0 3119 


Mean, o 27# 

7. Increase in Heat Content Attending the Reaction and Expresalo* 
of the Equilibrium Constants as a Temperature Function. 

The increase in heat content attending the reaction at tiie mean tem¬ 
perature (820° A) of the equilibrium measurements may be calculated 
by substituting the average values of T and K for Regions 3 and 1 given 
in Table II in the integrated form of the van’t Hoff equation, as follows: 


~ ?) = iog * 7 ~ —( 

R \ 7 i TV K, 1 9885x749 15 


-L-) 

H 89 63 / 


. 0.2780 

2-303 log ..— L - 

0.3588 

The value of Mi is thus found to tie -2 *to caJ This result is e«p « ry**A 
by the equation 

(tfso) AgjS(s) + H t (g) « 2Ag(s) + HjS(g) -f 24*0 cal. 

. wl the tit °! Value we may e ^ ress th * equilibrium constant M 
bvX ev n i ? mp ^ atUr f between the llroits 750° and 890* A, cowered 
nf th Narae y ’ ky substituting in the above gives fora 

2 xlTt “* f r d *■ r - -*«. STJS 

m place of A, and 7 , the general values K and 7, we get 
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logw K = — 1 1470 

The corresponding expression for the free-energy decrease — AF in calo¬ 
ries attending the reaction AgtS + Hi -- aAg + HiS at any tempera¬ 
ture T between 750° and 890° A. is 

— AF = RT log, K - 2408 — 5 253 T. 

With respect to the concordance of these equations with the observa¬ 
tions it may be stated that the first equation, which is derived from the 
average values of the equilibrium constant at 749 15 0 and 889.63°, 
gives for that constant at the intermediate temperature 811 25° the value 
o 317, while the average value derived from the observations in that 
temperature region is 0.325 It may also be mentioned that the results 
of the 3 experiments (20 to 22 in Table I) m which the equilibrium was 
approached in the direction opposite to that m which the values on which 
the equation is based were obtained are in fair agreement with the results 
computed by the equation, namely, these three experiments gave for the 
equilibrium constant the values o 376 at 727 6° A., 0318 at 783.0° A-, 
and o 303 at 830.9° A., while those computed from the equation for 
these temperatures arc o 376, o 335, and 0.306. 

CjiiiniMl Mam 


THE DETERMINATION OF CHLORINE WITH THE NBPHE- 

LOMETER. 

Be Arthur B Laws. Paul W Caxlstok and W. B Mxuwum. 

H«v.iv*4 December I. !91V 

In the study of the concentration of the vapor of "mustard gas" and 
similar non-volatile toxic liquids over areas sprayed with them, large 
samples of the contaminated air were collected, the tone gas absorbed 
therefrom in alcohol, and after special treatment the chlorine was liber¬ 
ated as chloride and determined as such, These "war gases" are 90 very 
toxic that extremely minute quantities ere significant, and u> spite of 
the large samples of air which were collected {13 liters) it was necessary 
not only to detect but to measure amounts of chlorine as small as a few 
tfeKHisandtlu of a milligram. 

For the rapid and approximate estimation of these amounts the copper 
Same test' gave useful results, as did also the aeknkws acid method eft 
Yablick, Parrott and Furman,* but before these methods had been de¬ 
veloped, and indeed afterwards when a more quantitative determine - 

1 Published by iwouSwtati of Maj.-Gtn. W. L Slbert, Director, Ctraatcal Warfare 
Service, U. ft A. 

* Ustb, Qtrleton. Hufbn* and Nkhoto. Tuts Joqkmml, 42,78 <jmo\ 

»/W n .«* <—» —' 
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tion was desired, resort was bad to the nephelometric method perfected 
by Richards and Wells. 1 

These authors have, however, applied the method only to aqueous 
solutions while we were obliged to use an alcoholic solution for the ah- 

toxic S o*c. anti „ * £ 

method directly to this solution. Moreover. Wells’ m particularjm 
shown that the development of a maximum opalescence vanes greatly 
condition, »d U». diffcn. 

trauma. Finally, in apit. id the treat deliccy oi this metwt tta 
quantities of chloride with which we bad to deal were so minute that the 
method had to be pushed to its utmost refinement 

For these reasons and also to adapt the method to the routine analysis 

.J 

with reference to the development of opult scuict, . 

a number of facts were disclosed ulmh «t 1 . , 

any who mav he confronted with .iiahtK-al problems of tins kind. 

We first carefullv deten.lined the reproducibility oi our nephelometric 
readings N'evt, using permanent standards, we studied the development 
of opalescence and perfected a method for obtaining rapidly a maximum 
and constant opalescence We finally studied the effect of diffuse day- 
fight on tfie opalescence, arid very briefly the relative intensities of opal¬ 
escence of silver chloride suspensions in water, 50*7 alcohol and yV\ 


acetic acid 

Reproducibility of Nephelometer Readings. 

The nephelometers used were of the Kober type.’ The only alteration 
was to coat the cement on the plungers with a thin layer of paraffin, in 
order to avoid any contamination of the solution 
Directions for the use of the instruments are given in full by Kober. 
Our procedure was briefly as follows At tlie beginning of a series of 
analyses both cups of tlie instrument and both plungers were rinsed first 
with distilled water and then with the standard suspension (silica or 
silver chloride) to he used. They were nearly filled with this solution and 
placed in position in the instrument. The position of the left-hand cup 
was adjusted until the scale reading was exactly “10.0;” tlie potation 
of the right-hand cup was then adjusted until the illuminations on both 
sides were equal, this being determined as the average of several inde¬ 
pendent settings, This setting was retained for the whole series of com¬ 
parisons with the standard, 


‘ Richards, Pt »< *mer. Arad. Am SU„ a*, 74 (tSft)). Richards amt WeSk Am 
Ckem. J„ 31,135 {1904}; Richards ami Welts, Tms JOURNAL, tf, 4*5 (»VCW>; WeBa, 
Am. Chan . J„ 35, 99 (1906); Richards, Ibid , 35, jm (1906). 

1 Am. Chm. J, 3S, fKutfosi 
/. /ad. Bnt . Ckem .. 9 . Sn (, c 
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The sedation in the left-hand cup was then discarded, the cup and 
plunger rinsed with the solution next to be used, and the cup nearly 
filled with the solution as beiore It was placed in position in the instru¬ 
ment and the height adjusted until illuminations on both sides were again 
equal. The scale reading was recorded and the results computed using 
the formula given by Kobci 

y = (jo F) — (i h x 111 x (0.052 /'*i 

Where V signifies the scale reading, b the concentration, and 0.052 is the 
nephelometric constant 

There are several precautions either not mentioned by Kober, or not 
sufficiently emphasized, which must be ol>served if the utmost accuracy 
in the use of this nephelometer is to lie obtained In the first place, a 
very serious error may Ik- introduced if the eyepiece of the instrument is 
not kept in exactly the same position throughout a series of comparisons. 
Not only docs alteration of the position of the eyepiece vary the distribu¬ 
tion of light over the field but it changes very considerably the relative 
positions of the cups for equal illuminations Thus, in one case, the turn¬ 
ing of the eyepiece through ifto“ caused a change in setting of the left- 
hand cup from 214 to 14.7, the right-hand cup remaining in the same 
position. 1 

Second, a %try appreciable error may result from a variation in the 
light conditions in successive comparisons, unless the position of the cup 
in its holder is always exactly the same We found it advisable to mark 
the cup for this purpose. 

Third, the precise matching of two faintly opalescent solutions is 
difficult. The only practical method of attaining readings of satisfactory 
accuracy is to raise the left-hand cup until there is a shadow just distinctly 
visible on the right-hand side of the divided field, then to lower it until a 
shadow of the same distinctness is visible on the left, and to take the mean 
of the extreme readings. Moreover, with these faint opalescences satis¬ 
factory results can be obtained only when the eyes have acquired th eir 
maximum sensitiveness by remaining in the dark for 5 or 10 minutes. 
Similarly, too long continued observation tires the eves sufficiently to 
'produce a marked decrease in the accuracy- of the sellings. 

Adopting alt the precautions above-mentioned, a series of comparisons 
of silver chloride suspensions at different concentrations was carried out. 
the solutions were prepared by adding enough alcohol to appropriate 
quantities of very dilute standard sodium chloride solutions to bring the 
volume up to io ec., adding to cc. of 0.1 M nitric acid to this, followed by 
a targe excess {10 cc.) of 0.005 -V silver nitrate solution, making a total 
volume of ao cc. Th* i-- ,; — -*• * 
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proxiinately 50% alcohol. For preparing the dilute solutions the follow¬ 
ing standard solutions of sodium chloride were employed: 


Fuji! solutions 
Molar Cone NoCI 
X 10 +* 

O 37 " 1 oo 


Initial solutions 
Moiu rone 

N*a 

o OOOIOO 


2 00- 4 5 
9 o 

18 o -75 


O OOOSOO 

o 000400 

O 00300 


The reagents had to be purified with care in order to secure re¬ 
producible results Chlorine -free alcohol was secured by the distilla¬ 

tion <A commercial, 92% alcohol from sodium or potassium hydroxide, 
using about 2 g of potassium hydroxide for 700 ec of alcohol. The water 
and the nitric acid were also specially Tedistilled. To eliminate individual 
differences, the observations were made by 3 different observers The 
results obtained are collected in Table I. 


Tablb I— Rsfroditcibility or SErrisos 



Total® 
wt U 
mg 





Drvmtion from 


Molar cone 

X J0 + * 

lH>«ert cr 

S\j»ceast\c tttting* 
means of R » and I t 

AvtfttKc 


Av 

* 

O 37 

0 0053 

A 

IO 3 

II h 

It 6 

II 2 

O 9 

0 6 

0 37 

0 0053 

B 

>3 1 

U 1 

'I 4 

12 4 

I I 

O 7 

0 37 

O OO53 

C 

13 1 

U 0 

12 1 

12 4 

0 7 

0 5 

0 50 

0 0071 

C 

14 8 

14 6 

U 0 

14 s 

0 3 

0 3 

\ oo 

0 0142 

C 

M 5 

H 9 

n t 

U 6 

0 5 

O » 

i oo 

0 0284 

A 

9 7 

9 9 

10 5 

10 0 

0 3 

0 2 

2 CO 

0 0284 

B 

9 7 

9 7 

10 6 

10 0 

0 6 

O 4 

4 5 

0 064 

B 

>5 1 

>5 ' 

IJ 1 

*5 1 

0 ti 

i> 0 

9 0 

0 128 

A 

IS 6 

IS 8 

IS 8 

*5 7 

<> i 

0 t 

90 0 us 

iS 0 0 356 

4 S 0 0 64 

7S 0 1 06 

“ This refers to the 
nephdometer 

B 15 6 i s j 

B IJ 8 16 1 

B 17 3 17 J 

B 18 3 17 6 

total weight of chlorm- 10 

15 si 

16 4 

16 9 

17 8 
the 40 

I*> fi M 3 0 2 

lf> 3 O4 0 4 

17 1 0 2 0 2 

‘7 9 04 03 

cc wuapie used in the 


iol a ~Tx^T lV tM T r U * r£ “' Kfc W “ ,ncCut ™tK>n studied 
3 % it j s ^ interest eavera K e dtv ration is not more than about a or 

mediate opalescences ( 5 'x J’ deV,atKjn is *** {m «*»- 

be made more rapidf 1 ^ST^**** 

tions. At low concentrations, the fidd, « iL £l 7 "tTZ-T*** 
trations too bnlhant for a ,-„, r * f fwnt > wd at high conoen- 

«"w it-* ?“ “ •» «* 

shown, for instance, by the tvnica! rp, ^ um J 10 * 1 “Wttmutt settings, si 

.1 -»™C ,.X ’ lmi “ “» 

Total wt cl Mjtxnrua ajo> Mirmnw Sarrotoi. 


mg, 

Diff 


o 0053 

5 4 


“r °o ,4j °«S 4 


° id o aid 0.(1 i.<s 


A to 
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The average differences are least in the region of intermediate concentra¬ 
tions. 

The Development of Opalescence. 

Richards and Wells 1 point out that the rate of development of opales¬ 
cence is decidedly variable in pure water, but by adding a considerable 
quantity of nitric acid to the solution under comparison, the maximum 
opalescence is quickly attained by each suspension, and persists unchanged 
in relative intensity for hours. In all of our solutions we have, therefore, 
used a very' large excess of dil. nitric acid, (10 cc. of o 1 M) 

The existence of progressive changes in the state of the precipitate was 
fully recognized by Richards early in the development of nephelometry, 
although he did not measure them quantitatively His method of over¬ 
coming uncertainties from this cause was as follows • "The unknown 
solutions to be estimated must be treated in exactly the same way as the 
known standard solutions, which serve as the basis of comparison '** 
Evidently this method is entirely legitimate and must give accurate re¬ 
sults when any reasonable time of standing is allowed 
Wells* studied the rate of development of opalescence of these solutions 
in more detail and used fixed standards of ground glass, which showed that 
the above constancy, whiie real, was only relative, and that the opalescence 
after reaching a maximum decreases very slowly in the dilute solutions 
and very rapidly in the concentrated ones. He recommends that the 
opalescences of the dilute solutions (0.000,005 M) lie read within 30 minutes, 
and of concentrated solutions (0,000,05 ill) within 4 minutes after precipi¬ 
tation. 

It is evident that there are at least 2 effects operative in this phenomenon 
-one, the progressive increase in the size and number of particles, doe 
to the precipitation of the dissolved silver chloride, another the coales¬ 
cence of particles so that their net opalescent effect diminishes. Ip the 
concentrated solutions, at least, this coalescence progresses so far that 
visible coagulation occurs. Since precipitation lias a steadily decreasing 
velocity while the coalescence continues indefinitely, there results a period 
^of growth in the intensity of opalescence followed by a usually longer 
period of decay. 

In order to study these questions further, and in particular as applied 
to our alcoholic solutions, we first prepared a standard of constant opal¬ 
escence This was a suspension of kieselguhr made by shaking the finely 
ground material with distilled water, allowing it to stand tor 7a hour* 
and then siphoning off the supernatant liquid. The faintly opalescent 

' TMS JOOHNAt., sy, 48s (14051. 

> Theodore W m»w4. « — • - - 
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solution thus obtmned was approximately equivalent in the nephelometer 
to the 4.5 X io“ s M silver chloride standard The permanence of this 
suspension was tested by filling the two cups of the nephelometer with 
the same suspension, and comparing with each other after various time 
intervals The left cup and its contents remained undisturbed throughout 
the series, while the right was emptied, refilled with freshly shaken solu¬ 
tion and replaced in the same position before each readmg Typical 
results were as follows 

Table Ill —Permanence op Kieselguhr Standard 
Time, min o 5 10 15 20 25 30 40 50 <«, 70 

Reading ij 9 16 o 15 5 ij b 15 5 15 5 146 15 6 13 3 15 d >46 


From these results it is evident that the kieselguhr remained suspended 
for at least an hour before there was any decided indication of settling, 
and that if suitable care be taken m replacing the cup in the holder the 
readings can be closely reproduced Using this suspension as a standard, 
measurements of the change of opalescence of the silver chloride suspen¬ 
sion with time were made The silver chloride suspension was prepared 
as before and was 2 00 X 10 s M It was allowed to stand at 20 0 for 
the time intervals indicated in the table, and was then compared with 
the kieselguhr standard The opalescences are represented in percentages 
of that attained after one hour’s standing 

Table IV —Change op Opalescence with Time „t 20” 

Cone * ) 00 X 10's M 


Tune of standing, min 7 

Opalescence, per cent 81 


15 

93 


30 

9 * 


4 S 

102 


60 
' tool 


90 

102 


130 

IOJ 


ISO 

103 


A similar suspension of silver chloride was then prepared and hj. a t»H 
to 6o° for the tunes indicated, cooled to room temperature and compared 
wrth the kieselguhr standard as before The results are expreswjin 
percentages of the opalescence of the above standard. 

Table V—Change op Opalescence with Time at «o* 

Cone » 2 oo X 10** M 
Time of heating, mm ^ 

Opalescence, per cent 
* Visibly coagulated 


10 

112 


*5 

HO 


40 

tao* 


109“ 


to^^W^Tstent td* thi * 1 l l! e ° paleScenct at 2 °° increases slowly 

the attainment, but resultTin a ” b “ tenS 

Ms off on continued hearing Whkh> howver ‘ 

coagulation after 30 mint^T 18 ’evidence of 

tionobserved^^dn^S^^”^^ *** T * pld coa ^ uk “ 

a constirWahi» nnm , __ ^ * ent * °f experiments covering 
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ties of sodium chloride solutions. They were heated for various times 
at 40 0 and then cooled and read. For comparison, observations were 
made on similar solutions kept for 60 minutes at 20 0 and not heated, 
and these together with the others are included in Table VI. 


TaBI.B VI.— CHANGE or OAUtSCKNCB WITH TutE AT 4O 0 . 




Time, min 

60 


JO 

60 

Cone 

Tout wdxllt 

Temp 

20" 


40 * 

40 " 

x io* if 

Cl mg 

% 


% 

% 

0 37 

0 OOJ3 


69 


1 too) 

99 

2 00 

0 OJ84 


71 


'too) 

98 

9 0 

0 128 


87 


• 100 ‘ 

9 «; 

9 0 

0 128 


88 

87 



9 0 

0 128 


91 


104, 

9 O 

0 128 


84 



<x»! 

io 0 

0 426 


91 


100) 

100 j 

30 0 

0 426 


9 i 



99* v 

30 0 

0 426 


94 1 



ioo" i 


' Visibly coagulated 


These results confirm our previous conclusion that at room temperature 
the maximum opalescence is not by any means attained within an hour, 
particularly at the lower concentrations. They further show that over 
a wide range of concentrations a substantially constant opalescence is 
attained after 30 minutes’ heating at 40°, and that furtlier heating at this 
temperature is without noticeable effect. 

It is important, however, to know how king this maximum opalescence 
developed by heating will persist unchanged at room temperature. To 
determine this a similar series of suspensions of different concentrations 
was prepared, heated as usual at 40 0 for 30 minutes, cooled and allowed 
to stand. At intervals samples were pipetted out and compared with 
freshly prepared suspensions. The results are given in Table VII. 


Tajh.k VJI.“Emscr or Standing at Room TEwnourotE atte* Heating 
Samples Heated 30 Min. »t 40*. 
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IOO 

8 s 

74 

9 u 

0 u 8 

too 



89 


W 0 
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tot 

99 

84 
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SO 


These results show tint faintly opalescent suspensions are stable for 
several hours, but that the strongly opalescent suspensions produced by 
high concentrations show a perceptible decrease after an hour. These 
latter should then be read within a half hour after cooling. 
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water bath kept at 40 0 for at least 30 minutes. It was then cooled 
temperature and within 30 minutes compared in a nephe- 
Ipmeter with suitable standards similarly prepared. 

Ths technique appears superior to that of Wells in two respects—it 
.not only develops a maximum and more constant opalescence, particularly 
iflthe case of the more concentrated solutions, but it also is simpler in that 
the same procedure is applicable over a wide range of concentrations 
The results in Tables VI and VII, where the suspensions were treated in 
this standard technique, show that a maximum deviation of 4I'; for any 
single analysis, and a still greater accuracy for the average of several 
analyses can be counted upon This estimate is confirmed by the result-- 
in Table VIII, and by a large number of other analyses not cited here 

The Effect of Light on Opalescence. 

Exposure to direct sunlight produces so great a change in the color Mid 
the nature of the silver chloride suspensions that nephelometric readings 
on such samples are quite out of the question Wells states that he 
could detect no eSect of a 2-hour exposure to the light of the nephelometet 
on the opalescence of his suspensions. We find that with suspension* 
prepared and ''developed” as above, exposure to diffuse daylight has a 
perceptible effect, especially in the more concentrated solutions This 
is shown by experiments collected in Table VIII 

Tabcb VIII —Effect of Diffuse Daylight 
Temperature, so’ 
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«=■ in the m k ' Pt “ ”* 

The «*« „ f „ C T“ 

tjcohol-mto mate It „ ppeaml 50 ”o ethyl 

cence developed by the same amount of suZ l T^ " ° pale# ' 
Suspensions were, therefore, prepared as bJr * “ ° ther Solvcats - 
the alcohol, in 0 ne case water and in auothe f‘ n f ept that in P ,a< * 01 
stituted. This gave, on the one hand 1 T BacetK ‘ a «d was ttib- 
°ther hand, in approximately 50 % acetic aciTT'" “ and > 00 
^ all heated for 35 to ** «***»*». 

d ra P‘% and compa*#d with 
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a wispension is a 50% alcoholic solution, treated m a similar way. The 
results expressed in percentages of the opalescence of the 50% alcoholic 
solution are given in Table IX. 

Tasls IX —Oalbbcxncs xx Various Solvents. 


Ssivtnt MoUr cose X 10* 

6 2 

2 $ 

30% alcohol- 

(lOO) 

fioo) 

Water. . 


”5 

30% acetic acid 

101 

102 


The opalescence in 50'/; acetic acid is substantially the same as in go l 4 
alcohol; that in water is somewhat greater, but no effect of concentration 
is evident. 

Summary. 

It tuts been shown that 

l») In a 50% alcohol-water solution, heating silver chloride suspensions 
of widely differing concentrations to 40 0 for 30 minutes after pradpita 
lion, produces a more intense and constant opalescence than can be at¬ 
tained at room temperature, further heating for 30 minutes at 40*, or 
standing at room temperature for an hour produces no perceptible change 
in this opalescence 

(2) Using this technique, chlorides in such solutions can be estimated 
with an average deviation of about 3 to 4 r J over concentrations ranging 
bet ween 4 and 300 X w ‘ M 

13) Opalescence ui such solutions decajs more rapidly in diffuse day¬ 
light than in the dark 

(4) The opalescence of the same quantity of silver chloride in water 
w about i $% greater than in 50'^ alcohol or 50*, acetic add. 

Certain phases of this problem are being studied further by Meldram. 

Vuummii, O C 

iC ontribution non m Insbctiod* and Funciciok l^uxauToav, Bomac or 
Cksmistry, U- S- UsrAATNSNT or AoatcoLTmx 1 

THE ARSENATES OF CALCIUM. I. EQUILIBRIUM IN THE 
SYSTEM ARSENIC PENTOXIDE, CALCIUM OXIDE, 
WATER AT J 5 ° (ACID SECTION). 

By C. M. Stun 

(UnWrai DnMtbtt S, 1*19 

Owing to the commercial importance which caknim arsenate lias re¬ 
cently assumed as an agricultural quay material more detailed knowledge 
of to chemical and physical properties has become essential. One of die 
most important questions in relation to a spray for use on vegetation n 
to behavior with water, which may and often does result in the Hbera- 
tioo of so "pH* ** "soluble" a rse n i c * - «it ob*d*eg in th at term cot only th e 
encsie which may be present as a soluble impurity but also tost whkfa 
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conies from any decomposition or solution of the spray material by the 
paster with which it is in contact. 

It appeared that the best way to treat this question was by a study 
Of the general equilibrium conditions in the system, and the application 
Of the phase rule criteria to the interpretation of the results. 

This system is one of 3 components, calcium oxide, arsenic oxide, and 
water. According to the phase rule, a 3-component si.stem will always 
behave in such a way that the sum of the mi inter of phases ami the de¬ 
grees of freedom will be 5. For the purpose of the investigation, only 
those conditions under which at least 3 phases— ga,. solution, and solid— 
oust axe of interest to us. By working at constant temperature the sys¬ 
tem may be reduced to one degree of freedom, in which state the existence 


of one solid phase will be indicated by variation of the solution, while the 
appearance of a second solid phase will render the system invariant and 
result in the production of a constant solution Consequently, if various 
empirical mixtures are made up and allowed to come to equilibrium, 
analysis of the solutions and solid phases will serve to establish the limits 
within which the different compounds can exist 
Owing to the fact that arsenic acid is extremely soluble, while calcium 
oxide is only sparingly so, the entire range of experiments could not lie 
covered in the same way. Consequently the subject was divided into 
two sections, which have been designated the acid and basic sections, and 
the two series of solutions arranged so they overlap The acid region 
forms the subject of this paper, the basic region being covered in a paper 
to appear subsequently. 


, Zu?° °, h T PUr " Calduni ° xide ’ that i:sed all prepared from 
calcium chloride by two precipitations with ammonium carbonate and 

ubsequent ignition in an electric muffle. By this means a product was 
obmrned contam.ng only o.o 4 ',' of magnesium oxide and o ,/ of <* r l™ 
dimode, and no more than mere traces of any other impurities 

f051 ° W ; °' di ^ —' - 

until the boiling point rose to **** 

".u, . « t»„ of solid , J (S, n ■*!“' 

separation, m a short time, of the mam ftus caus * d 

mentioned hydrate. (The '‘seeding” is ateoluteiT"" *** * the ab ° Vt 
saturated solutions have been kept in the w / ««per- 

spontaneous separation having occurred TfiTfi J ^ Witl,out 

obtained by cooling some supernatural 1 tr<>p of cr y* t <*l» was 

the solution is left undisturtT^tL^ to ^ -«>•.> ,f 
to ** Altered on a Buchner * '* yiUk fona 

medium. (p ap e r could not be used on HU wn,t the us * of any filter 
of the strong arsenic acid upon it) sfcTtf *** deslructi ™ *Clkm 

; * SUch recr >’stalli2ationK were 
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carried out by the method of combining filtrates and residues which gave 
a product practically free from all common impurities. (It may be men¬ 
tioned that the chief impurity in the commercial acid was an extremely 
finely divided suspension of oxide of iron, which readily passed through 
the Bhchner funnel.) This crystallized product melts at about 36°. 
It is hygroscopic and is not suited for weighing definite amounts, but it is 
very readily soluble in water, and solutions of any desired strength up to 
about 74 ( > of arsenic oxide may lie prepared from ii 

The experiments which form the immediate subject of this paper were 
planned as follows: The arsenic acid was prepared in the form of a thick 
sirupy solution, d 1.31 and containing 74.8' of arsenic oxide. To a series 
of 2-ounce bottles, numbered from 1 to 15 inclusive, were added succes¬ 
sively increasing amounts of the strong acid, the amounts being so ar¬ 
ranged that on dilution of each with water to a volume of 40 cc. there was 
obtained a series of arsenic acid solutions ranging from 5 r ( to 75% of 
arsenic oxide in steps of 5 *,. Both strong acid and water were measured 
from a buret, and rather crudely, for an exact knowledge of the composi¬ 
tion was not necessary To these solutions was now added powdered 
calcium oxide in small quantities until the acid was saturated, and then 
about <me g additional This insured the presence of 2 or 3 g. of solid 
residue. The bottles were then securely stoppered and attached to a 
rotating machine which was immersed in a water bath maintained at 
35 0 . The machine was run continuously day and night, and tests of 
one solution at the end of 10 days and 17 days showed that it had reached 
equilibrium Since the machine contained at the same time the basic 
experiments, which were much slower in reaching equilibrium, the whole 
lot was not removed for about 3 months. In that time the maximum 
variation of temperature was about 2°. with an average daily variation of 
less than 0.5“ 

When the samples were removed from the shaking machine they were 
filtered as quickly as possible, using a Gooch crucible containing a disc 
of hardened filter paper. When the liquid had drained out, it was recovered 
while the wet residue was transferred to a weighing bottle, weighed, and 
dissolved in a known amount of dil. hydrochloric acid The amount of 
the latter used was figured to give a solution of a strength suitable for 
analysis. The densities of all the filtrates were determined at 35®, cor 
reef ion being made for buoyancy of air. All analyses were made on weighed 
samples, but the density data of the filtrates permitted recalculation to 
volume figures, which has been done. 

The methods of analysis used Here as follows For calcium oxide a 
suitable aliquot was taken, the acidity reduced if necessary with am 
Swim, the solution heated to boiling, and 50 cc. of boiling ammonium 
oxalate solution (40 g. per titer) run in very slowly from a pi pet. This 
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TW* 

_ .• the lime from the arsenic, and produces 

procedure quan 1 1 V settles a j m0 st immediately and may be 

a precipitate 8”“" or so ' After filtration and washing, the pre- 
filtered after hal staildard permanganate solution. For arsenic, 

cipitate was trtra 1 ^Jonled to about 10 cc. on the steam 

,;rfcc ofTonc. hydrochloric acid added, then ,o cc. of water 
bath, coo ,5 • • jj de then 25 cc of ammonium chloride 

SS^^VperSer., and the liberated iodine finally titrated with 
Tmndard thiosulfate solution. The results of these analyses are given 


in Table I 
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Since it was impossible to remove all adht-iing niolhci liquor from the 
solid precipitates, the following well known graphical scheme was used 
for finding the composition of these solids If the points representing any 
solution and its corresponding wet residue are connected by a line, this 
line produced passes also through the point representing the dry residue. 
Two such lines will converge at this latter point, pro\ ided the solid ynatmf l 
remains the same. However, to establish definitely that it is a fixed com¬ 
pound it is necessary that a third iine converge at this point. This unshod 
has been followed in Fig 1 In the presentation of the results rectangular 
coordinates are used instead of the possibly mo;e common triangular ones 
because of greater ease of interpretation The percentage of calcium nyid» 
has been plotted against the percentage of arsenic oxide, the ordinate scale 

» f ■' «** - »t u„ «... 

JZSS'm f £ ?t J! ,nd “™ •<»—u« u» 

resuhs fal1 upon a strai « ht lw. AB, While the lines drawn through 
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solutions and residues actually converge to a more or less definite point. 
Owing to the fact that the lines are not very convergent, it is difficult 
to pick the point of convergence from the graph. However, by applying 
the method of least squares, the most probable position of this point was 
found to correspoad*to 2 7.1 % of calcium oxide and 55.3 % of arsenic oxide.' 



These figures are almost exactly those corresponding to the formula, 
CaKAsO«-1 .$ 11 * 0 . Such a formula has been ascribed to products obtained 
by Turner,* Kotschubey,* and Debray,* but Pc Schulten’s experiments,* 

* TW» calculation w based on the following assumptions that all the mdhrldtMl 
analfse* were of equal weight; that the Uses shook! be given weight proportional to the 
length be tween their determining points, and finally (hat the moat probable point of 
convergence should he taken as the point where the sum of the squares of the weighted 
perpendicular distances from the various lines is a minimum 

* IMimbrnrik J. St*., j, jo 6 

* J, pratt. Cttm., 40 , »Sa (1840). 

Mm. <Mm pkjs.. ij! fir, 427 (««<*»). 

* Ml. m. front, mi*., sfi, >3 (r«aj). 
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as well as our own 1 have not confirmed it- The two well defined natural 
hydrates have the formulas CaHAsOi-HjO and CaHAsOi.aH »0 (haid- 
higerite and pharmacolite). The probable error in the point of convergence 
Is great enough to include both of these compounds, but examination by 
the petrographic microscope shows that the formef is the compound 
actually present. Consequently the compound of the formula CaHAsO«,- 
HiO can be in equilibrium only with solutions along the line AJB. 

Passing now to Expts. 8 to 14 inclusive, it is found that the solutions 
range along another approximately straight line BE, While the solution-resi- 
due lines converge to a point the most probable location of which has been 
calculated to be that corresponding to 17.7%, of calcium oxide and 71.4% 
at arsenic oxide. These are quite close to the theoretical values, 17.4 
and 71.4, for the compound of the formula CalhfAsO,)*. monocalcimn 
orthoarsenate. 2 Because of the wider divergence of these lines, the cal¬ 
culated values have much greater weight than in the former case, and 
furthermore since we have been able to produce a compound of this formula 
by other means, its existence here is definitely established 
The point B at which the two so/ution curves A B ami BE intersect, 
represents the constant solution which exists in the presence of l>oth solid 
phases. It is unfortunate that none of the experiments happened to fall 
at this point, but the graph shows it to be located at a position approxi¬ 
mately corresponding to 6.8% of calcium oxide and 27.5';;, of arsenic oxide. 
Had any experiment fallen here its representative line would have traversed 
the region BCD and cut the dotted line CD at a point representing the 
composition of the mixture of solids present. 

Expt 15 was made by putting some calcium oxide i nt0 a mushy mixture 
of crystalline arsenic acid (As,O s . 4 H.O) and its saturated solution in 
an attempt to determine the constant solution in contact with both cal 
cum arsenate and arsenic acid. The line 
does not converge to the point D, showing that a new 
and furthermore the position of the wet revkhu. „ , appeared, 

•seexmd phase is not the arsenic acid started with (A^TJlT ^ ^ 
and Potter’ state that thev Meazies 

of arsenic ° ^ tWo ***** 

(3AssO1.5H.Oj. They also sj le that Z Md a 3 - 5 -hydrate 

stable above 29.5 This explains the ^ ° ni P ound » the more 
originally taken into the other hydrate °‘ tile arsenic ^ 

sents the constant solution in contact with P ° mt 1 E ' lhere{orc , re pre- 

1 A subsequent paper will describe the v • m0n0cal CUm OTthoaraenatC 
the methods of their preparation i„ ° f C ‘°' A % 0 .aml H.O, 

This compound has not previously been renort * a St ' Jdy of their properties. 

"Beitrage zur Kenutui der 

1879 J" ^hed its monohydrate yr °' Und •• SuSZ 

* This Journal, 34, H 6 9 (,9.2). 
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and the 3,5-hydrate. It contains 0.114% of calcium oxide and 73.14% of 
arsenic oxide, the latter figure being in close agreement with the figure 
73.0 given by Menzies and Potter for the solubility of the 3,5-hydrate 
at 35 °- 

It may be seen from the graph that the points representing solid phases 
and constant solutions have been connected by dotted lines. These lines 
divide the entire chart into various regions, which permit of predicting 
the behavior of any empirical mixture of calcium oxide, arsenic oxide, 
and water when kept at 35 °. For instance any empirical mixture whose 
representative point falls within the area BDE will separate into the solid 
monocalcium orthoarsenate and a solution represented by some point 
on the line BE- Likewise, any empirical mixture whose representative 
point falls within the region ABE will form a solution with no residue. 

There remains to be considered one line, that representing Expt. 1. 
This does not pass near the point C, showing that there must be present 
some compound more basic than dicalcium orthoarsenate mouohydrate. 
The equilibrium conditions in this system covering the basic region will 
be presented in a subsequent paper. 

It appears worthy of note that the line AB, representing solutions in 
equilibrium with dicalcium orthoarsenatc monohydrate, if extended, passes 
very dose to the point D representing monocalcium orthoarsenate. In 
other words, dicalcium orthoarsenate monohydrate is stable only (appar¬ 
ently) in solutions of monocalcium orthoarsenate. This is brought out 
plainly in the last column of Table I, where it is seen that the average 
value of the molecular ratio of the solutions from Expts. 2 to 7 inclusive 
is 0.99. 

Summary. 

1. The general equilibrium relations in the 3-component system arsenic 
pen taxi de, calcium oxide, and water have been investigated for the add 
region at 35 0 and tire phase rule criteria applied to the interpretation of 
the results. 

2. Two compounds have been found to be stable under the conditions 
of the experiment, dicaldum orthoarsenate monobydrate, CaHAsO«.HjO, 
identical with the natural mineral haidingerite, and mooocaldum ortho¬ 
arsenate CaHdAsCL)*, existing below and above, respectively, an acid 
concentration corresponding to 27.5% arsenic pent oxide. 
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NOTE. 

Correction—The diagram on page 70 Janawy, Jpso, 3 °“**' 

was inverted. The correct orientation is shown herewith. 

H. w. Foots* 
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QUANTITATIVE DETERMINATION OF TRACES OF DICHLORO- 
ETHYLSULFIDE (MUSTARD GAS) IN AIR. 1 

By Max Yabuck, G St J. Fsmoti and N. H Furman 
ketxrvtti Mirch 19, { 9 19 

A Nephelometric Method Using Seleaioua Add. 

This paper deals with a very sensitive method for analyzing air mix¬ 
tures containing traces oi dicbkvo-ethylsnlfide. The method was devel¬ 
oped as the result of a need for a qualitative test for mustard gas which 
should indicate the presence of dangerous amounts of the substance in 
the air, When it is known that concentrations of the vapor as low as 
0.0005 mg. per liter (0.08 p. p. m.) will cause discomfort on exposure lor 
25 minutes and concentrations between 0.001 mg. per liter and 0.005 
mg. per liter (0.2 p. p. m and o 8 p. p m) mil cause skin bums if ex¬ 
posure is as long as 30 minutes, it can be seen that an extremely delicate 
inventor is necessary to vie in sensitivity with the physiological test 

add in 3 !’ the n eth ° d ‘ StS iB redud «6 a r % solution of seteniotw 

an orauule if 1 T"* ° f th ‘‘ dithl ^-^ylsulfi<k vapor to 

an^ge- ed suspensmn of selenium, the solution being heated toVboat 

JL » I™ T 0 *™ In thi5 wa y amount* of the sub*L» as 
low as 0.005 mg. can be detected. « 

1 Appmved for Public^ by ete JW* of U* Chtn)k!ll 
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amount of the suspension produced is nearly directly proportional 
to the amount of dichloro-ethylsulfide present. Amounts of the compound 
from 0.10 mg. to 0.01 mg. can be estimated with a fair degree of accuracy 
by nephekimetry. 

The method has had a variety of uses, among which may be mentioned 
the detection of the presence of mustard gas in field and factory, securing 
of quantitative data as to the persistency of the gas over contaminated 
soil, and determining the permeability of protective fabrics to the vapor 
and liquid. 

Schulze 1 first prepared a hydrosol of selenium in 1885 by reduction of 
a solution of selenious acid with sulfurous acid (iSeO*: 2SOs) 

HjSeCb + zlljSOj * 2H-SO4 + H s O + Se 

With changed proportions, reduction is incomplete. When an excess 
of sulfur dioxide is present IljSeSsO* is formed, with excess of selenium 
dioxide HsSetSO* is formed. The reaction takes place more completely 
in the presence of hydrochloric acid. Hydroxylarnine and hydrazine 
salts also reduce selenious acid with precipitation of metallic selenium.* 
Glucose, formic acid, formaldehyde and a numlier of organic acids and 
aldehydes have been found to have a similar action. 1 

We have not investigated the mechanism of the reduction of our selen¬ 
ious arid reagent by dichloro-ethylsulfide. A possible explanation is that 
the nascent sulfur dioxide set free by the reaction between warm sulfuric 
acid and dichloro-ethylsulfule effects the reduction. The decomposition 
products of the dichloro-ethylsulfide may possibly play some part in the 
reaction. 

Apparatus and Solutions Used. 

In our work the nephelometric comparison method described by Kober 
has been employed. 4 A nepheloraeter colorimeter made by the Klett 
Manufacturing Co., New York City, was used- 

in order to estimate the strength of suspensions produced by unknown 
amounts of vapor it was necessary to devise some means of preparing 
reproducible standard suspensions equivalent to known amounts of the 
vapor. For this purpose standard solutions of dichloro-ethylsulfide were 
prepared as follows: I. A stock solution made by dissolving about 
0.01 g. dichloro-ethylsulfide in too cc. of cold «: t (by volume) sulfuric 
acidi II. For use, 10 cc. of Solution I was diluted to 100 cc. with cold t: 1 
sulfuric acid. This solution was found to remain unchanged for several 
weeks. 

* H. Schulze, /, prajtl Ckm , |sj 32, 390-407 (1S85), 

* Jannasch and Mtiller. Bet., 31, 2388 (189S). 

* Oechsner, de Comnck and Chauvcuet, Com pi. rend,. 141, 1234 (1903), 

4 /. M, But, Ckm ., 10,556-63 O91S) 
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100 cc. of cold I: i sulfuric add. tQ prepare standard 

The solutions of dichloro-ethylsulfi range o{ we i g hts of 

*»!»»»“ of sekata» „hicb «u > 

dkhloro-ethylsulfide per 20 cc. of the suspension m 

fj se of K.,b.b»«« ..d Mbtbod for Obt^ta, . Sf»tad 
Curve. 

In preparing the nephelometric curve shown in Fig. i, smtab ^*^ 
of Solution II were pipetted out so that the selenium suspenses 

Za in , , < 0 0 0.8, etc., times the value of the standard. The 
^dard suspension corresponded to 0.045 mg- of dichloro ethylsulfide 



Fig. 


The method of preparing the standard and other suspensions may be 
illustrated from the following data. 

Dichloro-ethylsulfide Solution I contained 0.0078 g. per 100 cc. Dichloro¬ 
ethylsulfide Solution II contained 0.00078 g. per 100 cc. Therefore, 5.8 
cc. of Solution II contained 0.045 uig. of dichloro-ethylsulfide. To 5.8 
cc. of dichloro-ethylsulfide Solution II were added 4.2 cc. of 1: 1 sulfuric 
aicd and 10 cc. of selemous acid reagent. The resulting mixture ni 
agitated until uniform. It was then maintained at 85 0 =*»5 0 for 10 min¬ 
utes, and cooled to room temperature. 

The resulting selenium suspension was then placed in both cup* of 
the nepheiometer, the left-hand platform being set at 10 mm. The 
reading of the right-hand platform was taken after adjusting the h ei g ht 
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of the column of liquid until equal intensity of illumination was obtained 
in both fields of the eyepiece. 

In the right-hand cups were then placed suspensions containing 2 jd, 
1.9, 1.5, etc., 0.9, 0.8, etc., times as much dichloro-ethylsulfide per 20 cc. 
as the standard contained, the respective readings being noted. 

In each case the cup was rinsed with 3 portions of the solution to be 
tested, and the outside of the cup washed with distilled water and dried 
before the readings were taken. 

In Fig. 1 is a curve obtained by plotting the mean of readings taken on 
different days, and upon standards made from several different dichlonj*. 
ethylsulfide solutions. The hypothetical curve is based on the assunwgl 
ticrn that the scale reading varies inversely as the amount of suspended 
material present. 

The close proximity of the two curves indicates that the reaction between 
selenious acid and dichloro-ethylsulfide is very nearly complete under the 
conditions outlined. 


A few results will serve to show the consistency of the readings. 




Ratio of standard solution to solution ut riefet. 

Date 

ay iiuuiDC 
volution 

1 1 

1 05 

1 0 2 . 

July 25 

A 

11 1 

.7 8 

30.5 

July 16 

A 

10 7 

. 


July 29 

B 

10 ^ 



July 30 

. B 

11 3 

10 9 

17-5 

17.2 

33-0 

33 O 

Aug 8 . 

C 

10 0 

17 0 

33 O 

Aug. 12. . . 

V 

10 7 

16 0 

30 0 

Aug 14 

D 

10 S 

17 0 



Solutions were prepared by one observer, in a manner similar to that 
in which the solutions mentioned above were made, and the readings 
were taken by another observer. 



Dlcbloeo'C tby isui- 

I JicMoro-ethylsul- 

Error. 


Ode taken Mfc 

6d* found. M|, 

“*■ 

1.. 

0 04.50 

0.0428 

— 0.0032 

*. 


0.0347 

4-0.0035 

3. 

. 0.0234 

0.0143 

+0.0009 

*. 

. 0 0150 

0.0170 

+0.0020 

3.. 

. .. 0 0078 

0,0079 

+0 OOOI 


\ 

After the foregoing method for determining the strength of solutions 
of dichloro-ethylsulfide had been worked out, our attention was turned 
to the question of estimating amounts of the vapor present in air-di- 
chloro-ethylsulfide mixtures and to find insofar as our limited time al¬ 
lowed the optimum conditions for absorption which should best combine 
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Factors Affecting Accuracy of Method. 

Several series of experiments were run, first to determine the repro¬ 
ducibility of the standard method using a i% solution of selenium dioxide 
in i: i sulfuric acid ; second, to determine the effect of varying the amount 
of sulfuric acid in the cold absorbing solution; third, to find the effect 
of varying the strength of an aqueous solution of selenium dioxide; fourth, 
to determine the stability of the selenious acid solution and of the di- 
chloro-ethylsulfide solution used in preparing standard suspensions. 
Unavoidable circumstances have prevented our making the investiga¬ 
tion complete. We are able to say, however, that we have developed 
& quantitative method for determining amounts of dichloro-ethylsulfide 
% air from o.i mg. to o.oi mg. with a maximum error of about 0.005 mg. 

Apparatus Used in Producing Low Concentration of Dichloro-ethyl¬ 
sulfide Vapor. 

The apparatus shown in the figure was arranged to deliver one liter 
per minute oi an air mixture containing about one part per million of 
dichloro-ethylsulfide 



a.—constant pressure bottle 
A—air-purifying bottle 
0—flow meter 


Fig , 

d mustard bubbler m bath at ao°. 
r - -elemou' acid bubbler m lath at 8J*. 
/—mixing jar 


acid and a charcoal soda lime P f , b> pass,f, £ thro “gh sulfuric 

at a rate of r 1 ce.' “ ***** U,rou K h ^ ^ »» bulb D 

saturated air passes into the me *? Ur& * by , the fl °wmeter C.‘ The 
pure air sufficient to bring the witlfe flo^uD t ^ * ** With 

measured by the flowmeter C Th UP * 1000 cc ' *** minut e as 
“»4 »g. per liter,. „o. T*** * 

bubblers E. P ' hugh tJ,e absorbing solution in the 


determinations described later " 5 silffhtf - v ffom th ® figure were used in several 

’ Canted from Bntish data on van™ 

POT r,reMUrt of ffichlo^thytoUfefa, 
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Treatment of Absorbing Solutions. 

Ten cc. of the absorbing agent used is placed in the bubbler and the mix¬ 
ture passed through it for 10 minutes. Ten cc. of a solution of selenious 
add in sulfuric add is then added, the sulfuric add being of such strength 
as to make the resulting mixture 1:1 sulfuric add and the selenious add 
present in the same per cent, as in the original 10 cc. of absorbing agent; 
for example, if 10 cc. of a 1% solution of selenium dioxide in water were 
used as the absorbing medium, then 10 cc. of a i°/ t solution of selenium 
dioxide in cone, sulfuric add is added making 20 cc. of a 1% solution 
of selenium dioxide in 1: 1 sulfuric acid. 

The solution is then heated for 10 minutes in a bath at 85", cooled, and 
the strength estimated by comparison with a standard solution prepared 
as previously described. Data are give^t in terms of milligrams per liter, 
t. e., 1 /io of the actual amount of dich 1 oro-ethvLsulfide measured. 

1. Using a solution of 1% selenium dioxide in 1:1 sulfuric add, to 
find the effect of passing the vapor through the hot and cold solution. 


Hot ftolutton 
/liter 

IVviatioa 
from mean 

Hot rotution, 
nig /liter 

Deviation 
from mean 

O 0063 

-fo OOOl 

O OO56 

—O 0003 

O 0062 

- O OOOO 

O OO61 

-O 0002 

O 0067 

+0 0005 

O 0053 

—O 0006 

0 0058 

—0.0004 

O 0063 

+0 0004 

0 0060 

— 0.00m 

O.OO58 

—0.0001 

0 0063 

+0.0001 

0 ooOo 

+0 0001 

0 0063 

+0 0003 

0 0062 

+0.0003 

Av.. 0 0063 

O 0002 

0 0059 

0 0003 


Solutions heated 10 min at 85’ before lairing nephelometric readings. 

Amount actually present as calculated from vapor-pressure measurement « 
0.0061 * 0.0004 

From the above data it is evident that there is no apparent difference 
between results when hot and cold selenious sulfuric acid solutions are 
used as absorbents. 

a. To find the effect of varying the amount of sulfuric acid in cotd 
selenious sulfuric acid solution. 

Results show less deviation from the mean and more closely approach 
the theoretical, when sulfuric acid is present in the original absorbing 
solution. 

3.«To find the effect of increasing the strength of a water solution of 
selenium dioxide. 

It had been noticed in a qualitative way that very concentrated water 
solutions of selenium dioxide gave a heavier precipitate for an equal 
amount of dichloro-ethylsulfide than did dilute solutions. To find the 
magnitude of this change in sensitivity, a concentration of 0.0062 mg. 
per liter of dichloro-ethylsulfide was passed through water solutions 
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\% StOi in 
cone HpSOa. 
mg./liter 

Deviation 
from mean 

1 % SeO* in 

J 1 HifeOa, 
mg Alter 

Deviation 
from mean 

1%8eO, 

In H.0, 
mg /liter 

Deviation 
from mean. 

O 0058 

4-0 0004 

0 0053 

—0 0005 

a 0063 

—O.OOIO 

0 0051 

—0 0003 

0 0060 

4o 0002 

0 0081 

40 0008 

O OO53 

—0 0001 

0 0068 

4 o 0010 

0 0077 

+0 0004 

0 0061 

40 0007 

0 0057 

—0 0001 

0 0069 

—0.0004 

0 0060 

40 0006 

0 0059 

4o 0001 

0 0091 

4o 00l8 

0 0059 

4o 0005 

0 0055 

—0 0003 

0 0068 

—0 0005 

O OO47 

—0 0007 

0 0062 

4o 0004 

0 0074 

4o ooox 

O OO48 

—0 0006 

0 0061 

4o 0003 

0 0082 

4 o 0009 

O OO53 

—0 0001 

0 0060 

4o 0002 

0 0063 

—0 0008 

O 0050 

—0 0004 

0 0054 

— 0 000 j 

0 0063 

— 0.00X0 

Av, 0 0034 

0 0004 

0 oos8 

0 0004 

O 0073 

0 0008 


Amount actually present cajcul^fed from vapor-pressure measurements m 


o 0062 ** o 0004 

Not b— The solutions alter absorbing the vapor were made to contain 
r I ff^Oo heated for to minutes at 8.5° and cooled before being read with the 
nepheJometex 


of different strengths of selenious add for to minutes and the resulting 
solution developed as before and estimated in comparison with a standard 
suspension made from a 1 % selenious acid solution In this way we 
obtained figures indicating the relative amounts of suspension produced 
^ solutions by a constant quantity of dichloro-ethyl- 
sulfide. Experiments were run both with the solution hot and cold 
during absorption. Each result is the average of 5 determinations. 


0x1063 mg /liter present 
_ Amount found 


% SeO> 
10,00 
5.00 
4.00 
3.00 
3.00 
leOO 

o JO 
O 35 
o 125 


Solution, hot, 
mg./htcr 

O.O380 
O 0313 

o 0x84 
o 0130 
o 0093 
o 0067 
O 0033 
o 0014 
O 0012 


I'rrof 

4*0 0318 
+0 0151 
4*0 0 X 23 
4“0 0068 
4-0 003 x 
4 -o 0005 
—o 0029 
—o 0048 
—0 0050 


Solution cold, 
ms /n l« 

O oo;a 
O 0078 
O OO79 
o 0074 
o 0069 
o 0064 
o 0053 
O 0049 
O 0037 


Erw 

+0 0010 
+0 0016 
+0 0017 
+ 0.0012 
+0 0007 
+0 0003 
—O 0009 
—o 0013 

>.0033 


10% solution gives about 10 Z f dloxld<: “» water. The 
by the method first described where 38 a , suspension 88 & obtained 
in l:> sulfuric«id IZOldt dtaa * 

«nw LnotS T u l ^ 8 P ° C ” t ‘ 8 ”’ t ”- 

fenesal results using aqueous solutions m 5 °%’ and te 

■» any degree Us^a « n <* 

^ Usm * 8 cold aqueous solution, the differ- 
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ence is very much less marked, the 10% solution giving only about 1.3 
greater density of suspension than the standard. 

4. Aging of the selenious add solution. 

1% SeOt in 1; 1 H«SO, in each case 0.05J mg. of dichloro-ethylsulfide was actually 


prawnt. 

Solution made Oct 24 Solution made Oct. 16. 
Date of teat. Mg Mg. 

Oct. 34 . O.OjB 0.053 

Oct 25.... 0.057 o°S 9 

Oct 18... ... 0.058 0.057 

Oct 29. 0055 0 .053 

Oct 30. 0.055 0.052 


This aeries of results was obtained by passing air-dichloco-cthylsuifide mixture 
from the standard machine through 20 cc. of selenium acid solution contained in the 
bubbler and kept in a bath at 85 *. Each figure is the average of 5 determinations. 

Data show that the selenious add solution should not be used until 
24 hours after it is made up, but that after this time the solution is stable 
for at least two weeks. 

5. Aging of standard solution of dichloro-ethylsulfide. 

A standard solution of dichloro-ethylsulfide was made up as previously 
described. This was tested at intervals of one week by comparison with 
a suspension of selenium made by passing 0.045 mg. of diehloro-ethyl- 
sulfide vapor into 20 cc. of selenious add reagent as previously set forth. 
This was then compared with a suspension made by adding an amount 
of the standard solution containing 0.045 K- of dichloro-ethylsulfide to 
10 cc. of the selenious add reagent and making the whole up to 20 cc. 
with 1:1 sulfuric acid. The same procedure was carried out with a 
standard solution made up the same day. Each figure is an average of 
5 determinations. 



Amount 

Amount found, using 

Age of xtenda/d. 

found 

frexhiv m»de standard. 

Week*. 

M* 

Ms. 

1 . 

. O.O46 

0.046 

a. 

. 0 045 

0045 

3 ... 

.- . O 04a 

0.046 

4. ... 


0 <v»* 


Variations are within the experimental error of the method. Appar¬ 
ently little deterioration of the standard solution takes place over a period 
of 4 weeks. 

, Discussion. 

The temperature at which the solution is heated in process of "develop¬ 
ing*’ can vary 5 0 in either direction without affecting the character of 
the suspension. The method is remarkably free from the necessity for 
extreme parity of original solutions, cleanliness of glassware, etc., which 
obtains in silver halide nephelometry. 

Attempts to determine the strength of rite suspension colorimetrically 
w ere, not weoesshiL * 
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- It was not found possible to use good solvents for dichloro-ethylsulfide 
as absorbing solutions and then determine the strength by our method, 
for the reason that the only suitable solvents (alcohol and acetic acid) 
reduced the selenious acid to some extent. 

The selenious acid reagent is not specific to mustard gas. Arsine and 
the substituted arsines and several other U>\u gases react with it 
vigorously, 

Selenious add may have a possible use as an indicator in oxidation- 
reduction reactions. 

We wish to express our appreciation of the noil of A. E. Plumb, who 
made a great many of the determinations. 

Summary. 

A solution of selenious add in i i sulfuric acid is reduced by traces 
of dichloro-ethylsulfide giving an orange red suspension of selenium. 
About 0,005 mg. of dichloro-ethylsulfide c.m be duet ted in this manner. 
A nephelometric procedure for determining amounts of the substance 
between 0,1 mg. and 0.01 mg. with a maximum error ot 0.00c rntr. has 
been developed. 

Washington, d c 


(Contribution from n, s Research Labor/.tori the Usbuai Klsctwc Com¬ 
pany ) 

THE OCTET THEORY OF VALENCE AND ITS APPLICATIONS 
WITH SPECIAL REFERENCE TO ORGANIC 
NITROGEN COMPOUNDS. 

By Irving Langmuir 

Rwived July 7 I'll') 

The octet theory of ^alence 1 IotiIc 1,. , 

compounds which are identical with those , ™ ^ 'T™ 

ttmry vhmmer w« ™ a„un ! , „ ,} . ' ' "“S' v,ta « 

fot M,< " c " - ..ET£ 

? * «- -— 

of the group in the periodic system Tin'TV" the wlinal Prober 

r „ N ‘ U **‘ ln: * loos,,. ,s r Ntl!r| Tv of octets famed 

(■«.;... fae. km £ *£ * % r . fa**. m .. 
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from these electrons, and let p be the number of pairs of electrons which 
the octets share with one another. Since every pair of electrons thus 
shared reduces by two the number of electrons required to form the mole¬ 
cule, we are led to the "octet equation.” 

P « '/,(&» - e). (i) 

Bach pair of electrons held in common by two octets corresponds to a 
covalence bond. In addition to bonds given by this equation there are 
those corresponding to pairs of electrons which hold hydrogen nuclei. 
Thus if H represents the numl>er of hydrogen atoms in a molecule, the 
total numlser of covalence bonds i in the molecule is 

v = p + «• (2) 

Let C, N, A* and Cl represent, respectively, the numbers of carbon, nitrogen, 
oxygen and chlorine atoms in the molecule. liquation 1 thus gives 

2 p a* 8(C 4 - A -f A + < 0 ' ~ (-1* + 5A’ -f 6A + ~Cl + H). (3) 

Simplifying and substituting in (2) we obtain 

= 4<" + ,t.V -f 2.V + Cl + H. (4) 

We are also led to this equation if we calculate, by the ordinary valence 
theory, the total number of valence bonds in a molecule, assuming the 
Valencia to be, respectively. 4, 3, 2 and 1 for carbon, nitrogen, oxygen and 
chlorine. These valences are Alwgg’s eountervalences and are each equal 
to 8 —E. The factor 2 in the first term of Equation 4 results from the fact 
that in adding 46', 3<V, etc., we count each bond twice. 

It is thus proved that any formula written in accordance with the ordi¬ 
nary valence theory will lx- in agreement with the octet theory, if we take 
the valence of hydrogen as unity and that of each other atom as 8— E. 
On the other hand, it is apparent that with valences other than 8 — E, the 
ordinary valence theory leads to results different from those of the octet 
theory. It is the object of this paper to deal especially with cases of this 
kind. 

As the first example, let us consider sodium chloride. For sodium 8 — E, 
is 7 while the ordinary valence theory assumes a valence of unity. Ap¬ 
plying the octet theory to sodium chloride, we place * = r -F 7 • 8. The 
chlorine atom forms an octet, but we cannot reasonably assume that the 
sodiam takes tip 7 more electrons to complete an octet. Therefore, 
m m i and Equation 1 gives p ■* o. The covalences of chlorine and sodium 
hi this compound are thus each zero. But since « «* 1 the chlorine atom 
must have a complete octet and must, therefore, be negatively charged. 
Similarly the sodium atom, having lost its extra electron, will be positively 
charged. The atoms are held together by electrostatic forces even without 
sharing electrons. This result is eminently satisfactory, for it explains 
at once why X-ray crystal analysis gives no evidence of molecules of sodium 
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state. This theory, however, does not indicate that sodium and chlorine 
ions should never be held together in pairs. The vapor of sodium chloride 
and solutions in non-ionizing solvents may well contain such pairs or 
molecules held together by the attraction of the ions, but even in this case 
the covalence would be zero. This conception seems more useful than one 
in which the valence is taken as the number of electrons transferred from 
one atom to the other In the cases just considered it is so obvious that 
the two ions will tend to be drawn together by their electrostatic attrac¬ 
tion, that we hardly need to use the conception of valence to describe the 
attraction. 

This theory is in full accord with the theory of S R. Milner 1 in which 
he argues that the ions in solutions of strong electrolytes arc never as¬ 
sociated into molecules, but that pairs of ioris which arc tuuporarily 
near together may act as if bound together electrostatically This theory 
explains the failure of Ostwaid’s dilution law for strong electrolytes, and is 
quantitatively in agreement with the best experimental data on tile con¬ 
ductivity of electrolytes Almost identical theories of strong electrolytes 
have been developed recently by Bjemmri and by Ghosh * 


As a second example let us consider the structure of ammonium chloride, 
a typical case in which the nitrogen is certainly not tervafcnt Hem 
e = 16, n = 2 and we obtain by Equation 1 , p - o This means that the 
nitrogen and the chlorine octets do not hold electrons m common. If 
we consider that the 4 hydrogen nuclei are at first detached from the 
nitrogen and chlorine octets, then the nitrogen atom would have an ex¬ 
cess of 3 negative charges, and the chlorine one negative charge The 
hydrogen nuclei can distribute themselves between the two cadets in such 
a way as to render them electrically neutral if 3 hydrogen nuclei am bound 
y 3 pairs o, electrons in the nitrogen octet, while the fourth hydrogen 

TV mrnmZ » “ T* “ > «*»«» 

but that of the nitrogen atom is a Ti™ . ^ ^ C0VaJ «®«» ot zero, 

“ °™ «a«l> lit, that „l the n,.tha„‘' 7*1”™ <<* 

» charge „ , h , ™ b “ fcr O' JUT^ax 

ion and methane is described b v ih* ? UWShlp 1,{rtw «in the ammonium 
^ of value in correlating the 

' «-■**.«, JS< a* P«Uai»aZ 
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tie ammonium ions with that between argon and methane. 1 The same 
kind of reasoning can be used to explain the fact that the ammonium 
ion resembles the potassium ion more closely than it does the sodium ion. 
The sodium ion has a structure like the neon atom, but neon differs from 
methane much more than argon does, so we should expect the sodium ion 
to show similar differences from the ammonium ion. 'Hie low boiling 
points of argon and methane show that the external field around these mole¬ 
cules (or atoms) must be very small. There should then be no strong 
forces around the potassium and ammonium ions except those due to the 
electrostatic charge The markedly different properties of the silver km 
proves that in other cases there are forces of a different kind winch are of 
importance in determining the pnjperties The sih er ion is related to the 
palladium atom as the potassium ion is to argon, and the great difference 
between argon and palladium corresponds to the difference between the 
potassium and silver ions. 

From the examples just cited it is clear that the octet theory applies 
satisf actorily even when the valence of atoms is not equal to 8— E. In 
these cases structural formulas are obtained quite different from those 
the ordinary valence theory of organic chemistry, but they are in 
perfect agreement with the properties of the compounds. It is true 
that Werner’s theory leads to the correct constitution of ammonium 
compounds, but only by making a large number of assumptions of a quite 
different kind from those on which the organic structural formulas are 
based. The particular merit of the octet theory is that it gives a single 
simple theory which includes the extreme types of compounds represented 
by organic compounds, the alkali halides, and so called complex compounds. 

The octet theory as expressed by Equation i is, of course, not 
capable of showing distinctions between compounds of two elements which 
have the same number of electrons in their shells, as for example between 
nitrogen and phosphorus. However, as was pointed out in the previous 
paper, the theory can be supplemented by certain more or less empirical 
rules regarding the covalence of the various elements. The general study 
<rf compounds by the octet theory has shown the following covalences: 

The inert gases, alkali and alkaline earth metals, zero. Carbon, 4 in 
aft ordinary organic compounds, but in some cases the covalence may be 
3 a* for example in calcium carbide, tripbenylmethyl sodium and many 
other triphenylroethyl derivatives. Nitrogen, usually 3, but 4 in moat 
compounds where quinque\akat nitrogen has been assumed, and aka 
* few compounds. Oxygen, 1, a or sometimes 3 (is peroxides). Fluorine, 
zero or 1 Phosphorus, usually 4, sometimes 3 and rarely aero. Sulfur 
rad chlorine may have ray values from zero to 4. 

According to the ordinary theory the valences of an element usually 
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increase by steps of two, thus nitrogen and phosphorus are supposed to 
have valences of 3 and 5; sulfur, 2, 4 and 6, chlorine, 1, 3, 5 arid 7, etc. 
According to the octet theory, however, where the covalence is variable, 
its value increases by steps of one. The double steps of the ordinary 
theory are due to the fact that the total number of electrons, e, must be 
an even number according to Equation 2, so that where univalent elements 
are added two atoms must be added at a time. It is well known that 
oxygen atoms are added singly as in HNO*, HNOj, HC 10 , HC 10 s, HCIO, 
and HClOj. The ordinary theory assumes that these are held by double 
bonds, while the octet theory shows that they are held by single pairs of 
electrons. 


Tercovalent Nitrogen. 

It was shown by Equation 4 that the structural formulas written ac¬ 
cording to the ordinary theory are always in accord with the octet theory 
when the valence of nitrogen is 3. Let us see, however, what light the 
octet theory throws on the stereoisomerism of nitrogen compounds. 

In the previous paper reasons were given for believing that when the 
8 electrons in an octet are not shared by other atoms they are normally 
ammged at the comers of a cube A pair of electrons held in common 
by two atoms, however, acts as though it were located at a point. When 
an atom has a covalence of 4 the 8 electrons in its octet are, therefore 
drawn together into 4 pairs which arrange themselves symmetrically at 

the comers of a regular tetrahedron. As 
Lewis already pointed out, stereoisomerism 
of carbon compounds is thus hilly ex¬ 
plained The same reasoning applies to 
atoms of nitrogen, phosphorus, sulfur, etc., 
whenever these atoms are quadrieovalcnt’ 
so that stereoisomers are obtained under 
he same structural conditions as with car¬ 
bon compounds. The experimental facto 
are in full accord with this conclusion, 

When only 3 pairs ol electrons in an octet 

Z S :; d r ShC ‘ Uld CXpm “ arrangement 

The 3 pairs of electrons A B a „Vr ST" dla S ram ™a'-icaIty in Fig. 
bonds are arranged in space approximately lik^^T 1 * 1 U> 3 cova!enc * 
fourth 

This arrangement of the 3 bonds in ? d * thc un! *ared pair, D. 
»< ww.. 0.*, .hfoh*“ *£*«* . 
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recent theory 1 assumes an identical arrangement of the valence bonds. 
For a full discussion of the evidence in favor of this arrangement Neogi’s 
paper should be consulted. 

The absence of isomers among amines containing 3 different groups is 
not inconsistent with this theory, for it can be satisfactorily explained by 
a mobility of the groups caused by the presence of the unshared pair of 
electrons at D Thus, in a compound N'RiRjR, each of the 3 alkyl groups 
holds a pair of electrons in common with the nitrogen atom, but the nitro¬ 
gen atom has another pair of electrons (D in Fig. 1) which is not shared. 
We may assume that the alkyl groups arc able to shift into the unoccupied 
position while the pair of electrons has mobility enough to allow it to oc¬ 
cupy the position just vacated by the alkyl group. This could occur with¬ 
out the alkyl radical becoming detached from the nitrogen atom at any 
time. A similar mobility would not exist if all 4 pairs of electrons were 
shared. Stereoisomers among compounds of tervalent nitrogen are ob¬ 
served only when the nitrogen is held by a double bond, that is, when two 
of its pairs of electrons, as for example B and C in Fig. l, are shared by a 
single other atom. Such a behavior seems quite reasonable on the basis 
of this structure. With the double covalence bond it is natural that new 
constraints should be called into existence in tire atom and that the mobility 
of its other electrons should be decreased. 

Quadricovalent Nitrogen, Etc. 

The structure of tetramelhyl ammonium hydroxide, (CHlj)*NOH is 
found by placing e *» 40; n ~ 6 which gives p *» 4. The nitrogen is thus 
quadrfcovalent (as in the ammonium ion) and the hydroxyl bn exists as 
a negative bn which does not share electrons wtth the ammonium radical. 
It is thus completely ionized in solution and is, therefore, a strong base. 
Of course any other negative ion can take the place of the hydroxyl bn. 

In applying the octet theory to the structure of organic compounds 
it is usually convenient to consider the different parts of molecules sep¬ 
arately. We can accomplish this by letting R, R', etc., represent univalent 
radicals and assuming that for each radical E *= 7 and » => 1. For ex¬ 
ample, the radical C s Hs in a molecule really contributes 19 electrons to 
e and 3 octets to h If we replace this by R we add only 7 electrons to e 
iifctead of J9 and one octet to tt instead of 3. This decreases a in Equa¬ 
tion 2 by 2 units and decreases t by 12 units. The result is that the value 
of p found by the equatbn is decreased by 2 units, i. V* (16 — 12). But 
since 2 pairs of electrons must be shared between octets in C*H» while 
none arc needed for R, it is evident that we have not aflected the value 
of p for the remainder of the molecule by substituting R for C»H?. This 
reasoning will be found to hold whenever R represents any univalent 
radical. For a divalent radical we can place E * 6, n - 1. 
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According to this theory the substituted ammonium compounds should 
stow isomerism exactly like that of carbon compounds, since the nitrogen 
is quadricovalent. This is in full accord with Werners theory and with 
all the experimental data Neogi 1 raises an objection to Werner s theory 
on the grounds that the latter "has postulated the existence of as many 
as three kinds of valence, vis:., (0 principal, (2) subsidiary valences of 
nitrogen, and (3) residual valence of the ammonium group,” It is seen 
that the present theoiy reaches a conclusion essentially similar to Wer¬ 
ner’s without making any additional assumptions regarding valence. The 
octet theory thus remoses the objections that have been raised against 
Werner’s theory- Neogi’s own assumption of a tetrahedral nitrogen atom 
is, of course, in full agreement with the octet theory, but his assumption 
of a fifth bond "attached to the nitrogen by principal valences, though 
four of them are in the inner zone and the fifth is in the outer zone” is 
entirely unnecessary and introduces needless complication. Neogi 
states that “there is no escape from acknowledging the pentavalence of 
nitrogen as in the amine-oxides O'NRiRjRj ” The octet theory gives 
for the amine-oxides e — 32, « = 5 and p = 4. Thus the nitrogen is 
quadricovalent and it is entirely unnecessary to assume qumquevalent 
nitrogen. The octet theory thus greatly simplifies our conception of the 
structure of compounds of this type The amine oxides should, of course, 
exist in two optically isomeric forms whenever the 3 substituted radicals 
are different, just as in other cases of quadricovalent nitrogen. Neogi 
by arbitrary assumptions explains the isomerism of these oxides, but states 
that none of the other theories of the stereoisomerism of nitrogen compound 
is able to do so. 

The isomeric compounds (Me,NOR)OR, and (Me,NOR,)OR prepared 
by Meisenheimer 5 are satisfactorily explained by the octet theory. One 
of the OR radicals exists as a negative ion as in the aicoholates, while the 
other shares a pair of electrons with the nitrogen atom. 

One fundamental objection to Neogi’s theory is that it gives no ade- 

° n!y radicals ca P abk of fuming negative ions can be 
held by the fifth bond * 


The octet theory throws a great deal of light on the properties of am¬ 
monium compounds. Since in typical ammonium salts the NH, group 

8,l T ,' cl °"' >*«« a. 

°™"’ " “ “ mmoulu " 1 «m< potasinm nlu is m 

'Ann., 397, 273119,3) 

* The absence of optical isomers of the substituted • .... 

compounds referred to by Neogi on p 6 iS of hi. „ 14 and quinolmium 
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(act very striking, but in certain other respects such as vapor pressures, 
melting points, etc., there are often striking differences. Ammonium 
chloride sublimes without melting at about 340° at atmospheric pressure, 
while the corresponding potassium salt melts at 772°, and boils only at 
very much higher temperatures. It is probable that this difference is 
due to the dissociation into ammonia and hydrogen chloride although this 
simple ass\ .option does not wholly account for the facts since perfectly 
dry ammonium chloride is said to vaporize without dissociation. How¬ 
ever, the total vapor pressure at a given temperature has been found to 
be the same whether or not the vapor is dissociated . 1 This seemingly 
incomprehensible result probably indicates that something closely related 
to dissociation does occur even when the vapor density corresponds to that 
of ammonium chloride, and that in any case the so-called “undissodated” 
vapor probably has molecules of a quite different structure from those 
that would be obtained from potassium chloride. It would seem that a 
study of the dielectric constants of the “dissociated" and "undissodated" 
vapors and possibly their electric conductivities or ionizing potentials 
might clear up these puzzling questions. 

The failure to obtain the ammonium halides in the molten condition 
is wliat is to be expected by the octet theory. 1 There are, however, other 
ammonium salts which melt at rather low temperatures compared to the 
corresponding potassium salts. As examples let us consider ammonium 
nitrate which melts at 166° while potassium nitrate melts at 337°, and 
ammonium trinitrak, which melts at no®. 

Applying the octet equation to ammonium nitrate we find p - 4. 
This leads to the following possible arrangements- 

r o -j - o 

to) NH,* [O-N-O J ; (6) NH, + O—N-OH 

H 

HO H OH 

(c) HN — O—N — O or <rf) HN—N—O. 

H HO 

* Abegg, Z, phyiik, Chem,, 61, 455 (1908), and subsequent papers by van hoar, 
Wegschcider and Scheffer, 

1 With the assistance of Miss Katharine Blodgett, I have found that pure ammonium 
chloride, waled up in a small, heavy-wailed Pyrtx glass tube and heated, melts to a dear 
liquid at about j$o°. By plotting the logarithms of the vapor pressures, measured by 
Smith and Calvert, Tut* Journal. 36,1373 (1914). against the reciprocals of the cone- 
•ponding absolute temperatures a straight line was obtained. Extrapolation along this 
tine give* the vapor pressure of ammonium chloride at 550° as 66 atmospheres. The 
ratio between the melting point of ammonium chloride <Sa 3* K.) and that of potassium 
chloride (<043* K.) is not greatly different from the ratio between the melting point 
of ammonium hydrogen sulfate (413* K.) and that of potassium hydrogen sulfate 
(# 13 * K.), The lower melting point of the ammonium salts and their somewhat 
*r\Mer solubilities art probably to be accounted for by the tetrahedral shape of the 
ammonium ion (like that of the methane ««*«•««-' — --- -*- 
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Structure (a) corresponds to the salt type ; this should have a melting 
point comparable with that of potassium nitrate. 

Structure (b) corresponds to a possible dissociation into nitric acid and 
ammonia. 

Structures (c) and (d) suggested by the octet theory are quite inconsistent 
with the ordinary valence theory. The uniting of anhydrous ammonium 
nitrate perhaps depends, however, upon the formation of one or both of 
these tautomeric products. 

Upon heating, (c) should give :>]M> 4 - N 0=N, vliile id) should give 
aHjO + N=N= 0 . These constitutions thus explain the formation of 
nitrous oxide. 

We shall see from data to be given further on that tliei e is good evidence 
that nitrous oxide is represented by the structure N'~N"*0, There¬ 
fore, molten ammonium nitrate probably contains some molecules having 
the structure 

H 

H O 

HN-N-0 
H O 

It is to be expected that molecules of this type have relatively weak 
external fields of force as compared to XIV No,-. 

In a similar way the melting of XH 4 \ 3 at uo° is, perhaps, to be 
ascribed to the formation of molecules of the structure 




HN—N—N—N 


H 


According to the above hypothesis the difference between the melting 
pornts of the ammonium salts and the corresponding potassium sails is dc 

Sffate b° n PreSenCC ° f u 0Ub,Cbondsw theanionof tl,eacid ' Ammonium 
a ojn * has “ a " 10n ln f whlch there art 'double bonds, and the central 
atom has a covalence of 4. It is, therefore, not possible for the ammonia 

t0 the : uifate ifjn in the ™ 

“ IOn : therefore, we should expect ammonium sulfate to have a 
melting point only a little lower than that of potassium sulfate 

themdt° St w °/ phyS ' Ca{ constailts *nd liandbooks like Abe«’s riw 
the melting point of ammonium sulfate a* nn° ts , KRsgtve 

so radically inconsistent with the octet thcorv thatT * at f^ COtS sctaned 

data by experiment. It was found th t • Wai> ^ to test the 

practically unchanged until heated to hH.\ mwm sulfat « remained 

giving off ammoTr^ V ? 1 ^ 

Subsequently I found tha^ktik 1 had ^ T'f"™ sulfate. 

sulfate decomposes without melt' already observed, that ammonium 
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which melts at 140°. This is not greatly different from the melting point 
of potassium hydrogen sulfate, so that the low melting point is not incon¬ 
sistent with the octet theory. The fused ammonium hydrogen sulfate 
is a very good electrolytic conductor and probably consists wholly of ions 
of NH* + and HSO«~ " 

The relatively low melting jjoint of ammonium nitrate and the infusi¬ 
bility of the sulfate thus support the conclusion from the octet theory 
that the nitrate ion has a double bond, while in the sulfate ion the 4 oxygen 
atoms are held to the sulfur by single bonds. The ordinary valence theory 
on the other hand is not capable of showing such a distinction, for it gives 
double bonds for l>oth anions 

Ammonium formate, NHjCHO., melts at 115 0 , and at 180 0 decomposes 
into formamide and water. Although this melting point is not greatly 
below that of the potassium salt 1 (50") it i-> possible that the melt contains 
a proportion of molecules having the structure 

H 

It O 

HN- C -O 
H H 

in which one of the oxygen atoms is unicovalcnt. It is apparent that 
water can be readily split off from this molecule yielding formamide, 
HjNCIIO. 

Schlenk and Holtz 1 have prepared a compound, triphcnylmethyltetra- 
racthyl ammonium, in which 5 hydrocarbon residues are supposed to be 
attached to a single nitrogen atom, ami which would thus furnish direct 
evidence of quinqucvalent nitrogen. The compound is described as form¬ 
ing a “red shimmering crystalline mass with blue metallic luster," which 
is immediately decomposed by water yielding triphenylmethane and 
tetramethyl ammonium hydroxide. It is formed by the action of tri- 
pheuylmethyl sodium on dry tctramethvl ammonium chloride in solution 
in ether. 

Applying the octet theory to triplumyhnethyl sodium by placing 
e *» 26, » ~ 4, vre find p =■• 3 Each of the 3 phenyl radicals shares a 
pair of electrons with the carbon atom, but the sodium atom shares no 
electrons with the organic radical. The constitution is, therefore, 

% Na + (CPhi) - 

The central carbon atom has a covalence of 3, but has its complete 
octet. This formula is iu full accord with the unusual properties of this 
substance and explains, for example, its strong color and its reaction with 
ammonia to form triphenylmethane and sodium amide, Na + XHi~. It 
is thus evident that the triplienylmethyltetramcthyl ammonium which 
is derived from Urn tripbenylmethyl sodium should have the constitution 

t a» 1A. Aris (ffttfil 
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[N (CH,)<] + JCPhj ] 

This substance should thus be a salt whose ions are held together by 
electrostatic attraction. The covalence of the nitrogen is 4 while that Of 

•- - It is stated by Schlenk and 


the central carbon atom in*the anion is 3 It is stated by Schlenk and 
Holtz that a solution of this substance in pyridine conducts the electric 
current, so there can be no question of its salt-like character. 

The structure 

/NH, 

H.N=C/ ! 

x> 

has been proposed for carbamide by Ti ?A Werner, 1 while W. A. Noyes 
and R. S. Potter, 2 in accordant t with the news of others, have assumed 
the formula (a) 

Co 

<> 

NH, 

for certain amino acids In the case of compounds of this second type 
the octet theory' gi\ es /> = s which makes it impossible to place a covalence 
bond between the oxygen and the nitrogen However, the formula mav 
be written ( 4 ) y 

CO 

NH,* 

m which it is evident that the normally decidedly neutral ammonia 
must become positively charged when it shares a pair of electrons with the 
carton atom of the R snoop Staitoh the „„»e„ 
ivey c arged because it has lost the positne charge which the NH 

r t h P e 

10 £ e ; 

the properties of the compound and is fulh h?"" f^"*** 8 ™* 

results of Noyes and Potter rd Wlth 0lc experimental 

cannot hold a pair of electrons m ■ ^- ^ the and nitrogen 

»>■ ZLSzr. ;;r;i ■* “™* ^ ■*<•£- 

Studied by Kleineno' the octet the^ty VT* '' V| ,a, *ed diazuphemots 
fins formula closed by „Ji tT" U " po “ Mi V « « hut 

the formula hlemenc has given evidence far 

Irt :/" ^ rans ’ ,0 7 > 7'5 1 1915) 

This Journal, 37,189 (, 9 , 5 1. 

Ber , 47. 1407 fio.h 
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The octet theory gives p 


R<J 

x NsN 

5, which leads to the modification 



The covalence of one of the nitrogen atoms is 4, while that of the other is 
two, but there is no development of free charges as in the case of the amino 
acids 

The formula given for diphenylene-diazomethane, (C*H«)iC*“N s ''N, 1 
is consistent with the octet theory if the triple bond is replaced by a double 
bond. In general, it is, perhaps, probable that >C—N*=N represents 
the diazo group rather than 



The diazonium compounds may have either the structure (R—NssN) + 
OH" or R—N **N —OH. Thu tautomerism explains the fact that 
in some cases these compounds exhibit acid as well as alkaline properties, 
while the unusual triple bond explains the explosive properties. The 
positive charge is probably not localized on cither nitrogen atom but the 
—N -*N group as a whole is positive because it shares its electrons with 
the R group. 

The triazo compounds RNj may have the structure R—H””N“ C N 
rather than 

/** 

R-N<|i 

\ N 


Hydronitric odd is then H—N“K*"N and the nitride ion has the very 
symmetrical structure N°“N*“N This structure is in full accord with 
the experimental facts referred to by Turrentine 3 in his discussion of the 
structure of hydronitric add, from which he concludes that the structure 
should be H-N^N^N. 


The properties of hydroxylamine indicate that this substance exists in 
two tautomeric forms’ which may be represented according to the octet 
theory by (I) HjN—OH; and (fl) H*N-— 0 ; the second of these formulas 
corresponding to that of the amine oxides already considered. The re¬ 
lationship of this compound to hydrogen peroxide discussed by L. W. 
Jones is thus made particularly dear, for this latter substance also exists 
in two tautomeric forms. 


1 Stawdtegtr and Gault, Btr„ 49,1961 {1916) 
* This Jocxnal, 15, (*914) 
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(I) H—0-0—H and (II) HjO-O. 

The form II contains in both cases unicovalent oxygen atoms and these 
formulas thus account directly for the oxidizing properties of these sub* 
stances. 

Hydrogen ions (or nuclei) are at>le to attach themselves to the free 
pair of electrons of the nitrogen octet in H?N'OII to form an ion HjNOH *. 
But the tendency to form this ion is weaker than that by which the am¬ 
monium ion is formed from ammonia and the hydrogen ion because the 
larger charge on the nucleus of the oxygen atom displaces the electrons of 
the nitrogen octet towards the oxygen atom, while the nucleus of the 
nitrogen atom is displaced in the opposite direction The presence of 
the hydroxyl group thus causes a decrease in the force with w hich the octet 
of the nitrogen atom holds hydrogen nuclei. There is no necessity for 
assuming polar valence. 


For these reasons hvdroxclamine has much weaker basic properties 
than ammonia. Notwithstanding this, the salts of livdroxylaniine such 
as NIIjOHCl are completely ioni/ed whether in solution or in the solid 
state. The reason that ammonia in aqueous solution is a weak base as 
compared to potassium hydroxide is that only a small fraction of the am¬ 
monia molecules combines with hydrogen ions from the water forming 
ammonium ions and thus liberating hvdroxvl ions. The weakness of 
ammonia as a base is not to be looked upon as due to a lack of 
of ammonium hydroxide, for this substance, according to the octet thcorT 
can only exist in the completely ionized condition. y ’ 


/u-ius, oases and Salts. 

pot* hydroxide, taxi™ h'droxido 
hydroxide cm e xi s t only i„ «„ ionile( , 

solid state, potassium hydroxide m nc ; * f \ 151 cven lf > the 

ions held together by their electrostatif ZtZli™ ‘T ^ hy(taxyi 
ammonium hydroxide, the 4 methyl groups sh Z Tf U ' lrameth >’ 1 - 
trons of the nitrogen octet so that 1! P h “ four pmra <* el «> 
the oxygen could be held. ’ Here again thZ Zt^ ° f efectrons h Y 
U Mows < therefore, directly that this substin f”* & ionized, 

as potassium hydroxide. For the s amf ? niust t)e ** strong a base 

and S(CH,),OH are strong blS ^ *** P(CH 4 ),OH 

In the hydrochloric acid molecule the h, i 
of electrons with the chlorine atom , " Ucku9 sh ^es a pair 

^ therefore, a non-conductor of elertriat v ?“ T* hydrc ^ ea <^4* 
when this substance is brought into ^J^ZZZ^JZ 
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the octets of the water molecules than to the chlorine atoms, since the 
nuclei of the oxygen atoms have smaller positive charges than those of 
the chlorine atoms. The result is that the hydrogen nuclei become hy¬ 
drated hydrogen ions, and the chlorine ions remain in solution. This 
explanation of the separation of the hydrochloric acid molecule into ions 
is not essentially different from that which attributes the effect to the high 
dielectric constant of the water. 

If we consider another substance such as hydrogen sulfide, it is clear that 
the tendency for the hydrogen nuclei to separate from the octet to which 
they were originally attached may Ite very much less. The smaller posi¬ 
tive charge on the kernel of the sulfur atom as compared with that of the 
chlorine atom causes the hydrogen nucleus to be much more firmly held. 
Another way of expressing this relationship is to say that chlorine readily 
assumes a form in which it has the covalence of zero, while sulfur has a 
greater tendency to lie dicovalent than unicovalent. Ammonia, as we 
have seen, acts as a base rather than as an acid. That it thus tends to 
take up a fourth hydrogen nucleus instead of giving up those that it has, 
is due to the smaller positive charge on its kernel, and to the fact that the 
4 nuclei enable it to assume a particularly stable form. 

For these same reasons methane acts neither as an acid nor as a base. 
The small charge on the kernel allows the 4 hydrogen nuclei to be very 
firmly held by the 4 pairs of electrons so that acid properties are absent. 
There can lie no bask properties because the molecule cannot take up any 
more hydrogen nuclei, all 4 pairs of electrons in the octet already being 
occupied. 

From this viewpoint, acids are substances from whose molecules hydrogen 
nuclei are readily detached, while bases are sulistances whose molecules 
can easily take up hydrogen nuclei. The more easily the hydrogen nuclei 
are given up, the stronger the acid which results: the greater the tendency 
to take up hydrogen nuclei the stronger the base. Typical salts, on the 
other hand, are completely ionized even in the solid state, and are, of 
course, completely ionized in solution. The variation in electric con¬ 
ductivities, osmotic pressures, etc., of salt solutions is quantitatively ex¬ 
plained by Btfilner and Ghosh as due to the constraints caused by the electric 
charges which tend to produce a uniform distribution of positive and 
negative ions, whereas il the particles were uncharged there would be a 
random distribution. 

There are certain substances usually regarded as salts, whose aqueous 
solutions show relatively little conductivity. Mercuric chloride and 
Cyanide, cadmium iodide, etc., arc typical examples of this kind. Mer¬ 
curic and cadmium ions unquestionably have strong external fields of 
force in addition to the forces caused by their electric charges. Accord- 
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Strontium differ from atoms of argon and krypton only in their electric 
charges. Since the stray forces around the atoms of the inert gases are 
Arery small, it follows then that the properties of the ions of calcium, 
strontium, etc., are determined almost wholly by the charges on the ions. 
But cadmium and mercuric ions have structures like atoms of palladium 
and platinum, respectively, so that, as in these latter atoms, it must be 
assumed that there are strong fields of force around the ions in addition 
to those caused by their charges It is, therefore, probable that in mer¬ 
curic chloride, the atoms exist as ions, but that these ions do not separate 
from each other when the substance goes into solution. The existence of 
the various organic compounds and complex ions of mercury furnishes 
abundant confirmation of this theory of strong secondary valence forces 
about atoms of mercury and other related elements. 

Isomerism of Cyanates, Cyanides, Nitrides, Etc. 

It is well known that organic cyanates, cyanides and nitrites, exist 
in two isomeric forms. According to the octet theory the constitutions of 
these substances are as follows 


Cyanates 

Cyanides or nitriles.. 

Nitrites or nitro compounds.. 


R—0—0 N 
or R—O — e =N 

r-c-n 


R— 


R-fNC) 

R—O — N*=0 R— 

'rhe second column gives p the number of pairs of electrons held in 
common between tl le atoms as calculated from the octet equaZ 

n the lsomtnles the nitrogen and carbon kernels are probably contained 

rsr in the - - - - -U-. 

Cyanates, p = 4 , K+{0=C«N] 

Cyanides, K+fCNJ 

The th *f itrites : f = 3 ’ k + Io-n-oj 
the corresponding orgln?^ essentially from 

not attached to definite atoms cl the add ml * T™ ° f **" «• 

from the octet theory that these stihst- no ? U - 1 ls ’ therefore, evident 

modifications, and 'thltlbe' e S Tmrturl , ri 0UW - 

T COrrespond to either the normal or JT ‘" fJrganic ^pounds do 
fhese conclusions are in full accord with the fe! C * Walc 

m txm » onlv one form 
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pletely ionized condition These facts simply illustrate again the mobility 
of the hydrogen nucleus when bound by atoms having a covalence less 
than 4. We may, therefore, consider that in these free acids both the 
modifications observed among the organic derivatives exist together in 
tautomeric equilibrium. 

PhoBphonitun, Arsonium, Sulfonlum and Oxonium Compounds. 

Whereas the ammonia molecule has a relatively strong tendency to take 
up a hydrogen nucleus to form the ammonium ion, the corresponding 
tendency of phosphine to take up the hydrogen nucleus is very weak. 
This decrease in the affinity for hydrogen nuclei in passing from nitrogen to 
phosphorus, corresponds to the fact that hydrochloric add is a stronger 
acid than hydrofluoric and hydrogen sulfide has stronger acid properties 
than water. 

The introduction of a chlorine atom into acetic acid to form ehloroacetic 
acid, according to the viewpoint of G. N Lewis, displaces all the electrons 
towards the chlorine atom. This decreases the forces holding the hydrogen 
nucleus in the hydroxyl group and by allowing tills hydrogen ion to be 
more readily detached, makes the chloToacctic acid a stronger acid than 
acetic. A replacement of the same hydrogen atoms by alkyl radicals 
allows the electrons to shift towards the hydroxyl group, increasing the 
forces holding the hydrogen nucleus and making the acid weaker. In 
a similar way the replacement of the hydrogen atoms in phosphine in* 
creases the tendency for the molecule to take up hydrogen nuclei and 
strengthens the l>asic properties. Thus trimethyl-phosphine has distinctly 
basic properties, although these are much less than those of trimethyl- 
amine. 

On the other hand the phosphonium Iwses or quaternary compounds 
such as tetramethyl-phosphonium hydroxide are exceedingly strong bases 
quite comparable with potassium hydroxide and tetramethyl-ammonium 
hydroxide- In these compounds, just as in ordinary ammonium salts 
the central atom must be quadricovalent and the negative radical thus 
exists as an ion which does not share electrons with the positive radical. 

The basic properties of the arseine derivatives are still less marked. 
Thus even tertiary arsines do not have basic properties On the other 
hand, as is to be expected, the quaternary arsonium bases are about 
as strongly basic as potassium hydroxide and the other quaternary bases. 

As distinguished from the corresponding ammonium compounds, it is 
possible to replace the hydrogen of alkyl substituted phosphines and es¬ 
pecially arsines by chlorine. All such compounds whose formulas can be 
written by giving arsenic a valence of 3 are of course in agreement with 
the octet thenrv fh» •♦»««*«»« a< »'— •—*-—■* 
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[(CH s )AsCI 3 ] + a- 
[(CH,) 2 AsC1 2 ]^C1- 
[(CHj)tAsCI] »ci- 

[As(CH i )4] + Cl~ 

In the correspond ing oxides (CHi)AsO(OHh, (CHj)jAsO(OH) and 
(CHWjAsO, all 4 radicals are attached directly to Hie quadricovalent 
arsenic atom, so that these compounds are not salt-like in character. 

For sulfonium compounds such as (CIIj/,SI we plaee e = 34, n •» 5 
and find p = 3 The constitution is thus [,S(CH 1 );J' , I , where the sulfur 
atom is tercos alent. The correspondmg base (S(CHj)i ] 4 011" is, of course, 
completely ioni7.cd and is, therefore, comparable to potassium hydroxide. 

In compounds with o\)yen and organic radicals, sulfur takes, with 
almost equal ease, tot alenccs of 4 01 4 This leads to a great variety of 
organic compounds The following table gives a list of such types of com¬ 
pounds together with the constitutions derived from the octet theory 
Or». wit ^uu^ir 0\*cf \ Compound-- Ktc 


A Sulfate* 


Jh nJmo\a*< nt iu i 

IK 1 


B Sulfonate* K 4 

C. Sulfones 

D. Trwlkyl sulfine iodide 


E Tetvalkvl sulfonium 
iodide 


f\ / (V 

Lc/ \j 

R\ aY 

iX 

iX \; 
r* /hi 

x>. 

R\ ,-u 

X 

R x 'R 


F hulfitis 


0 . Sult.ti uts 


iKH, 


I * mn uk-nt *uHur 

R -s/° 


n DiaU v 1 sulfoxides p 


H) 


l I Sulftiiuum AompoiituK 


r 

R ,V 1- 

V R_ 


In addition to 
acids, such, as 


these there are, of 


tout* 


tariom possible esters of the 


A 

B 

r 

G 


Rt\ A) 

A 

R\ /O 

>s< 

Rt/ 

RO, 

>S n 
Rcy 


.mrl 


411,1 


0 - s/ 


/ J< 



s, "] 

v>J 
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where the letters A, B, F and G refer to the corresponding substances in 
the preceding table. 

The compounds given under E in the first table, namely, compounds of 
the type [S(CHa)«l ++ Ii~ have, I believe, not been isolated. But a closely 
corresponding cyclic compound trimetliylene-dimethyl-suHonium di¬ 
iodide ICHi.CH*.CHt.S(CHa)j] ++ Ij~ has been prepared and studied by 

i_i 

Grishkcvicb-Trokhtmovskii. 1 He found that both iodine atoms are 
equally ionized and are precipitated by silver nitrate. 

For oxonium compounds such as those of the type RjO.HX we place 
e * 28; h «= 4 and find p = 2. The hydrogen nucleus can, however, 
attach itself to one of the unoccupied pairs of electrons of the oxygen 
atom so we arrive at the structure 



For compounds of the RjO RX tyjre we place e = 34; » = 5 and find p = 3, 
whence the constitution is 



corresponding exactly to the sulionium compounds. 

'Flic constitutions of the phosphonium, sulionium, oxonium, compounds, 
etc., arrived at by the octet theory correspond to those found by Werner’s 
theory. The octet theory, however, has the advantage that it does not 
require special assumptions regarding valence for cotnjKmnds of each of 
these types. 

Summary. 

The octet theory of valence which lias been described in previous papers 
is here applied particularly to organic nitrogen compounds, although the 
general application of the theory to inorganic nitrogen compounds and 
to salts is discussed. 

The numbers of available electrons in the outside shell of any atom is 
usually given by the ordinal numlier of the column of the periodic table 
in which the element is found. This number, which we may represent 
by E, corresponds to the maximum positive valence of the ordinary valence 
theory and is one for sodium, 4. for carbon, 5 for nitrogen, 6 for oxygen, 
and 7 fo# chlorine. 

It Is readily proved that the octet theory is entirely in agreement with 
the ordinary valent* theory whenever the ordinary formulas are based 
on vaknees of unity ftir hydrogen and 8— E for each other element. Thus 
the ordinary formulas agree with those of the octet theory whenever we 

• /. Xmtt. Pkys. Ckm. 48, 8So {ijrfi). 
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take the following valences: hydrogen, one; carbon, 4; nitrogen and phos¬ 
phorus, 3; oxygen and sulfur, 2; and chlorine, bromine, etc,, one. Oa 
the other hand all formulas in which valences differait from these hive 
been used require modification according to the octet theory. 

The octet theory is applied, among others, to the following compounds, 
whose formulas require modification. 

Sodium chloride Na + Cl" (the covalence oi both atoms is zero). 

, . 

(the nitrogen is truadricovalmt). 


Ammonium chloride 


H- 


H] + 

Cl 

■H 


Triphenylmethyltetramethyl ammonium !N(CH»hl + (CPh«) - (the nitrogen 
quadricovalent while the central carbon atom in the anion is tercovalent). 

a/? 


Diazophenol R 


\ I 

= N 


Diazonium compounds [R—Nrr^N l^OH" or R—N=*NOH 
Triazo-compounds R—N =N—N 
Hydrojtylamine H,NOH or H»N—0, etc 

According to this theory all salts are completely ionized even lief ore 
they are brought into solution. This conclusion is, however, in accord 
with recent work of Milner, Ghosh and others. It explains why there are 
weak acids and weak bases but no weak salts 

The known cases of isomerism, including stereoisomerism, oi nitrogen, 
phosphorus and sulfur compounds are in full accord w ith the octet theory. 

The fact that organic cyanates, cyanides and nitrites exist in two iso¬ 
meric forms, while the corresponding inorganic salts exist in only one form, 
is explained, since the nulcovalent atoms of the metals in the inorganic 
compounds are not attached to definite atoms of the acid radicals. 

The available data on phosphonium, arsonium, sulfonium and oxonium 
compounds are in full accord with the octet theory, which gives for these 
compounds constitutions closely resembling those previously given by 

ScramtczADv, N Y. 
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A METHOD OP TESTING THE AMYLOLYTIC ACTION OF THE 
DIASTASE OF ASPERGILLUS ORYZAE. 

By SsUiAN A W AXEMAN. 

Received October 18. S919. 

In the action of diastatic enzymes upon starch, we differentiate be¬ 
tween the amylolytic (amyloclastic, liquefying) power and the saccharo- 
genic (saccharifying) power. We usually speak of diastase as one enzyme, 
but we might consider, more properly, this enzyme to consist of two classes 
of enzymes, one of which hydrolyzes the starch to soluble starch, dextrins 
and maltose (amylase) and the other hydrolyzes the maltose into dex¬ 
trose (maltasc), but, since both classes of enzymes are usually found in 
the same mixture and were not as yet separated from one another, they 
are looked upon as one group of enzymes or even one enzyme. But the 
very fact that the diastatic enzymes obtained from different sources do 
not reduce the starch alike to the same end products, as will be pointed 
out later, would lead us to doubt the validity of many comparative studies 
of different enzyme preparations based upon the determination of the 
same end product. Some diastases, notably the malt preparations, al¬ 
though acting readily on starch (strong amylolytic power) and hydro- 
lizing it to dextrins and finally to maltose, do not hydrolyze the latter to 
any large extent into dextrose, while diastase obtained from Aspergillus 
Oryzae (taka-diastase), in acting upon starch, hydrolyzes it into dextrins, 
then to sugars and results in a mixture consisting of glucose and maltose, 
free from any dextrins 

A review of the various investigations on the action of diastase reveals 
the fact that, in most of these, the saccharogenic power of the enzymes, 
rather than the amylolytic, was measured, for various reasons. First of 
all, in determining the saccharogenic power, we arc dealing with the end 
products of the action of the enzyme upon starch, namely the sugars, 
which are measured readily by various methods. While in the study of 
amylolytic power, we have to measure either the amount of starch that 
has been hydrolyzed and this is not very satisfactory; or to determine the 
disappearance of the starch reaction with iodine, which also is not entirely 
satisfactory, since we have to differentiate then between the starch paste, 
soluble starch, and even higher dextrins which result in the first step 
of tire hydrolysis of starch. The other reason for measuring the sugar 
production by enzyme from starch is due to the fact that the action of 
diastase was directed towards producing sugars from starch both in the 
feeding experiments and the production of beverages, therefore, it was 
natural to measure the saccharogenic rather than the amylolytic power. 

The investigations presented here were conducted for the purpose of 
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finding the best methods suitable for the measurement of the action of 
diastatic enzymes used in the textile industry for the purification of the 
fabrics from starches and starch derivatives (process of desizing). Natur¬ 
ally, under these conditions, emphasis should be laid on the amylolytic 
power of the enzymes rather than on the saccharogenic power, since in 
the textile industry %ve are concerned with the first step of the action of 
the enzymes upon starch, namely, the dissolving of the starch or bringing 
it to such a state where it would dissolve in water rapidly and could be 
washed out, while the rapidity of sugar production is of little interest. 1 

Historical. 


A complete review of the different methods used in the study of diastatic 
action upon starch is found in the series ot pa jars published by Sherman 
and associates. 2 Briefly stated, the methods for measuring the saceharo- 
genic action consist in measuring the amount of sugar produced by de¬ 
termining the reduction of Fell!mg's solution, these methods are collec¬ 
tively designated by Sherman and associates as ’copper" methods. The 
amylolytic (amyloclastic) or liquefaction methods aim to measure the 
power of the enzymes to convert a definite amount of starch into products 
which give no longer the characteristic reaction with iodine and arc desig¬ 
nated by Sherman and associates as "iodine” methods The only criti¬ 
cism to be submitted here on the so-called “saceharogenie” or ’■.saccharifi¬ 
cation" methods is, as was pointed out above, the entire lack of differ¬ 
entiation between maltose and dextrose. This has been recognized by 
Dans and Daish,’ who, utilizing the fact that •’taka-diastase" converts 
s arch only into maltose and dextrose free from dextrin, used this method 
or the determination of starch in plant tissues, both the maltose and dex- 

St^thitr by t,K 
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Experimental. 

In this study only the liquefaction of the starch is taken up; the methods 
of Johnson, Sherman and associates, and others based upon the reduction 
of the starch by the enzyme to substances no longer giving any color with 
iodine were not suitable for the purpose which we here have in view, 
since these methods measure, not the first step in the liquefaction of the 
starch but the total disappearance of the starches and dextrins; the differ¬ 
ence between the saccharogenic methods and these iodine methods consist 
in the fact that in the first ease the sugars are measured directly, while in 
the second the conversion of the starch into sugars is measured. The 
only other method, which actually measures the liquefaction of starch 
is that of Wohlgemuth and its various modifications, in which the dis¬ 
appearance of the blue color with iodine is taken as an end-point, but not 
a total absence of color with iodine. This method, based upon a degree 
of color, is subject to various criticisms, since it will vary in the hands 
of different investigators. 

The method used here is based upon the disappearance of the starch 
(the so called “raw starch" was used) in the solution, without considering 
the fact of just how much of the starch has l>cen hydrolyzed to dextrins 
and how much into sugars, thus measuring as nearly as possible the first 
step in the hydrolysis of starch. 

Since, as Sherman and associates’ have recently shown, potato starch 
is obtained almost pure by washing with water only and is as readily acted 
upon in the water washed as in the more highly purified condition, this 
starch was used in the raw state A 2 ( ( paste was prepared by mixing 
the proper amount of dry starch in a little cold water, then adding boiling 
distilled water, so as to form a uniform suspension, boiling it for 10 min¬ 
utes and making up to volume with distilled water. The paste is intro¬ 
duced in to cc. portions into large test-tubes and these placed in a thermo¬ 
stat kept at 40°; as soon as the temperature is obtained, the proper amount 
of enzyme is added, in varying quantities, to the tubes, these are well 
shaken and placed back into the thermostat. As soon as the starch is 
hydrolyzed, the solution loses its opaque color and becomes clear; this is 
easily observed by comparing the liquefied and unliquefied tubes. This 
method can readily lie subjected to criticism, since it will give slightly 
varying results in the hands of different workers, particularly beginners. 

To make the end point clearer, it was decided to add to the starch a 
coloring substance, which, not interfering with the action of the enzyme, 
will help recognize the disappearance of the colloidal starch paste. Out 
of a large number of adoring substances tested, neutral mi was found to 
be most suitable. The material is prepared as follows: Place m a large 
porcelain dish 50 to 100 g. of dry potato starch, pour upon the starch 
1 Tim Jouxnau, 41,1129 (1919) 
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too cc. of 0.5% solution of neutral red, allow the starch to absorb ah 
the color, then wash the colored starch repeatedly with water, till all the 
supernatant liquid becomes almost perfectly clear. The colored starch 
is then dried. A 2% paste of this starch is prepared by the method given 
before. When this colored starch is liquefied by the action of the enzyme, 
the change from the colloidal to the clear state is readily observed, if no 
turbid substances were introduced with the enzyme material. 

Instead of taking one period of incubation, use is made of the law of the 
action of diastase upon starch; the product of concentration of the enzyme 
by the time of action is constant, at least within certain limits of enzyme 
concentration and time EXT = K. When the enzyme concentra¬ 


tion is too low or too high or the time too short or too long, this law may not 
hold true. A unit of enzyme is taken as the amount of enzyme which 
will liquefy 10 cc of 2% "raw" potato starch in 30 minutes at 40 <> . 
But, for practical purposes, it is more convenient to use such a concen¬ 
tration of enzyme that would liquefy the starch in not less than one min¬ 
ute and not more than 15 minutes, the tidies liquefied in periods of time 
outside of these limits should not be considered. 

Example. 5 tubes 1 containing 10 cc of the starch solution are placed 
in the thermostat and kept at 40°. The enzyme solution is diluted xo 
times with distiUed water (malt flour is extracted for 2 to 4 hours in ao 
times the quantity of distilled water 1. Various quantities of the diluted 
enzyme are added to the tubes containing the starch solution. The tubes 
are shaken occas.onally so as to insure a thorough mixing. As soon as 

(hoMoTrt, “* i iqUefied thC ° PaqU€ 00,01 of the solution t*«>mes clear 
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Concentration of enzyme m cc 
Liquefaction, minutes. 


Tabu* I.* 

or o z 
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Last tube is discarded. 


K 

— EXT. 

E 

T K 

0 1 X 

•z 5 ** z 25 

0 i X 

6 1 2 

O 4 X 

3 = j 2 

0 6 X 

2 =• j 2 


0406 lo 
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Since the original solution of enzyme was diluted io times, we find that 

the enzyme value of one cc. = --- = 250 units 

o. 1 X 0.04 

p 30 min. D X t _ Dt 

40 ° " £ x T “ *r 

F «“ enzyme value at 40 0 C. in 30 minutes; D = dilution; 1 =*» time of 
unit standard (< = 30 min.); £ = quantity of diluted enzyme used; T =* 
time of liquefaction Thus by taking several tubes and averaging the 
products we can eliminate certain mistakes that will be made in the read¬ 
ing of the end-point Given a denfiite amount of substratum and a definite 
temperature, the activity of the enzyme can be determined under differ¬ 
ent conditions of time. 

When the stage of hydrolysis corresponding to this end-point, is tested 
with iodine, it is found to correspond to the {joint when no heavy blue 
color is obtained, but only a deep brown to faintly violet-brown color or 
faint blue-violet color showing that all the starch paste has been trans¬ 
formed into dextrins. 

This method is particularly suitable for the study of enzymes that have 
a starch liquefying power rather large in comparison with the sacchari¬ 
fying power. Kendal and Sherman 1 have shown that, with pancreatic 
amylase, the hydrolysis of starch tended to come to an equilibrium or 
to become exceedingly slow when the weight of maltose reached about 
85% of the initial weight of starch, even though the amount of enzyme 
was varied through a fairly wide range. Sherman and Baker 1 have shown 
that the ratio of the amyioclastic action to the saecharogcnic is much 
higher for Aspergillus Oryzae diastase than for malt and pancreatic dias¬ 
tase. The iodine end-point occurred at a much earlier stage in the sac- 
charogenfc action, usually when from zo to 30 f 'e of the theoretical yield 
of maltose had been produced. The Aspergillus Orysae amylase exerts 
a more pronounced catalytic effect upon the earlier than upon later hy¬ 
drolysis involved in the transformation of starch through dextrins into 
maltose- Malt amylase, on the other liand, apparently does not corre¬ 
spondingly catalyze the complete disruption of the material to which 
the iodine best is due, since the iodine end-point is found only at a much 
mott advanced stage of sugar production with this than with either of 
the other amylases. The iodine end-point takes place in the case of malt 
diastase, only when the maltose production has reached from 65 to 95% 
of the theoretical yield of maltose. 

Keeping in mind the fact that the diastase from Aspergillus Orytat pro- 
luces a good deal of glucose, while malt and pancreatic diastase produce 
1 This Journal, 32, ioSj (1910). 

3*, i8Sj, 1638 (1916). 
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chiefly maltose and only traces of glucose (Sherman and Punrtt * Davm 
and Daish 2 ), which will tend to give a still higher "copper value for the 
Aspergillus d.astase, we would expect important differences between the 
amyloclastic and saccharogemc powers of this diastase on the one hand 
and that of malt and pancreatic diastase on the other liand 

The materials used in this study were malt flour (extracted with dis- 
tilled water for 2 hours), liquid (sirupy) malt extract (Diastophor), and 
dilute extracts of enzyme from Aspergillus Oryzae (commercial name 
Polyzime) The Lrntner values were obtained by the use of a modified 
Lintner method 


Table II 




nun 
* 40 ° 



Starch liqtutfying 

Source of enzyme 

Lintner mine 

value 

Molt flour, No 1 

6 io 

120 

Malt flour, No 2 

600 

175 

Malt extract 

4 S > 

ICK) 

Polyzime, No r 

> 80 

700 

Polyzime, No 2 

17S 

275 

Pohzime, No 3 

1 S 9 

250 

Polyzime, No 4 

170 

200 


The data brought out m Ttble II full\ confirm the results of Sherman 
and his associates as to higher amyloclastic power m comparison with 
the saccharogenic power of the Aspergillus Oryzae diastase than the malt 
diastase Comparing the results of the table which was made by one 
person on the same starch using the same methods, we find that, while 
the ratio of the liquefying value to the Lintner value of malt preparations 
was, under the conditions of the experiment, about ' »to 1 b , that of dilute 
Aspergillus Oryzae enzyme was 1 to t 5, showing that the latter prepara¬ 
tions have about 4 to 6 tunes as strong a liquefying power for starch in 
comparison with the saccharogemc power than the malt preparations. 

This is in accordance with the investigations of Sherman and Tan berg , 1 
who have shown that, while in tin case of pancreatic amylase the ratio 
of the amyloclastic to the saccharogemc power is 2 j, m the case of 
Aspergillus Oryzae diastase, the ratio of amyloclastic to saccharogenic 
powers is 7 1 to 9 1 

Summary. 

1. fhe Lintner method for measuring the saccharogenic action of 
different enzymes upon stardi should not U- used for comparative studies 

tnzymes ’ MtKt thc <‘ n( l products arc not the same in the case 
01 the different enzymes 

2 The starch liquefying (iodine) methods with the exception of that 
’ This Jooeual, 38 ,1877 ('9/6) 
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of Wohlgemuth, do not give the "liquefaction” of starch by enzymes, 
but measure the reduction of the starch to substances giving no longer 
any reaction with iodine, which is arbitrary. 

3. In the study of the action of enzymes upon the starches present or 
embodied in the textiles (process of desizing), the Lintner method and its 
various modifications are unsuitable, since we are interested not in the 
sugar production, but in the starch elimination. 

4. A method is described for measuring the starch liquefying power 
(amylodastic action) of enzymes, which is practical and easily manipu¬ 
lated. 

5. Comparing the starch liquefying powers of malt enzymes and en¬ 
zymes obtained from Aspergillus Oryzae (water extract used known com¬ 
mercially as Polyzitnc) the first are found to give a higher Lintner value, 
while the second give a higher liquefying value The ratio of the liquefy¬ 
ing value to the Lintner value, in the case of the malt preparations, is 
1 :4 to 1 : 5, while in the case of Aspergillus Oryzae enzyme it is 1: 1 to 
1.5 : 1, so that the liquefying power of the latter, in comparison to its 
sugar producing (saceharogenie power), is 4 to 0 times as great as that of 
the malt preparations. 

OLtVTnM, N J 

(CONTRIBUTION FROM THE CHEMISTRY LABORATORY Of TBS UNIVERSITY OR ILLINOIS. ] 

ORGANIC CHEMICAL REAGENTS. V. 1 THE PREPARATION OF 
ALKYL AND ALKYLENE BROMIDES. 

By Oliver Kaxm and C S. Marvel 

R««hr*d N »*ra»fc»rr 13. 1919 

Although alkyl bromides are among the most common of laboratory 
reagents and although they are prepared by the most elementary reactions 
met with in organic synthesis their preparation in the laboratory as well 
as on a relatively large scale requires further improvement. The prepara¬ 
tion of ethyl bromide is described in practically all laboratory manuals 
and yet the methods are so unsatisfactory that two papers’ have appeared 
recently recommending improvements in the process, mainly in an endeavor 
to avoid the formation of ethyl ether as a by-product. In many reactions 
in organic^chemistry, yields of from 70 to 8o r ", are considered highly satis¬ 
factory but not so with the preparation of such simple and extensively 
used compounds as the alkyl halides. The method described below was 
found more adaptable to the preparation of alkyl and alkylene bromides 
than those methods commonly employed; it has been applied to the prep- 

1 For other papers in this series see Tins Journal. 40, 1285,1930 (1918); 41,276, 

8» (1*19). 
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aration of n-butyl bromide, isoamyl bromide, trimethylene bromide, 
trimethylene chlorobromide, ethyl bromide, allyl bromide, ti-octyl bromide, 
and lauryl bromide. 

The preparation of alkyl halides from the corresponding alcohols by 
the use of halogen acids is a very old and well-known process. The use 
of aqueous solutions of halogen acids, for example the constant boiling 
mixtures of the halogen acids with water, as developed by Norris and his 
students , 1 offers distinct advantages over the older procedures. The 
method is very convenient as a laboratory preparation for student use 
and for this purpose is without doubt sujierior to the phosphorus-halide 
method. In view of the fact that the Norris method is appearing as 
recommended procedure in laboratory manuals , 1 this brief note dealing 
with an essential improvement of the method in its application to primary 
alcohols should be of value 


Norris has shown that primary, secondary, and tertiary alcohols differ 
greatly in the ease of reaction with aqueous halogen acids. When a pri¬ 
mary alcohol is distilled with one, two, or three tnoles of aqueous hvdro- 
bromic acid (48%), a poor yield of alkyl bromide is usually obtained. 
Secondary alcohols react with greater ease the result being’that satis¬ 
factory fields are obtained, whereas tertiary alcohols react even without 
heating to give almost theoretical results. The shortcoming of the Norris 
method lies in its application to primary' alcohols; although a large excess 
of hydrobromic acid is used the yields are so unsatisfactory that the method 
cannot be considered in its present form as of great practical value for the 
preparation of primary bromides. 

In the present work it was observed that the addition of sulfuric acid 
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Tabus I. 


Aqueous HBr 
toed lor one took 
of *-butyl alcohol 

Crude product 

Product after washing 
with cold cone 

H*HO« 

Yield. 

tnolca. 

G. 

% 

1.. 

. 90 

46 

34 

2 . 

. ros 

79 

58 

$ . 

. «'S 

89 

65 

*. 

. , .. 12 ! 

109 

80 

HaSOs buW rA to 1 S 
root** of aqueous HBr 
and oo« mole 
of oiroftol 

Tabuj II. 

Crude product 

Product after waabtef 
wrtk cold cone 

HrSOs 

Yield. 

mole* 

O 

7. 

o-S. 

. n6 

93 

68 

IO. 

. 125 

• >5 

84 

i-S . 

.130 

122 

89 

2.0. 

. 132 

I JO 

94 


It is thus seen that the addition of even one mole of sulfuric acid is 
more than sufficient to compensate for 2.5 molts of hydrobromic add. 
litis is, however, not the only advantage obtained by the addition of sul¬ 
furic acid. When a large excess of hydrobromic acid is used in the Norris 
method (1 alcohol : 4 HBr), a fair yield of product is obtained (80%), 
but this product requires washing with sulfuric acid in order to remove un¬ 
changed alcohol. When n-butyl alcohol is distilled with only 1.5 moles 
of hydrobromic in the presence of two moles of sulfuric acid, a product is 
obtained which for the most purposes is sufficiently free from alcohol. 
From 74 g. of *1-butyl alcohol there were obtained thus 132 g. of product 
which after washing with sulfuric acid still weighed 130 g. All of the 
yields recorded in this paper with the exception of that of allvl bromide 
refer to material that has been washed with cold eonc. sulfuric acid. Other 
details of manipulation are recorded in the experimental discussion below. 

The effectiveness of sulfuric acid as is illustrated in Table 11 does not 
depend entirely upon the resulting removal of water from the reaction 
mixture but is also to be explained by the formation of an alkyl sulfuric 
add which probably reacts more readily with hydrobromic add. The 
effect of sulfuric add in preventing the distillation of the alcohol from the 
reaction mixture is also an important factor. The w-butyl bromide pre¬ 
pared by tbc sulfuric acid method differed in no way from that prepared 
by the qpusl Norris method; neither product showed evidences of the 
presence of unsaturated compounds. 1 

The effect of hydrobromic acid upon alcohols in the presence of very 
large quantities of sulfuric add has been studied by Ntemitowki* who 
has suggested this method for the preparation of bromine substitution 
products of the alkyl bromides It should be noted that with the con- 

* Cl A**., »»»(w»>; 393, w 

* i/motsk., to, 813 (1889). 









3*9 


OLIVER EAMM AND C. S. MARVEL. 


centration of sulfuric acid used in the experiments recorded in the present 
work, liberation of bromine by oxidation of hydrobromic acid does not take 
place. 1 

Norris has shown that the reaction between the alcohols and hydro- 
bromic add becomes slower with increase in molecular weight of the al¬ 
cohol. Thus 5 g. of normal octyl akohol huted for one hour with 25.5 
g. of hydrobromic acid yielded 3.5 g oi the bromide When the experi¬ 
ment was repeated using the same quantity of alcohol but decreasing the 
amount of hydrobromic acid to 15 g. and adding cc of sulfuric acid, the 
yield of octyl bromide was 7 g., an improvement of 100', Similarly, 
an alcohol with 12 carbon atoms (iaury! alcohol) was found to give a yield 
of over 90% of the corresponding bromide. The presence of sulfuric acid, 
therefore, obviates any difficulty found in converting an alcohol of high 
molecular weight into its bromide One variation in tvjK-rimental pro¬ 
cedure should, however, be noted Alkvi bromides of high molecular 
weight are but slowly volatile « ltli water vapor In sin h cases the mixture 
is heated under a reflux condenser unlil reaction 1- complete and the product 
isolated simply by separation of the lavtr m m-olublc a!k\l halide In 
this manner there is avoided any decomposition of the product due to 
heating it with a gradually increasing concentration ot sulfuric acid. 

The use of sulfuric acid is recommended only for prunarv alcohol 
since secondary and tertiary alcohols react readily with aqueous hydro- 
bromic acid alone. Moreover, sulfuric and has a tendency to dehydrate 
many secondary and tertiary alcohols According to the’ piocedure dc- 
senbed below, no ether is formed as a by product in the preparation of 
yl halides. A sample of ethyl bromide prepared as almvc described 

apprecia “ e los! > m when it is washed with cone, sulfuric 
and, this is in marked contrast to the results obtained with umnv of th* 
older methods for the preparation of ethyl bromide 

with aqueoustyd^broic aad to which* r ![ CParatif f ° f alkv! kramktei 

immediately suggest that nmrf 11 n. uifuric atKl krs been added will 

by u* «* «, JLa IX “ 

slightly below those obtained with mixtures ^ ° btaioed fatt 

and sulfuric adds. constant boiling hydrobromic 

Prepared readily by the reduction ofbro ? ' it may be 
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the preparation of alkyl halides as has bees shown by Bodroux.* The 
fact that V* nude of sulfuric add is present for each mole of hydrogen 
bromide is not a disadvantage since the presence of sulfuric add is desired 
and consequently a correspondingly smaller quantity need be added. If 
Constant-boiling hydiobromic add is desired it may be distilled directly 
from the sulfuric add solution, practically no free bromine being liberated. 

In the preparation of an alkyl bromide it is advisable to me 25% excess 
of hydrobromic add; this excess may, however, be recovered by distilla¬ 
tion. In the preparation of trimethylcne bromide it is found that most 
of the excess of hydrobromic add is recovered during the first distillation 
of the reaction mixture. 

In the notes below, two preparations (a-butyl bromide and trimethylcne 
bromide) will serve as very satisfactory experiments for student use. 
Until a few years ago n-butyl alcohol and trimethylene glycol were not 
available as general laboratory reagents because of prohibitive cost but 
at the present time both of these alcohols are technical by-products and 
consequently have become suitable materials for laboratory use. 

General Method for the Preparation of Alkyl and Alkylene Bromides. 

In the experiments given below a general method is employed that 
will no doubt be applicable to the preparation in yields of 90% and over 
of many other halogen compounds in addition to the 8 individuals that 
have been selected. The method consists in treating the alcohol with 
excess of aqueous hydrobromic acid together with sulfuric acid. 
The mixture is refluxed in order to convert the alcohol as completely as 
possible into the corresponding bromide, and the latter is then removed 
from the reaction mixture by direct distillation. Slight variations from 
this procedure depend upon the physical and chemical properties of tile 
alcohol used or of the bromide formed in the reaction. For example, 
in the preparations of ethyl and allyl bromides, the reaction mixture is 
mil refluxed because of the volatility of the former compound, and be¬ 
cause of the chemical reactivity of the latter; in the preparation of isoamyl 
bromide a somewhat smaller proportion of sulfuric acid » used in order 
to prevent charring; while halides of high molecular weight, because of 
their high boiling points, are separated from the reaction mixture 
mechanically instead of by dutiHatioa. 

The Prepara tion of Hydrobromic Add. 

Hydrobromic add may he prepared conveniently by the interaction of 
bromine and sulfur dioxide in the presence of water. Scott* has shows 
that m exceptionally pare product may be obtained hi tins mammr. 
Th* constant boding mixture of halogen add prepared by this roetbbd 
* Gsa* read. t*a,*o6 <«o»s), 

•I- f*m Smu 9ft id Irani 
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although distilled from sulfuric acid solution, is free even from traces of 
bromine. Fortunately in the preparation of alkyl bromides a separation 
of the hydrobrotnic from the sulfuric acid is superfluous since the best 
yields of product are obtained in the presence of sulfuric acid. For cer¬ 
tain purposes, however, the constant boiling acid may be required and 
accordingly the method for its preparation is here described. 

In a 3-liter round-bottom flask are placed 1200 g. of bromine, 500 cc, 
of water, and 1500 g. of cracked ice. A fairly rapid stream of sulfur di¬ 
oxide from a pressure tank is passed into the flask, the outlet of the gas- 
tube being placed below the surface of the bromine layer. During the 
first stage of the reduction the flask should he shaken from lime to time 
in order to avoid the accumulation of sulfur dioxide, or possibly of sulfuryl 
bromide, which would result in a violent reaction due to the large quantity 
of material reacting at one time. Although more than 100 reduction ex¬ 
periments were conducted with quantities of bromine varying from '/* 
to 2 kg., this sudden reaction was noted in only one or two instances in 
spite of the fact that there was usually no agitation other than that fur¬ 
nished by the entering gas stream 


The flow of sulfur dioxide is adjusted at a rate such that the gas is 
completely absorbed. One or two hours will sen e for the completion of 
the reaction, at which time the mixture will assume a yellow color winch 
is not removed by further addition of sulfur dioxide The intensity of 
00 or m the reduced solution appears to depend on the quality of bromine 
used, and with the technical product special care must lie taken to observe 
2 eD ?. P0mt of the reacti( *- An excess < [ sulfur dioxide is to be 

oui^r° n EiVen " the SeCtion dw!m « Wlth Potion 

ATCJ5SS is - r u » 

pleted the Dai is „ ith t*"*” 

to distillation. The boiline no„,t . , d , thc nnxturc subjected 

is 125-126° at 760 mm but it m i 0011 s ant !j< ’ l!ln ^ r Mrobromie arid 
product from the sulfuric acid mature ^ the 

aot be relied upon as an index to th P ‘ thcrn,on,etcr «»ding should 
wards the end of the !£££ the ST? ** ^ 

above, when water with only traces of ' 1 W,D Tl> * t(> l i°° antl 

r^idue. Upon redistillation of the product BUlfl,r ’ c add 

be rehed upon. For mny ^ reading may 

ts not required and one distillation l suffieien! 1 ™ ***** ° f * Ulfuric acid 
“ jfiliation is followed by sperifie ^ •> ? UCh Cases U,e 
W*the distillate. According to the above * J y determinations applied 
^otrnc add were prepare/ fro l ^ ° f **■ **+ 

required by one man for the preparation of K™**’ ^ ”*•* *»• 

Of this quantity was 23 hours. 
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The Separation of Hydrochloric and Hydrobromte Acids. 

In many laboratories alkyl bromides are used in connection with alumi¬ 
num chloride in the Friedel and Crafts reaction. In such experiments 
halogen acid may be recovered by absorption in water but this by-product 
is usually considered valueless because it contains a considerable propor¬ 
tion of hydrochloric arid together with the more valuable bydrobromic 
arid. Although the boiling point of constant boiling hydrochloric acid 
(no°) lies close to that of the constant boiling bydrobromic arid (126°), 
the two products may be separated very readily by means of fractional 
distillation. 

The Preparation of n-Butyl Bromide. 

(а) Hydrobromic Sulfuric Acid Method.- -In the preparation of 

hydrobromic arid for direct use in connection with the manufacture of 
alkyl bromides, a smaller proportion of water is used than would otherwise 
be the case. A mixture of 400 g. of bromine and 425 g. of ice is treated in 
a cooling mixture with sulfur dioxide until the bromine is reduced. 296 
g. of n-butyl alcohol are then added, and following this there arc added in 
several portions with shaking 200 g. of cone, sulfuric acid. The mixture 
is heated under a reflux condenser for a period of 2 hours, during whiph 
time the formation of butyl bromide is carried practically to completion. 
The product is accordingly removed from the reaction mixture by direct 
distillation. The crude material after washing with water weighs 534 g., 
and a purification with */* its volume of cold cone, sulfuric acid decreases 
this quantity by only 4 g. The product is washed with sodium carbonate 
solution, dried with a small quantity of calcium chloride, and distilled. 
The yield of product boiling at 101-104° is 504 g., which corresponds to 
92% of the theoretical amount. In a scries of experiments in which 3 
times the above quantities of materials were used, yields varying 
from 95% to were obtained consistently. In experiments in which 

the mixture was distilled directly without refluxing, a yield of only 87% 
was obtained. The former product is of such purity that washing with 
cone, sulfuric arid is practically superfluous. 

In organic preparations loo large a quantity of drying agent is often 
employed with the resultant lass of a considerable amount of material 
due to absorption by the drying agent. In the present experiments it 
was foued that after a careful separation of the butyl bromide from the 
water layer, 15 g. of calcium chloride d’ere sufficient for the drying of 1500 
g. of alky! halide. 

(б) Sodium Bromide Method.— In a 5-liter round-bottom flask are 
placed 1350 cc. of water and then with stirring 1545 g. {15 moles) of finely 
powdered sodium bromide are added. It is advisable to add the salt to 
water in this manner in place of the reverse procedure in order to avoid 
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caking of the sodium bromide. S8S g. (12 moles) of n-butyl alcohol are 
added and finally gradually 2000 g. of cone, (commercial) sulfunc acid. 
The last half of the acid is added through a dropping funnel after the 
flask has been connected with a reflux condenser. 

The mixture is agitated and finally refluxed during a period of 2 hours. 
The condenser is then reversed and the alkyl bromide removed by dis- 
filiation. 

The product is purified as in the preceding experiment. The yield is 
found to be somewhat lower (about oo (r ( ), due to the presence of some un¬ 
changed alcohol which is, of course, removed by the washing with sulfunc 
acid. The lower yield is probably due to the decreased solubility of the 
alcohol in the reaction mixture because of the presence of dissolved salts. 
On the other hand, when hydrobromie acid is used in place of sodium bro¬ 
mide, the alcohol dissolves completely, and the alkyl bromide separates 
from the mixture as it is formed One would therefore, predict that with 
alcohols of still higher molecular weights, still lower yields will be obtained 
with the sodium bromide method. This prediction was substantiated 
in experiments with isoamyl alcohol, where the sodium bromide method 
gave yields of only 70^, whereas the hydrobromie acid method gave 
yields of almost 90%. 


xsutuuyi orumiue. 

(a) A mixture of 176 g of isoamyl alcohol (b. p. 128 132 0 ;, 480 g. of 
48% hydrobromie add, and no ce. of cone, sulfuric add is placed in an 
ordinary distilling flask and subjected to slow distillation. The weight 
of crude product is 277 g. and the weight after purification with cone, 
sulfunc acid is 240 g., which corresponds to 8o f , of the theoretical yield 
The boiling point of the product is 1.8-120°, The yield in this prepara- 
10n COnSldmb,y by ref!uxi ^' U* reaction mixture prepara- 

“ is Sh ° wn bv the experiment: 

• / ' A hy dr °bromi C acid solution is prepared bv passing sulfur dioxide 

S ) Z T g - ° f br ° mhlt (I "5 hydrogen bromide equhm 
'“t) and 1100 g. of ice. 880 g. of isoamyl alcohol (, 0 moles) andgT! 

su unc aci are then added in the order mentioned The clear homo¬ 
geneous solution is refluxed irenti,, v . ■ 1 Q€ Ciear homo- 

reaction appears to be comnlete nitc . k. \ - ,ron ’ 1(Je lb observed and the 
to continue the heating for one hojwer ^ * " advkaMe 

m the preparation of n-butyl bromide. g prfK UCt K ‘“kted 

rections,^yield of 1433^nro accwdance "ith the above d§ 
tion with cone, sulfuric add this product" weS,^^' *** 
sponds to a yield of 93% before Ltill^kT vt'T ^ 
found, however, that appredable amounts of ht ?Vr * *** 

gh-boiling product* WU$ 
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present and, therefore, the yield of fractionated material boiling over the 
range 116 0 to 120 0 was only 88% to 90%. 

Trimethyleae Bromide. 

A hydrobromic acid solution is prepared from 1275 g. of ice and 1200 
g. of bromine by reduction with sulfur dioxide as directed under the prep¬ 
aration of hydrobromic acid. 456 g. (6 moles) of trimethylene glycol 
and 1200 g. of cone, sulfuric acid are next added in the order given, the 
sulfuric acid being added slowly.’ Tbe mixture is refluxed during a period 
of one hour and then subjected to distillation until no water-insoluble 
product appears in the distillate This distillation requires about one 
hour. 

Tbe trimetbylene bromide is washed first with 200 g. of cold cone, 
sulfuric acid, next with a solution containing 5a g. of sodium carbonate, 
and after the separation from the latter it is dried with 30 g. of calcium 
Chloride. Tire product Is filtered from the drying agent and distilled. 
In a typical experiment a yield of 1088 g., boiling over the range 162- 
165°, was obtained, which corresponded to 90* ' r of the amount theoretically 
possible. The lowest yield obtained was 88%, whereas the maximum 
obtained was 95%. 

The yields of trimcthylene bromide by the sodium bromide method 
were somewhat lower. Thus, from 1350 g. of water, 1545 g. of sodium 
bromide, 456 g. of trimcthylene glycol, and 2500 g. of sulfuric acid, a yield 
of mo g. of crude product was obtained, from which, after purification 
and distillation, a yield of 1030 g. (85%) of bromide was obtained. 


Trimcthylene Chlorobromide. 


A mixture of one mole of trimethylene ddorohydrin and two moles 
of constant boiling hydrobromic acid is treated gradually with two moles 
of sulfuric acid. The mixture is refluxed during a period of one hour and 
then subjected to distillation. The yield of purified product (b. p. 142- 
143°) is 140 g., whereas the theoretical yield is 157 g. 

The preparation of ethylene ddorobromide from ethylene chlorohydrin 
and hydrobromic acid is found to be less satisfactory than the preparation 
of the trimethylene derivative. The reaction of ethylene with a solution 
of bromine monochloride in hydrochloric add* is found to be a more satis¬ 


factory method for tbe preparation of ethylene chlorobromide. 


Ethyl Eromide. 

In the preparation of hydrobromic acid for the manufacture of ethyl 
bromide particular care must be taken to avoid the presence of any ex¬ 
cess of sulfur dioxide. The evolution of gas during the distillation of tbe 
* When drains with more volatile bromide* (ethyl, propyl* and attyt bromides), 
the sulfuric add 1* best added While tin flack it attached to a condenser 


* J. prtit Chm., la 1 26,480 (1881). 
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alkyl bromide will invariably result in a large loss of this volatile product 
(b. p. 38-39°), 

To the solution resulting from the reduction of 1000 g. of bromine in 
the presence of 1075 g. of ice, there are added 500 g. of ordinary 92% alcohol. 
The flask is attached to a condenser ready for distillation and 1000 g. 
of cone, sulfuric acid added slowly through a separatory funnel. Because 
of the volatility of ethyl bromide the mixture is not heated under the re¬ 
flux but is subjected instead to slow distillation. The product after separa¬ 
tion from the ice water in which it should be collected is found to weigh 
I0 55 g- A. washing with 300 g. of sulfuric acid shows this treatment to 
be superfluous since a decrease in weight of only 10 g. is observed. This 
loss is due primarily to loss of ethyl bromide by evaporation. 

The product is washed and purified as in the other alkyl bromide prep¬ 
arations. It distils over a range of 38-4.0° when distilled slowly from a 
water bath, provided chips of porous plate are added to prevent super¬ 
heating. Final yields vary from 90*)) to 95 c ' c according to the precautions 
taken to prevent losses due to evaporation. 

In tlie present experiment, a 2^ c excess of hydrobromic acid is used. 
With molecular quantities of materials, the yield will be somewlwt lower! 
usually about 85%, and it is, therefore, questionable whether the method 
possesses much advantage over that proposed by Weston' for the prepara- 
toon of ethyl bromide. J 1 


jtxuyi uromiae. 

t f he c[‘ ydr0b T iC add S0 ' Utl0n obtained b >' ,he suUur dioxide reduc- 

ZnLTj aa “ thC PreSeQCe ° f 510 of wat " (^ded as 

ice) there are added 385 cc. of aqueous allyl alcohol, which according to 

j?:r ?- 

the addition of the sulfurie^dd LdtofualT partly durin * 

from the reaction mixture it isTdvis n removaI of <*« ha Me 

distilling flask. This is done best bvl * ° agltate the «>ntents of the 
is introduced through an oil or m/ 62115 °, a Ir ‘ echanical stirrer which 
Vj to 1 hour. The ^d^i, L T 0 ' SC " L This ^^tion requires 
ate solution, driedTvdiL .odiun, c2bo». 
product boiling at 69-/2^00^ ' ““ ^ Ti * *** of 
Posable. A small high-boiling w? ■ ° V 96 r ot Ulat theoretically 
has shown this to consist of propylene'bromide and exalni nation 

The method descri^ab^eTwell aL^ M ° Iec,dar heights, 
bromides of high molecular weights. TvJ ^ ^ of alkyl 

' J. Chem. Soc., 107, I4 s 9 (, 9IJ ^ was demonstrated by the prep- 
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aration of »-octyl bromide and lauryl bromide. Since the corresponding 
alcohols are quite expensi% r e and only small quantities were available, the 
bromides were prepared only by using 48% hydrobromic acid and sulfuric 
acid. Because of the slow volatilities of these halides, considerable de¬ 
composition is liable to occur during the distillation of the alkyl bromides 
from the sulfuric acid reaction liquors. It is, therefore, advizable to 
separate the products from the acid layers by means of a separatory funnel 
instead of by distillation. 

«- 0 ctyl Bromide.—In a 500 cc. round-bottom flask are placed 240 g. 
of hydrobromic acid (48',^), 62 g of cone, sulfuric acid, and 71 g. of «- 
octyl alcohol The mixture is boiled under a reflux condenser for 2.5 
hours. The solution is diluted with water and the bromide layer separated, 
washed once with a little cold cone, sulfuric acid, then with water, and 
finally with dil. sodium carbonate solution. The crude yield is 102 g.; this is 
dried over a little calcium chloride and distilled. The final yield is 96 g. (91 % 
of the theoretical yield), and the boiling point ranges from 196“ to 200 °. 

Lauryl Bromide.—In a 250 cc. round-bottom flask are placed 70 g. of 
hydrobromic acid (48^), 22 g. of cone sulfuric acid, and 40 g. of lauryl 
alcohol The mixture is boiled under a reflux condenser for 3 hours 
and the bromide then isolated as described in the preparation of octyl 
bromide. The product is distilled under reduced pressure. The yield 
is 49 g. or 91^ of that theoretically possible. The product boils over a 
range of from 175’ to r8o° at 45 mm. pressure. 

Summary. 

1. Aqueous hydrobromic acid obtained by the reduction of bromine 
with sulfur dioxide in the presence of water is a convenient reagent for the 
preparation of primary alkyl bromides. The reduction mixture may be 
utilized directly without a preliminary distillation. 

2. Mixtures of constant boiling hydrochloric and hydrobromic adds 
may readily be separated by means of fractional distillation 

3. A detailed study has been made of the preparation of ft-butyl bromide 
from the corresponding alcohol by the hydrobromic acid method; addition 
of sulfuric acid to the reaction mixture was found to be of more value than 
an increase in the quantity of hydrobromic acid. 

4. A general method is described for the preparation of primary alkyl 
bromides. The main variations from the Nnrris-Bodroux Method are 

(a) the addition of a considerable quantity of cone, sulfuric acid and 

(b) the recommendation of a refluxing period preliminary to the distilla¬ 
tion of the reaction mixture. 

5. Detailed directions have been given for the preparations of n-butyl 
bromide, isoamyl bromide, trimethylene bromide, trimethylene chtoro- 
bromide, ethyl bromide, ally! bromide,«-octyl bromide, and lauryl bromide. 

Omaha, Iu. 
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ORGANIC CHEMICAL REAGENTS. VI. REAGENTS FROM 
w-BUTYL ALCOHOL. 

By Roger Adams and C S Marvel 
R eceived November 17 , 1919 

Until two years ago, n-butyl alcohol was a rare organic compound. 
Alter the discovery of the method by which star< h may be fermented to 
give acetone and n-butyl alcohol, however, this latter substance has be¬ 
come available in large quantities at a low price. It is already in techni¬ 
cal use as a solvent but comparatively little advantage has been taken 
of it for scientific purposes. 

In this laboratory, a number of compounds which weie needed for cer¬ 
tain scientific investigations and which previously had been extremely 
expensive and difficult to produce, have been easily made from n-butyl 
alcohol. The object of this communication is to point out the new rea¬ 
gents made available in this way and to give detailed methods for the 
preparation of some of the more desirable ones, such as butyl cyanide, 
tt-valeric acid, ethyl n-valerate, n-amyl amine, M-amyl alcohol, n-butyl 
malonic ester, «-caproic acid, a-bromo and or-aminu a caproic acids. 

Butyl bromide can be made from the alcohol in almost quantitative 
yields and converted with ease into butyl cyanide Tins product by re- 
duction gives smoothly »-amyl amine; on the oilier hand by hydrolysis 
with alkali or by treatment with sulfuric acid and an alcohol, it will rive 
respectively «.valeric acid or its esters, compounds which have always 
to.« to potato,,, i„, pim 5 ate Bv 

ethyl -veta*, e ,,„yl .total c » “ 

IS one of the most interesting of tv,., i , ° er t ts ' Caproic acid 
distribution in many fats and oils atty . aClds f * cause of its wide 

nor-leOcine is especially important n 5 aaniln " denv ative known as 
hydrolytic products of brain protem^lw ° CCUrTC,K * amon 8 ^e 
readily prepared by condensing n .h, * i u Capr ° 1C acid can he very 
give a-butyl malonic ester, then sanonifi . r ° mide with ester to 

latter compound; the a-bromo caproic achd ^ et '° mposition <* this 

nation of n-butyl malonic acid L d ^ obtai hy the bromi- 

Smce a-amino-n-caproic acid or Ioss <>f c =‘ r ^® dioxide, 

bromo acid, it is thus possible to syath^dw directl y fr «n the 
quantity. ' es,ze thls interesting amino add in 

n-Butyl Bromide, Preparation.-Th„ 

preparation of this substance 
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has already been described in detail in a preceding paper on "Alkyl 
Bromides.'' 1 

n-Butyl Cyanide, Preparation.—In a 5-liter round-bottom flask 
holding a reflux condenser are placed 690 g. (14 mols) of powdered sodium 
cyanide, 690 cc. of water, 1575 g. of 95% alcohol and 1575 g. (11,5 mols) 
of butyl bromide. The mixture is refluxed on a steam bath for 25-30 
hours and then cooled. The sodium bromide which has separated, is 
filtered off by suction and the filtrate distilled with a very efficient frac¬ 
tionating column. The first fraction distilling at 78-85° is chiefly alco¬ 
hol and can be used again in a subsequent ran. The second fraction 
boiling from 85 to 140° and consisting of a small amount of alcohol, water 
and butyl cyanide is treated with calcium cliloride. Two layers separate, 
the upper of which is dried over calcium chloride and then distilled. The 
portion which boils between 138 and 141° is butyl cyanide. The low 
boiling material if again dried over calcium chloride and redistilled, gives 
a further quantity of product. The total yield amounts to 720-765 g. 
(75-80% of the theoretical amount). The success of the whole experi¬ 
ment depends upon the care with which the fractionation is earned out, 
especially when distilling the first fraction. The complete distillation of 
such a run as has just been mentioned, using a 20-inch column filled with 
broken glass should take from 10 to 12 hours. During this process 3 
times the amount of liquid should condense and flow back into the flask 
as distils over. In this way, the alcohol is quite efficiently separated from 
the other products and the butyl cyanide is then obtained in 80% yields. 

Discussion of Reaction.— A few runs were attempted, using 95% alcohol 
in place of the water and alcohol, but in no case did the yield go above 
50%- of the theoretical amount. 

If efficient fractionation is not carried out, the yield will drop to 60- 
65% of the theoretical amount. Undoubtedly with a more efficient col¬ 
umn than the one mentioned above, the distillation could be carried on 
more raipdly with just as satisfactory’ results. In carrying out several 
runs, using */» of the quantity described above, yields of 75-80% were also 
obtained. The 25-30 hours refluxing is quite necessary, since 10 hours* 
refluxing gives only about 50%, yield. A recovery of about 1800 cc. of 
80% alcohol is made in each run. 

The butyl cyanide always contains a fraction of 1% of isonitrile, which 
gives it a very objectionable odor. The amount present, however, is 
comparatively small and fra practical purposes may be disregarded. 

Butyl cyanide has already been described in the literature* and has been 
made from butyl bromide and alcoholic potassium cyanide by heating 
under pressure. 

1 Tats Joouial, 4a, 299 (1920). 

* Am., 158, *71 j 189,58 (187*). 
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>»-Valeric Acid, Preparation. —In a 3-liter round bottom flask fitted 
■with a reflux condenser are placed 245 g. (5 mols.) of powdered sodium 
cyanide and 245 cc. of water. After practically all of the sodium cyanide 
has dissolved, 548 g. of 95% alcohol and 548 g. (4 mols.) of butyl bromide 
ere added. The mixture is refluxed for 30 hours on a steam bath and then 
allowed to cool. The butyl cyanide, alcohol and excess of butyl bromide 
are filtered by suction from the sodium bromide which has separated 
during the reaction. The filtrate is placed again in the 3-liter flask with 
2I d g- (5 mols.) of sodium hydroxide dissolved in a small amount of water. 
This mixture is refluxed for about 24 hours on a steam bath and then dis¬ 
tilled in order to obtain the alcohol When most of the alcohol has been 
recovered in this way, the remainder of the solution is poured into a large 
evaporating dish and heated over a free flame or over a steam bath for 


several hours longer in order to be sure that all of the alcohol has been 
driven off. If this is not done, the final product is invariably mixed with a 
small amount of ester formed diming the acidification process. The sodium 
valerate solution is now cooled, transferred to a flask and acidified with 
300 cc. of about 50 f <' sulfuric acid. This sets free the valeric acid which 
then is separated dried over calcium chloride and distilled with a frac- 
tionatmg column The portion boiling between 183 and 186° is collected 
and amounts to 330 g. (81% of that theoretically possible). By treating 
the water layer after acidification with 100 cc. of ether, shaking and 

rield of mS h J e “ T g ° Ver CatC,Um CM0dde and dlstil, «W- a further 
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ti-Valeric add has been mentioned many times in the literature. It 
has previously been produced by the action of alkali on butyl cyanide; 1 
by the action of silver on a mixture of ethyl iodide and £-iodopropkmic 
acid;* by the oxidation of a-oxy-n-caproic add;* by the reduction at 
levulinic acid with hydriodic acid or by electrolytic reduction; 4 by the 
action of hydriodic acid on valero-lactone ;* by the action of bacteria on 
calcium lactate;* by the decomposition of n-propyl malonic acid;* by the 
oxidation of castor oil by nitric acid;* by the action of enzymes on valer- 
aldehyde;* by biochemical change of a-pyrollidine carbonic acid; 1 * by the 
action of sodium ethylate on methyl-pyrazolidon. 11 

Ethyl-w-Valerate, Preparation.—In a 5-liter round-bottom flask 
fitted with a reflux condenser is placed one kg. of 95% alcohol. This 
is well cooled and one kg. of cone, sulfuric acid is gradually run in To 
this mixture is now added 415 g. of butyl cy anide and the whole is re¬ 
fluxed for about 10 hours. After cooling, the reaction mixture is poured 
into ice water, the upper layer of alcohol and ester separated, dried over 
calcium chloride and distilled with a fractionating column. The portion 
boiling at 142-146 0 is collected. The low boiling fractions, after drying 
again and redistilling, yield a further amount of pure ester. The total 
yield of finished product varies between 565 and 595 g. (85-90% of the 
theoretical amount). 

Discusswv of Reaction .—Several runs by the method just described were 
made and in practically every instance very good yields were obtained. 
An attempt was made to see whether ethy 1 «-valerate could not be pro¬ 
duced from the crude reaction mixture containing butyl cyanide, instead 
of isolating the pure butyl cyanide. A number of experiments, however, 
showed that as good results could not be obtained in this way. A very 
brief description of the procedure is given below because it is possible 
that this method might be developed into a more satisfactory one. A 
mixture of 115 g. of powdered sodium cyanide and 115 g. of water with 
265 g. of 95% alcohol and 265 g. of butyl bromide was made and refluxed 
for 30 hours. The layer of butyl cyanide and alcohol was separated from 
the salt and water, treated with 570 g. of cone, sulfuric acid and the 

1 dim., 239, j8 (1871); Ibid , 233, J 7* f«886). 

'£■ Chem ., 5, 342 (1869). 

* Her., 9, 1840 ((876); to, 231(1877). 

•dim., 236; 208, 110 (1881); Z . EUcirachem ., 17,371 (1911). 

•dim., 226, 348 (1684). 

• Bur., 13, 1309 (1880); 14, 1084 (1881). 

' Mi ., ry, 2304 (1884). 

* Ibid „ fa 1 *2, 438 (1889). 

• Bietlum . Z ., 28, 289 (1910). 

’* Mi ., 37,490 (1911). 

u dim., 394, 90 («0i>) 
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BHxtocc refluxed about 10 hours. The product was worked up as de- 
scribed under the preparation using pure butvl cyanide. The yield 
amounted to about 120 to 125 g. (47-49','. of the theoretical amount, 
based, on butyl bromide, or 68-71% based on the butyl cyanide which 
actually can be obtained from the butyl bromide) 

Ethyi-tt-valerale has already been made bv the electrolysis of sodium 
propionate and potassium ethyl succinate, 1 by me action of alcohol upon 
n-propy 1 -ti- butyry 1 acetic ester; 8 by the esterification of valeric acid with 
sulfuric acid and ethyl alcohol. 5 

n-Amyl Amine, Preparation. —In a 5-litei round bottom flask fitted 
with a rubber stopper holding a reflux condenser, dropping funnel and 
efficient mechanical stirrer are placed 276 g of sodium and 1000 ee. of 
toluene. The mixture is heated until the toluene commences to boil, 
at which point the molten sodium is stirred vigorously, a procedure which 
soon produces an emulsion. A mixture of 166 g (2 n iols ) of butyl cy¬ 
anide and 300 g. of absolute alcohol is non added to the flask through the 
dropping funnel (one hour . During this addition and subsequent addi¬ 
tion of alcohol and water, the stirring should be vigorous and the tem¬ 
perature regulated so that refluxing is continuous, in general the heat 
of reaction is all that is required. After all of the butvl evanide solution 
has been added, 300 g. more of absolute alcohol is gradually added. To 
decompose any sodium which may still be present, the reaction mixture 
b treated slowly with 200 g. of 95% alcohol and then 100 g. of water 
About 3.5 hours are required up to this point. The contents of the flask 
are now steam distilled (3 hours) and the cbstiUate treated with 200 oc 
of cone hydrochloric acid. The toluene is removed and the water' 

sssr-'S uy « \' M ' d 

stsesr. F“ r 

w,«,,! w™**. 

droxide and distilled. The portion T d ' d d ° ver sodmm fay- 
material. The low boiling hactmn afte? “ C ° I!ected M P Hre 

droxide and redistilling g i ves ^ additi £‘ nS aca!n wer sodwin by- 
number of runs, the y££Z£ tf “** « 

™ ( 57 - 68 % of that theoretically Z"ible! ^ ”° ° f *"« «*»> 
Discussion oj Reaction.— Although it ’ • 

absolute alcohol, the yield does not dronnff qUI ' neccssar y *0 have good 

' fc,*,« d '° ! ' 01K «tkh opoiLw 

piys - (8J19, 204 figio) 

RnA., 165, 117 (1873); jj 3> 273 (jgggj 
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as it does in the reduction of ethyl-n-valerate when even the smallest 
amount of water is present. 

Is distilling amyl amine, it is advisable to have the side arm of the 
flask extend a considerable distance into the condenser. This prevents 
the vapors from coming in contact with the cork and becoming colored. 

Stirring should be efficient so as to prevent the caking in the reaction flask 
when the cyanide-alcohol mixture or subsequent alcohol addition is made. 

w-Amyl amine has already been prepared by the action of sodium 
hypobromite upon n-caproic acid amide, 1 by the action of phosphorus 
pentachloride upon benzoyl-piperidine and then subsequent reduction 
and hydrolysis. 1 

u-Amyl Alcohol. —In a 5-liter round-bottom flask, the stopper of 
which is fitted with a large Y-tube, one branch holding an efficient re¬ 
flux condenser and the other dosed with a stopper, are placed 156 g. of 
ethyl-n-valerate and 2500 cc. of absolute alcohol (d 3 ' 5 0.785). To this 
mixture is added through the Y-tube 280 g. of sodium in small pieces 
at such a speed that vigorous refluxing is continuous. This requires 50 
to 60 minutes. The mixture is now refluxed for 2 to 3 hours longer in 
an oil bath to be certain that all of the sodium has dissolved. The re¬ 
flux apparatus is replaced by an effident fractionating column (at least 
a 20-inch column filled with broken glass) and condenser set downward 
for distillation. The mixture is distilled from an oil bath; in this way 700 
cc. of absolute alcohol is recovered The residue consisting of amyl 
alcohol and sodium ethylate is treated with 1000 cc. of water and the 
distillation carried on again until the temperature of the vapors reaches 
83°, indicating that practically all the alcohol is removed. The oil bath 
must be heated to about no or 120° in order to cause the liquid to distil 
over. In this way between 1800 and 1900 cc. of about 90(0 alcohol is 
recovered. The procedure thus far requires t —1 */* days’ time. The 
fractionating column is now removed and the amyl alcohol steam distilled 
from the reaction mixture, about 500 to 600 cc. of distillate earning over 
before all the alcohol is removed. This requires about 1.5 hour. The 
alcohol is separated, dried over potassium carbonate, and distilled. It 
is quite necessary to dry carefully in order to get a dean product which 
boils at the right point. By drying again the low fraction from the first 
distillation a few more grams of good material is always obtained The 
yield amounts to 97-105 g. (56-61% of the theoretical amount). 

Discussion of Reaction. — The alcohol used for the reduetko must be 
absolute. A lower grade causes the yield to drop very rapidly with a 
large increase in amount of valeric add farmed. 

* Btr ., 15, 770 (18A1); Ann ., 233, 253 (188A); J . Russ. fhys. Chan - Sec ., »9, 455 

* Btr., 43 ,3396 (1910). 
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T’-By distilling tlie 90% alcohol again through a good column and frac¬ 
tionating the residue, 6 or 8 g. more of pure amyl alcohol is obtained, 
the Original distillation must be earned out very carefully and slowly or 
else a large part of the amyl alcohol comes over with the ethyl alcohol and 
is consequently lost. Undoubtedly a more efficient frationating column 
Would give a somewhat better yield and in a shorter period of time. 

the alkaline solution after the distillation of the n amyl alcohol may be 
cooled and acidified. Valeric acid separates, is dried and distilled. The 
yield amounts to 15-25 g. 

the reduction should lie run as rapioly as possible in order to prevent 
the caking of the sodium ethylate which is formed 

re-Amyl alcohol has already been made In several methods, the reduction 
of valeraldehyde by sodium amalgam; 1 by the hydrolysis of amvl chloride 
with potassium acetate; 2 the fermentation of glycerine; 1 bv the action of 
silver nitrite upon re-amyl amine hydrochloride, 4 by the action of enzymes 
upon valeraldehyde,* by the action <>i silver oxide upon amyl iodide;* 
by the reduction of acetopropvl deolol with rim amalgam and hydro¬ 
chloric acid. 7 


re-Butyl Malonic Ester, Preparation.-In a 5 liter round-bottom 
flask fitted with a rubber stopper holding a reflux condenser, separatory 
funnel, and mechanical stirrer, is placed 2.5 liters of absolute alcohol 
To this alcohol is added gradually u 5 g of sodium cut into thin slices. 
The sodium alcoholate solution is cooled somewhat and 825 g. of malonic 
alter allowed to flow in slowly through the separatory funnel Stirring is 

r ? aD i d 5 °* *' bUtyl !,roinkIe is gradually run in 'Hie re¬ 
action starts almost immediately and refluximr 1 , • 

* •*? "«<» «*■ 

the time required is about one hour. The reaction ft, J 

upon a steam bath and the mixture refluxed until nr , U " ^ P ^ 

This point is reached within 2 to 3 hZ Th , 

removed, a new one holding a condenser set f r , t0pper lhe flask 14 

attached and the alcohol distilled off r downward distillation is 

An equal volume of water is added to the T ° ^ C<>ho! >s rec overed, 
malonic ester separated and distilled under dT'- ^ ^ ° f n ' butyl 
bofling portion comes over first consistin ? ! ^ PresSUre ' A lw 

butyl bromide, then a small intermediate'f» JL?? " tt * , md 

'■Ann., i S9) 7 o (187,). rtWn 01 ^changed malonic 

‘Ibid., 161 , m ( l8 „) 

• BuU.icc.ckim, [2)48, 803(7*87) 

Ann., 233, 2 53 (l886) _ 

‘ Bwkm. Z„ 28, 3 g 9 (l91o) . 

Arm.chm.phys ., {8 j JSi 3(5o ( 
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ester and finally pure «-butyl malonic ester boiling at 144-145 0 at 40 mm. 
The yield is 960-990 g. (89-92% of the theoretical amount) of material 
collected over 5 0 . Under ordinary pressure the n -butyl malonic ester 
boils at 235-240 °. 

Discussion 0} Reaction .—The quality of the alcohol used has a very 
marked effect on the yield of product. It should be absolute A trial 
ran with alcohol of 98.4% purity gave a 66% yield. 

n-Caproic Acid, Preparation.—In a 5-liter round-bottom flask fitted 
with a stopper holding a reflux condenser and separatory funnel, 500 g. 
of potassium hydroxide is dissolved in 500 cc, of water. To this hot solu¬ 
tion with frequent shaking, 500 g. of «-butyl malonic ester is added slowly 
through the separatory funnel. The hydrolysis proceeds rapidly and by 
the time the butyl malonic ester has been added, the saponification is 
practically complete and the solution is clear. The stopper is removed 
and the flask heated for 1 or 2 hours on a water bath to drive off most 
of the alcohol and to insure complete hydrolysis. The stopper, with re¬ 
flux condenser and separatory funnel, is again attached and the reaction 
mixture is then acidified with 1500 cc. of cone, hydrochloric acid (sp. 
gr. 1.19), the acid being added slowly enough to prevent foaming over. 
This mixture is then refluxed for 4-5 hours, after which time the reaction 
is nearly complete and a layer of caproic acid appears on the surface. 
The condenser is set downward for distillation and the solution distilled 
until practically all of the liquid has come over. From the distillate, the 
upper layer of caproic acid is separated and 300 to 400 cc. of the water 
layer is added to the main flask and again distilled off. The caproic 
acid is again separated and the total aqueous solutions combined and 
salted out with calcium chloride. About 4 g. of caproic acid per liter of 
aqueous solution is thus obtained. The distillation as described requires 
about half a day. The caproic acid is dried over calcium chloride and 
distilled. It boils at 200-205 The yield is 2cx> g. (74% of the theoretical 
amount). 

Discuss um of Reaction .—In place of the potassium hydroxide for the 
saponification of the butyl malonic ester, sodium hydroxide was used 
in one or two experiments. Under these conditions, the hydrolysis did 
not proceed nearly so rapidly and it was necessary to boil it under a re¬ 
flux condenser for 2 to 3 hours to tie certain of the completion of the re¬ 
action. The difficulty with sodium hydroxide is due to the fact that an 
organic sodium salt separates, yielding a semi-solid mass, thus making 
several hours refluxing a necessary procedure to be sure all the ester is 
saponified. The difference in the price of potassium hydroxide and sodium 
hydroxide is inconsiderable in comparison with the price of the caproic 
acid and it is, therefore, advisable to use potassium hydroxide. 

After the butyl malonic ester has been saponified to the butyl malonic 
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add, several ways of decofnposing it to caproic acid besides the method 
described above were carried out. First, the solution of the potassium 
salt oi the butyl malonic acid was acidified, cooled and extracted twice 
with ether. This ether solution was dried with calcium chloride and the 
solvent evaporated. Butyl malonic acid remained behind, which by heat¬ 
ing to 160-170°, decomposed rapidly and gave off carbon dioxide. Care 
had to be taken to condense alt the caproic acid which was carried along 
with the carbon dioxide. Starting with 250 g. of ester, 154 g. (57% of the 
theoretical amount) oi acid thus resulted. Second, the potassium salt 
of the butyl malonic acid was acidified, refluxed in the way described 
above and then after coo'mg, the caproic acid was extracted directly with 
ether. Under these conditions, some tarry products were always ob¬ 
tained with the caproic acid and the yield of pure material amounted to 
not over 63^ oi the theoretical -amount. Third, the potassium butyl 
malonatt was made ami acidified as in the second procedure just described. 
Instead of extracting with ether at this point, a steam distillation was 
earned out until no more caproic acid came over. It required a distillate 
of 3 to 4 liters before all of the caproic acid was obtained. This distillate 
was salted out with calcium chloride, the caproic acid separated and dried 
in the usual way, then distilled. Not over 66'.; of the theoretical amount 
resulted. The larger yields of about 75% when the procedure is carried 
out as m the mam experiment, may be due to the longer heating with the 
add, during the process of distilling off the caproic acid after it is first 

T y rate this melh0<J> gh '“ R the best is at the same 

time the most convenient one. 

arid ?: bUtyl maW eSter iS not heated 1 to 2 h( ^ with alkali, a little 
acid ester remains undecomposed. This yields 

decomposition ethyl eaproate a subtW*•-h * „ 

-ay from the caproic^id by 

ture ° l ? Pr ° iC aCld deSCribed * W 

tions. Thus in the SyDthCtiC ^ 

acd, a considerable amount of caproic a ' ° 1 ***** 

also good yields of caproic acid result from the i ^ “ 3 b >P roduct :‘ 
mycrozyraa} These methods, however *£ *"“"*»**» * tott with 
particular care in the regulation of the q , ? ‘" ig per[od of time and 
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drolysis 1 gives very good results; to produce this cyanide, however, re¬ 
quires starting with »-valerianie acid, a substance none too common, 
converting it first into the aldehyde, then to the alcohol, next to the halide 
and finally to the cyanide. A second synthetic process has appeared 
which involves the oxidation of n-bexyl alcohol,’ but here the same diffi¬ 
culty, namely, the scarcity of hexyl alcohol, presents itself A more re¬ 
cent method using certain decomposition reactions of piperidine’ is almost 
as impractical as the preceding ones. Finally, the oxidation of castor oil* 
with nitric acid yields an appreciable amount of caproie acid * This 
method, however, gives only a small yield of product and at the same 
time a mixture of substances from which the pure add must be fractionated. 

a'Bromocaproic Acid, Preparation.—In a 1.5-liter round bottom 
flask, 216 g. of potassium hydroxide is dissolved in 216 cc. water. To 
the hot solution 216 g. (1 mol.) of butyl malonic ester is added in portions 
(10-15 min.), shaking after each addition. The saponification proceeds 
rapidly. The reaction mixture is then heated for 1.5 hours on a steam 
bath to complete the reaction and to remove the alcohol which is formed. 
The flask is set in an ice-salt bath and cooled to o°, after which the solu¬ 
tion is made add to Congo red paper by adding cone, hydrochloric acid 
(about 500 cc. of acid of sp. gr. 1.19). The butyl malonic acid is now 
extracted with ether, 3 portions of 200-250 cc each being used. The 
ether solution without drying is placed in a flask under a reflux condenser 
and 50 cc. of bromine (1 mol) is gradually run in (1.5 hr.). The reaction 
is started at room temperature but the temperature soon rises until the 
ether boils The ether solution is now washed with water to remove the 
hydrobromic acid, dried over calcium chloride and then distilled until 
all the ether is removed. The crude bromobulyl malonic acid is heated 
in an oil bath to 125-130° until no more carbon dioxide is given off and the 
bromocaproic acid thus formed is distilled under diminished pressure. 
A very small fraction of low boiling material, probably caproic add, and 
then the main fraction of a-bromocaproic acid boiling at 148-153° at 
30 mm. are obtained. Practically no higher boiling fraction remains. 
On the first vacuum distillation it often happens that a little carbon‘di¬ 
oxide comes off, making it almost impossible to get a constant pressure - 
Hence, ^t is advizable to distil all the material over first and then redistil 
with careful fractionation. The yield of product is 140 g. (71% of the 
theoretical amount.) 

Discussion of Reaction. —a-Bromocaproic add has thus far been marie 
by the action of bromine cm caproic acid in a sealed tube at 140-145°* 

* A**., 159* 75 (1871) 

* fbi 4 „ tftfc 199 (»«7*)- 

* 45 > 3399 {19*0). 

* Bail. toe. dtim.. txl XU 00 tifkul. 
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or by the action of br omin e and phosphorus on caproic acid and subsequent 
hydrolysis of the acid bromide , 1 but neither of these methods is as easy 
as the one just described. 

a-Aminocaproic Acid.-Several experiments were carried out to 
produce a-aminocaproic acid from a-bromocaproic acid. The exact 
method of Abderhalden 2 was used, 140 ft- of the bromo acid being em¬ 
ployed in each run. The yield of pure product amounted to about 61 g. 
The first crop of crystals was about 45 g- and the second crop obtained by 
concentration of the mother liquors to crystallization and addition of 
an equal volume of alcohol gave 16 g. Further treatment of the mother 
liquors as described by Abderhalden did not increase the yield appre¬ 
ciably. The material, after wasliing with alcohol, is practically pure; if 
small amounts of colored products are present, thev are easily removed 
by crystallization from water. 

Discussion oj Reaction.— This preparation has already been described 
in several communications and has been made by the action of ammonia 
on a-bromocaproic acid, 3 the details (icing giien in the paper by Abder¬ 
halden. 4 This investigator claims rex/ ,’ yields but in the experiments 
carried out in this laboratory following his directions, only 65% yields of 
pure prexhict were obtained 

Summary. 

1. It has been pointed out that the commercially available «-butyl 
alcoholis a valuable material for the preparation oi (A) n amyl derivatives, 
and (B) w-caproic acid and its derivatives. 

2. Detailed directions are given for the production of M-butyl cyanide, 
n-valeric acid, ethyl 11 -valerate, ii-ainyl amine, 11-amyl alcohol, ?; caproic 
acid, a-bromo-u-caproic acid and a amino 11-caproic acid. 

Urban a, III. 
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Notes on Qualitative Analysis. By Louis Agassiz Test aku H. M. McLaughlin. 
Ginn and Company, 1919, i v -f- 92 pp 1.5 s y ,,, , ,. ln 

The book contains 24 pages given to the development of the theory 
of solutions and the law oi mass action, followed by directions for ex 

radicals anTt 2 “ of the comm<m metallic and non-metallic 

radicals and tables for use in systematic analysis. A list of 162 questions 

Set XT Sr nde t baSe m U,K,n thC PraCtk " Ml(1 ***>' 

wdghts conclude ^"0^^ ? ^ e,m<mK a " d 8 Uble of atomk 


1 Z. physiol. Chem., 16, 
1 Ibid., 86, 454 (1913). 


454 (1913). 
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The authors have prepared the book to be used by their students at 
Iowa State College, in a one-term course of 6 hours per week, taken be¬ 
fore the study of general chemistry has been completed. This calls for an 
abbreviated treatment of the subject, and the authors are to be highly 
commended for having kept this limitation honestly in mind in writing 
their text. The subject matter included is such as can be presented to a 
class in a term's work and assimilated by them—a qualification possessed 
by but few texts on qualitative analysis that have been written with that 
end professedly in view. Those who have searched the market for a 
suitable laboratory guide for a course of one term know how rare it is to 
find a “brief" text on qualitative analysis in which the brevity is analy¬ 
tically detectable; and these will thank Messrs. Test and McLaughlin for 
adding one to the short list of such books. 

The experiments on the reactions of the metals are well selected and the 
methods for systematic analysis are generally simple and workable. The 
treatment of basic theories in the book is excellent m its scope and stimu¬ 
lating to a beginning class in analysis, Viut open to much improvement in 
method and form. There are occasional misstatements and many in¬ 
accuracies, all of which should disappear from later editions. There is 
also improvement possible in the general composition, which suffers from 
crowding more kinds of material into a paragraph than the best usage 
permits. 

The following statements seem to the reviewer to be errors which the 
authorB will wish to correct in their revision of the work. It is not well 
to speak of the “direction of a reversible reaction" (p. 9), nor to recom¬ 
mend to students the use of the word “strength" instead of concentra¬ 
tion (p. 3), at any rate in a text written from the standpoint of the disso¬ 
ciation theory. In deference to the same theory, the solubility of barium 
chromate in strong acids should be explained as due to the formation of 
relatively weak chromic or dichromic add and not to the formation of the 
Cr t Oi ion (p. 34); and the failure of cnlrium sulfate solution to produce 
precipitation in solutions of other calcium salts can hardly be because 
"the sulfate ions are already in combination with calcium ions." (p. 35). 
The peculiar behavior of nickel and cobalt sulfides upon treatment with 
adds is due to their low rate of solution, and not to their insolubility 
(p. 3%). Since hydrogen peroxide does not oxidize chromic hydroxide, 
it would be better (p. 53) to substitute sodium peroxide for it in the equa¬ 
tion, as is actually done in the laboratory directions. These and other 
statements will need to be doctored somewhat heroically before the au¬ 
thors can be safe from the critical undergraduate who is looking for in¬ 
consistencies hi bis teacher's doctrine. 

The book is good enough so that it is to be hoped that the authors will 
make it better at another trial. It is suggested that a table be inserted 
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giving the concentrations of reagents used in the work of the course; it 
Would be helpful to students and to teachers who adopt the book for their 
classes. Arthur E. Hill. 


in Introductory Course in Quantitative Analysis, with Explanatory Notes, Stoicho- 
metncai Problems, and Questions By George McI'hau, ShiTB, Associate 
Professor of Chemistn in the University of Illinois. The Macmillan Company, 
New York 191Q x 4 - ro 6 pp 3 ill. 13 X 19 cm. Price, $1.73. 


This book is divided into 5 parts: Part I, 52 p., dealing with general 
discussion of the tneories and practice of quantitative analytical opera¬ 
tions; Part II, 46 p.. consisting of typical gravimetric procedures; Part 
III, 62 p., consisting ot typical volumetric procedures; Part IV, 19 p., 
dealing with methods of solving problems, together with 100 problems 
for solution by the student, Part V, 15 p , consisting of a series of questions 
concerning the procedures 

In subject matter and in method of treatment the book does not differ 
greatly from the well-known text by Talbot on the same subject, the 
chief differences being a much more complete general discussion, a some¬ 
what greater number of experimental procedures (especially in volumetric 
methods), and the questions concerning the experiments 

The general discussion (Part I) is unusually detailed for an introductory 
manual; much of it is obviously meant to be assimilated gradually by the 
student as he becomes more familiar with the subject. For the most 
part the material is well selected and clearly written, although in a few 
places (e. g., p- 31 and p. 33) description of a process and experimental 
direction are somewhat confused. The reviewer would suggest that 
where the subject of “weighing” i-, to be discussed m such detail (14 p.), 
a reference to Richards’ "The Calibration of a Set of Weights,” 1 and also 
a specimen table showing the arrangement of data might well be ia- 


The analytical procedures are very well chosen, and the directions 

offer" ftT w! anaiylical I ,raclicc ' being “sufficiently detailed to 

^ t wlf } T ° PPOrtUnity for *** -tray, and thus to ZZ 
Each procedure^follow^bT amountof Personal supervision." 
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of standard solution for the amount 'he correction of the volume 
“end-point." necessary to produce the darne d 

1 This Jotnupu,, 22, 144 ( l90o) . 
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The problems in Tart IV serve a useful purpose, and the questions in 
Part V will be instructive and suggestive to both student and instructor. 

Typographical errors are few for a first edition, and the appearance of 
the book is very satisfactory, although something might be gained at the 
expense of a few additional pages by placing the separate “Determinations” 
at the top of the page. There are a few instances of carelessness; thus 
in the section on ‘‘crucibles" only porcelain, quartz, alundum, and plat¬ 
inum are treated, while later “palau (also called rhotanium)” and again 
"palladium-gold" crucibles are used or referred to without explanation. 
Also the reviewer takes slight exception to the direction to “fume off the 
sulfuric acid" (p. 82), but after all these are very’ minor criticisms. 

Altogether, Professor Smith has written a text which will undoubtedly 
prove a very valuable addition to the present list of texts on Quantitative 
Analysis, and one wliich will be found especially suited for use with large 
classes which are to be given a rather thorough introductory' course. 

Graham Edgar. 

Recent Discoveries in Inorganic Chemistry. By J Hart-Smith Cambridge Uni¬ 
versity Press, Cambridge, England. 1919. 88 pp 15 X 2J cm. Price, $1.40. 

The author states in his preface that his object lias been to give some 
account of the more important discoveries in inorganic chemistry within 
the last 15 years, so far as they concern the subject as usually taught in 
schools. In this he has been successful, for this small volume will cer¬ 
tainly furnish a stimulating supply of new material to the teacher of in¬ 
organic chemistry, dependent on the somewhat shop-worn information 
offered by the standard text books on this subject. 

The title of the book is, however, unfortunate, unless the adjective 
‘‘recent” be interpreted from a very philosophical and almost geological 
point of view. Most of the subject matter is io years old, much is 15, 
and hardly any of it, perhaps naturally enough, is less than 5 years old. 

The treatment too is sketchy and incomplete when compared with the 
similar work by Stewart, or even with the chapters on inorganic chemistry 
in the annual reports published by the London Chemical Society. In 
spite of this qualification we have run across many' interesting things in 
this book which we did not know before, and very likely other people will 
have the same experience. .Arthur B. Lamb. 

The Chemistry tad Manufacture of Hydrogen. First Edition. By P. I.ithbrjuand 
T orn, A.R.S.M. (Minins and Metallurgy), A.I.MH., Major, R. A. F. Lcu*- 
mana, Green and Co., New York (Edward Arnold. London), 1919. vii 152 
pp. sa fig. 31.5 X 14 cm. $3.40 net. 

This bode was written for English raiding as indicated in the preface. 
It is a general review of what has previously been published and seems 
to the reviewer to contain nothing new. 

The binding is not so good, but the type is ckar and the rearer*! s**»« 
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is fair, although it could have been greatly improved if the composition 
were better balanced by the heavier type for the titled subjects treated. 
The majority of the figures in the illustrations are old and should have 
been replaced by later designs. 

Chapter I states that hydrogen is used for war purposes, for inflating 
balloons, in the conversion of olein and other unsaturated fats and their 
corresponding acids into sterin or stearic acid; and in the production of 
synthetic ammonia. No mention is made of its use in the cutting and 
welding of metals or in the production of synthetic stones and other minor 
uses. Chapter II treats the chemical properties of hydrogen as outlined 
in chemical text books. However, the omission in this chapter of the 
properties of hydrogen as a deodorizing and purifying agent for fish and 
vegetable oils is unfortunate. Chapter III relates to the manufacture of 
hydrogen by chemical methods. The silicon process is treated in this 
chapter in such detail as to indicate that the author lias been in personal 
touch with the subject. Chapter IV a continuation of the discussion of 


the manufacture of hydrogen by chemico-physical methods, relates only 
to the Linde-Frank-Caro process. Chapter V (final) treats of hydrogen 
production by electrolysis. Four types of electrolyzers (cells) are de¬ 
scribed, although two of these types are not now manufactured, having 
been replaced by improved types, the remaining types were in use in the 
early stages of development of electrolytic cells and now are seldom in 
demand. This chapter doses with a brief description of the Castner- 
Keller cell for the production of caustic soda and chlorine, and hydrogen 

as a by-product. The appendix contains tables and physical constants 
relating to hydrogen. 


n yr , Wh0 desire gcncral infonnation on the subject of hydrogen will 
find the book interesting reading. 1L L KaLxtz. 

Springer, Berlin. 14 Mk ' 5 ^ 3rd bdituxn. 1916. Julius 


This third edition is a complete revision of the earlier editions It con. 

1 *. 

much that was obscure, an/formujas Hl ' ce111 i ’’ Qrk has clarified 

of distillation apparatus that for *7 **“ dt ' nved for tie bui Wmg 
little to be desired.’ By their anolirat’ d ^ VaUon and simplicity leave 
for the separation of two complete!- 'u *'! SpeclflCali()ns for apparatus 

determined. The necessary physical Z'l for V t dkUUatian ““ ** 
stances have been collected from' ^delv .. lCaUon to specific sub- 

has added data for a number of ifo.Jj d f U ?^ U ' d sources “d this author 
. The book is ? f- 

tiUation apparatus and describes in detail the rtf'* Wth *** thsory °* 

aetat] the characteristics of distilling 
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apparatus and condensers for periodic and continuous operation. The 
second part considers the handling and practical applicati mi of the ap¬ 
paratus in the separation of a number of mixtures. The number is limited 
to typical examples and includes ethyl alcohol and water, methyl alcohol 
and water, acetone and water, acetone and methyl alcohol, acetic add 
and water, formic acid and water, ammonia and water and the fractional 
separation of liquid air. The third part is made up of tables giving data 
for various mixtures and physical constants for liquids and vapors. 

Apparatus for the separation of only two substances is considered as the 
information on mixtures of more than two liquids is very meagre; and, as 
the theoretical considerations of all possible combinations would lead to 
endless complications, the more practical applications has e been considered. 

R. O. E. Davis. 

Handbtich der Phygitalfflch-Chemischen-Technik. By Prof. Dr. Kckt Arndt, 
Priv*tdorent an der K. Techn Hochscbule m Berlin. 833 pp. 644 figs. 17 X 24 
cm Ferdinand Enke, Stuttgart 1913. 37 20 Mk. 

The author has presented in this book a surprisingly large amount of 
information on physical-chemical apparatus and technique. The subject 
matter has been collected from a very large number of scientific journals 
and publications but particularly from the Zeiischriji fur pkysikaltsch* 
Chemte and Zeitschnjt fur Elektrochemit, references being given to the 
original articles in all cases. 

The scope of the book is, perhaps, best described by referring to the 
principal points discussed, there being a chapter on each of the following 
subjects: general laboratory technique, electric ovens, pumps, thermostats, 
stirring devices, pressure regulation devices, analytical balances, and 
measurements of length, surface and volume, gas pressure, partial pressure, 
osmotic pressure, solubility, time, temperature, melting point, boiling 
point, heat, specific heat, viscosity, surface tension, diffusion, electrical 
resistance, dielectric constant, transference number, electric current, 
voltage, and optical constants. Each subject is discussed at some length 
and well illustrated by figures. Thus in the chapter cm measurement of 
heat quantities, the best forms of apparatus so far developed and the tech¬ 
nique for measuring reactions in solutions, the water equivalent of a calo¬ 
rimeter, heats of combustion, heats of evaporation, very small quantities 
of'hcat, together with calorimeters for high temperatures are well described 
and are illustrated by 36 figures. 

In the manner of presentation the author has been very successful, 
an easily readable style having been retained in spite of the great condensa¬ 
tion of material that was necessary. The general principles underlying the 
subject matter of a given chapter are first presented very briefly, yet 
ckarly in a few paragraphs, after which the subtopics are discussed and 
illustrated. Purely theoretical discussions have been *vn«wi »> 
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as far as was consistent with the proper presentation of the subjects. The 
book contains a very detailed table of contents as well as an author and sub¬ 
ject index. 

This manual should prove to be especially useful to the less experienced 
investigators in physical chemistry, for in no other book is the field so 
thoroughly covered and so well illustrated. It should also be of assistance 
to those already familiar with the field, by furnishing valuable suggestions 
in the matter of technique and apparatus to meet special requirements, 

Joseph M. Bra ham. 


Die Katalyse. Die Rolle der Katalyse in der Analytiscben Chemie. By Dr. G hr TRU'D 
Wokrr, Privatdoz University of Bern Vol II, Part 1 , Inorganic Catalysts. 
25 X i6'/i cm S03 pp 13 illustrations. Ferdinand Enke, Stuttgart. 1915.- 
28 Mk. 


Many will recall the first volume of this work by I)r. Woker, dealing 
with the general-principles of catalysis as applied in particular to analytical 
chemistry, which appeared in 1910 as Volumes 11 and 12 of the excellent 
series of monographs entitled, “Die CliemDche Analyse,” edited by 
Margosches. While that volume was bewildering in its effect upon the 
reader, nevertheless, it presented in collected form a peat amount of 
material dealing with the theory of catalysis, and displayed an amaring 
amount of erudition on the part of its author. 


The present volume, (Nos 21 and 22 of the same series) with its nearly 
800 pages of text and its innumerable footnotes and references, surpasses 
even the first volume in the profuseness and completeness of the assembled 
material. The subject matter has been arranged under the heads of the 
various catalysts involved; thus, the chapters are entitled. “Catalysis by 
Water, Hydroxyl Ion. Hydrogen Ion, Iodide Ion, Neutral Salts- Heavy 

P ° intS 0,11 in her mtr °duction that m this field we must 

Sit ssss a L trr r d ] r aso ' that ’ 

nomena as adequately exnl ■ ,j * Wt tX ’° pC sc ' cln 10 consider phe- 
really all that has been done is to^h 5 .-^' C ^ mR thcm w h™ 

1 anolhw e V>aily unknown quantity y ' TlZrtf 7° 
catalysis said in 1836 to Wohler rdf Ber7e,lus - th c discoverer of 
catalytic force' ” But to anyone wh ^ ^ We trUSt to ° ®ucb to 

there can be no question of the fertih^ ** MiSS W ° ker> 

hght which a study of this phenomenon L « 7 ° f catalysis . nor 
can shed upon the field of^hemical an ^? d ° f rC f tK ’ n velodt y has and still 
The publishers promise a second parTcrf v ? °* MOrganic cfa emistty. 
^ 10 b' d ' vottd <• bWosiol "“** “ 

Arthur B. htm . 
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TWENTY-SIXTH ANNUAL REPORT OF COMMITTEE ON 
ATOMIC WEIGHTS. 

DETERMINATIONS PUBLISHED DURING 1918 AND 1919. 

By Gkbcory Pact. Baxtb*. 

Heoeivod February 12. 1920 

For the first time since 1916 the International Committee on Atomic 
Weights 1 recommends changes in its table. In the case of elements af¬ 
fected by the report the old and new values are given below: 



1916, 

1920. 

Argon. 

. . . 39 88 

39 9 

Boron. 

11 .O 

IO. 0 

Columbium . 

. 93 3 

93 J 

Gallium... 

.. . 69.9 

70.1 

Nitrogen. 

. . . 14.01 

14.008 

Thorium . 

... . *33.4 

33*.*5 

Yttrium. 

. 88 7 

89 33 


The individual determinations published during the last two years 
are as follows: 

Helium.-— Guye* continues his discussion of general errors affecting 
atomic weight determinations, with especial reference to exact weighing and 
the microbalance. Taylor's* results on the density of helium are recalcu¬ 
lated, with the result 3.998 for the atomic weight of this element. 

1 This Journal 41, 1881 (1919). 

* J, cMim. pkyt., 16,46 (1918). 

* Phyt. R**.. 
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Boron and Fluorine.—Smith and van Jlaagcn 1 converted weighed 
quantities of very carefully dehydrated borax into a number of different 
sodium salts, by evaporation in a platinum flask with methyl alcohol and 
acid. In some cases the acid used during ‘he expulsion of the methyl 
borate corresponded to the sodium salt finally weighed In others formic 
acid was employed in the preliminary e\aporation and the formic acid 
was eventually displaced by the acid finally combined with the sodium. 
In 3 experiments the sodium fluoride which was first obtained was weighed 
and then vias comerted to sulfate quantit alivt Iv, and in one experiment 
a similar process was adopted with sodium chloride. Except in the 
case of sodium fluoride and sultate, one experiment only of each sort was 
completed The same specimen ot borax was used throughout. This 
was prepared by combining sodium carbonate with a slight excess of 
boric acid, and crystallizing the product many times with one intermediate 
fusion. Vacuum weights are given C = icous;N — i4oio;Na *■= 
22 997, S = 32.069 Cl = 33 457 

Lxpt V.'t of XjjBa* lit of mlt At t»t It At wt !■’ 


0 89853 


0 69695 


I 86458 


2 64768 


W t of lull 

XaCl 
o J.’ll) 
Na.SO, 
o 6|\i 3 
Nap 
o 29042 
Na,SO, 
o 49113 
NajSO, 

1 

X,i\ 0 , 

1 5T250 
fsttCO) 

1 03946 
NaP 
o Stttoj 

NaF 

o 66757 

NT.tt.SO4 
1 1.889 
NaF 
1 10329 
Na,SO, 

1 86 597 

At t rage. 


T ""‘*1'. If 900 J9 oo 1 

vluefa Z 7" 1 C0 ™ i,U “ "" ta. adoi , W tiia „ 

Carbon.— Stahrfoss 2 has dctermino/i «, 1 

1 Carney Inst I'ubhcaUon 267 w g ‘ aCCt >' knC - 
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and ethane. Acetylene was prepared by dropping a mixture of calcium 
carbide, potassium dichromate and ferrous chloride into water, and, after 
scrubbing and drying, was fractionally distilled. The numbers repre¬ 
sent the weight of the liter in grams. In the last column the correction 
for deviation from Hoyle’s law is applied. 


Globe A 

Globe li 

Clot* c 


Corrected 

34<> 58 cc. 

578 *0 t*c 

Mi 10 cc 

Average 

average 

1 17876 

I 17Q05 

I 17871 

1 17B84 

I .17 926 

1 17849 

I 17897 

I 17921 

i 17889 

1 17925 

■ 17843 


1 17841 

1 17841 

Average, 

I 17879 
I.17910 


Ethylene was prepared from ethyl alcohol and phosphoric acid, and also, 
after purification and drying, was purified by fractional distillation. 


Globe A 

Globe H 

ciob* e 

Correct *<1 
Aver*** averar* 

i 26030 

1 26011 

1 25997 

1 26019 r 26094 

1 26177 

1 2607R 

1 26183 

1 36146 I 26210 

1 26031 

1 26001 

fi 26196) 

1 26016 1.26096 




Average, i .26133 

Stahrfoss prefers 

to reject the second series. 

If this is done the average 

is i 261095. 




One sample of ethane was made by allowing ethyl bromide to act upon 
magnesium and decomposing the product with water. The gas was puri- 

fved and fractionated 






Corrected 

dob* A 

Cioiw a 

Clou C 

Average average 

1 3 U b<> 

1 3543 '> 

* 35502 

1 35466 1.35632 

1 13400 

1 .11482 


1 35411 1.356*1 


1 35416 

1 35521 

1 35468 1.35668 


1 15399 

1 35381 

1 35390 1.35385 




Average, 1 35629 

A second sample 

! of ethane, resulting from 

the action of ethyl cyanide 

upon sodium, was 

purified 

as above. 

Corrected 

Globe A 

Glob* B 

Glob* e 

Average. average. 

» 35493 

1 35459 

1 35325 

1 35492 1 35684 

1 ,15430 

i 35456 

1 3532 J 

1 35477 1 35701 

1 -55450 

« 33440 

1 35489 

1 33460 1 33687 




Average, t 35690 

1 


Average ot both series, 1 .35660 

If the results of the last 7 experiments are 

averaged with 12 previously 


obtained by Bauroe and Perrot' and corrected, the final value 1.3565 is 
obtained. 

It is stated that by the method of critical constants the atomic weight 
of carbon is calculated to be i-voo, but details of the treatment of results 
are lacking. 

1 J, tMm, pkys., 7,369 (1*09) 
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Batuecas 1 also has determined the density of ethylene prepared by 
the reaction of alcohol on (i) phosphoric acid, (a) bone acid(3)^fvnc 
acid, and (4) by the catalytic decomposition alcohol. After purifica¬ 
tion and drying the ethvlene was fractionally distilled. In the follow- 

J ‘ c ti_ 1 ,. 1 <- Inir noc Kmhi 'innlmn “ 


Method of 
preparation. 

1 preliminary 
1 

1 

2 

3 

3 

4 
4 


Globe RT 

615 23 

Glolw i 

Globe 4 

795 ;o 

Av»r»*« 

I 25985 

1 2 f >033 


1.26009 

x 26047 

I 

1 26041 

I 26029 

I 26002 

1 260.-2 

1 26052 

1.26035 

I 2 Ik 14 


1 26045 

I 26029 

1 26003 

1 26031 

1 .26021 

I 26047 

1 26050 

1 26052 

l .26050 

1 26012 

1 26113? 

1 26047 

r 26032 

I 26029 

! 2',04f> 

1 26031 

t 26035 

I 26022 

I 

I 26042 

1 26031 


C 11 996 
C *= 11 999 
C «• 12 005 


nyemsc, 1 ... 

By comparison with oxygen the molecular weight of ethylene and the 
atomic weight of carbon (H = 1 ‘>'>77 1 are computed 
By the molecular volume 111. tiioil 
By the limiting densitv method 
By the critical constant mi tkorl 

Argon.—T.educ 1 finds the specific gravity of argon referred to air at 
o° to be 1.3787, and the coefficient of delation from Boyle’s law at 14" 
to be 10.2 X io“ 6 per crn. of mercuiv between otic and five atmospheres. 
The molecular and atomic weight ol ar^on by the method of limiting 
densities is found to be 39 91 The international Committee has adopted 
the value 39.9. 

Gallium. —Richards, Craig and Samc'-huna* purified gallium trichloride 
by 3 distillations in chlorine at 220-230% 3 jn chlorine at 173 % 3 in nitro¬ 
gen at 90-rio 0 and 5 at 65-80° in vacuum In one preliminary experi¬ 
ment 0.43947 g. of the chloride was weighed m an exhausted glass bulb, 
and, after solution was compared with silver ’The chloride required 
0.80587 g. of silver and yielded 1 <.7087 g of mK it chloride, all hi vacuum. 
These data give the values 70 oy and 70 11 for the atomic weight of 
gallium. Ihe value 70 1 lias been provisionally adopted by the Inter¬ 
national Committee on Atomic Weights. 

Bromine.— Guyc* discusses the calculation of the deviation of a gas 

referent^TV 0 / bV lhe raethod f,f compressibilities, with special 
rence to hydrobromic acid, and from the data of Moles* and Reinum* 
J . chim. ph yi , it, 322 (19,87 
I £"** Uni - l6 ’> 7° (*9i8); Ann P h „ , 9 , , , 

•ThisJournal 41,131 (>0.91 

* 7 . chm. phys., 17, , 4 , 
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finds the value of i +- X at one atmosphere to be i .00934. On the basis 
of this value Guye* computes the atomic weight of bromine to be 79.920, 
using the average corrected weight of the normal liter as found by Moles 
and Reiman, 3.64423, and that of oxygen, 1.42904 (1 + A = 1.00097). 
If the individual values of|Moles, 3.64441, and Reiman, 3,64404, are 
used, however, the values 79.924 and 79.915 are obtained for bromine. 

Yttrium. —Kremers and Hopkins* have determined the ratio of yttrium 
chloride to silver, using yttrium salt which had been purified for a previou 8 
investigation.* Vacuum weights are given. Ag = 107.88; Cl — 35.46. 


R&tio At. wt. 

Sample. Wt. of YCU Wt of Ag. YCU 3 A# Y. 

0 4 _, . 3-3*143 5-47636 0.60468 89-3* 

0*_«. 2.31979 3 83587 o 60476 89 34 

Ot -% .2.268*5 3.75045 060477 *9 35 

O w .... 2.29376 3 79302 060473 89.33 

T11.2.00731 3-3*977 060463 89.31 

R«. 1.976x0 3.26827 060463 8930 

VU . 2.17949 3 60389 o 60476 89.34 

Average. 89.33 


This value has been adopted by the International Committee on 
Atomic Weights. 

Tin.—Brauner and Krepelka 1 have compared tin tetrabromide, dis¬ 
tilled in vacuum, with silver. 


Wt of So Ur, 

Wt of Ai 

(talio, SbHt4 4 As 

At. irt Sa. 


Preliminary Series. 



I HV64 

1 10206 

1 01595 


118.-3 

1.97428 

* 94339 

1.01579 


11* .67 

2 35469 

2 31788 

Final Sent u 

I 01588 

Average, 

118.71 

*18.70 

J.117*8 

5 03796 

* 01586 


118 701 

2.46*75 

2 43035 

l.01580 


118 674 

0 995 in 

0 97961 

1 01581 


* *8 679 

I.69834 

1.67177 

I.01592 


118.727 

3 54263 

3 48747 

I.01585 


118.697 

3,82*80 

3 76199 

I 01590 

Average, 

118.717 
u* .699 


This value is in close agreement with the recent results of Briscoe, 
and Baxter and Starkweather. 

Dysprosium. —Kremers, Hopkins and Engle* purified dysprosium ma¬ 
terial by fractionation of the (1) bromate and (a) ethyl sulfate Then 

* J ckim. pkyt., 1% * 7 * (* 9 *«)- 

* Tats Journal, 41, 718 (1919) 

* Hid., 38, *3ja (1916). 

4 Rmpraty CuU Akadmmt *M a mmhU The d*U have been communicated 
privately to Or. Krepelks. 

* Tma JcnmuAL, 40,59* (>«»)• 
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Weighed quantities of oxide were converted to chloride m a weighed 
qttartz flask. As the oxide was subsequently found to contain car e, 
the results of this series of experiment 1 - arc rejected b> l au jots, 
therefore are not given here. Next, the chloride, which ia ren 


pared with silver 

in the usual 

wav Weights 

are corrpci 

Ag = 107.880. 



Ratio 

Sample: 

1U of Pj Cli 

Wt ftf 3 s 

1 A* llvCIJ 

Ethyl sulfate 1 

I 04079 

\ 26v»i 

f 


1 9,604 

- 

i U 


1 47-WS 

t 77S04 

1 20362 


1 2 fi 253 

1 51991 

i 


0 99677 

1 40033 

1 20421 


2 25129 

: 7000 j 

J 20*71 

Broniate 

2 23374 

2 68 Sof 

I 2- 338 


1 20763 

f 4s 

I 23 ) >70 


\r trace, 


At wt. 

ny 

162 63 

16 3 57 

162 51 

161 45 

162 38 

lf >3 .49 

162 56 
162 56 
162 52 


Erbium.—Wichers, Hopkins and Ralkc 1 made a comparative study of 
methods for the separation of yttrium from erbium and completed pre¬ 
liminary experiments in which a weighed quantity of erbium oxide was 
converted to chloride, which was weighed. The subsequent discovery 
that erbium oxide made from oxalate contains carbonate even after igni¬ 
tion at 900°, not only makes the results of these experiments of doubtful 
value, but also, as the authors point out, throw-, suspicion on all experi¬ 
ments where the weight of a rare earth oxide made by ignition of the oxalate 
has entered into the computation of the atomic weight. 

Radioactive Lead. Honigscliniid 2 found the atomic weight of thorium- 
lead used by Soddy in density determinations to tie 207 77. 

In another investigation upon thorium-lead, Honigsclnnid* has deter¬ 
mined the atomic weight of lead from 3 specimens of Ceylon thorianite, 
of the following composition 


Thoria and rare earths 

I 

- R 3 

II 

ui 

Uranium oxide 

i “ 2 

79 11 

72 52 

Pb. 

n 9 

12 2 

■81 

At wt. Pb . 

2 34 

3 li 

3.5 


207 21 

206 91 

306 84 


containing RdU ' ?henher S er ‘ Separated the lead from thorite 

Khmid gave an avtra?e vafut „f ^ thc lwtd ^ 

This Journal, 40, 1615 (19; ^ 

* Phystk Z., 18,114 (1917), 

'Ibid., 19, 43 6 (i 9l8 ); Z FMtrochem / 

* Sit *- BriAUerTr Aka, „- m . Jg ‘ ( '™' 

v ’ f iH ' J so,, ,16, a. 7. 
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Davis 1 purified ordinary lead and lead from samarskite by crystalliza¬ 
tion of the nitrate and chloride. Analysis of the chloride gave the value 
207 27 for the atomic weight of common lead and 206 30 for that of 
radioactive lead. 

The samarskite was found to contain 12. 21% uranium and 1.03% 
thorium. 

J. J. van T.aar 2 applies a method of critical constants to the determina¬ 
tion of the atomic weights of several elements, using the density data of 
various experimenters, with the following results- H = 1 .00770; He = 
4.000,C “12 ooj ; N = 14 004; S = 32 060;Cl = 35 460; Br * 79.922. 

Moles’ discusses critically retisions of atomic weights published in 

1917- 

Guyc and Rcnard’ consider the distribution of errors in determina¬ 
tions of atomic weights 

Guichard 1 briefly compares methods of atomic weight investigation. 

CAMxftfpQS, Mass 

fC ontribution from this Chemistry Department of the University of lujwoiftsl 

A SIMPLE, RAPID METHOD FOR THE DETERMINATION OF 
HALOGEN IN ORGANIC SUBSTANCES.' 

By W. A Van Winkle and G. XtcP Smith 

Rnxlvrd N- ft mbn 22, 1919 

Introduction.—The present investigation is a continuation of work 
taken up by G. Mel*. Smith at the request of the Bureau of Mines shortly 
after our entry into the war, which led to a scheme for the rapid, approxi¬ 
mate determination of certain gases (e. g , of ehloropicrin) in the air by a 
method of simple combustion. 

lu view of the difficulties involved in many of the available methods 
for the determination of halogen in organic compounds, this method of 
simple combustion was considered worthy of further investigation. And 
it will be shown in the experimental part that the method in its simplest 
form is capable of wide application, and that it can be depended upon 
to furnish reliable values. 

Previous Work.—-This method of analysis has frequently been pro¬ 
posed, and nothing could be simpler in principle. Trouble has always 
beefi met with, however, in carrying out the combustion, and often in 

1 /, Phys . Chm., aa, 631 {191R) 

* J. {kirn, phys., 17, *66 (1919), Chrm. Wetkblai, 16, 1*43 (1919), 

* J . chtm . phys . ifi, 350(1918). 

* Arch. *«. phys. n«i„ 44, 40* (191S). 

* fhtil. see chim., is, *38 (1917) 

* Excerpt from a thesis submitted to the Graduate Faculty of the University of 
Illinois by W. A. Van Winkle, in partial fulfilment of the requirements for the degree 
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4 «efiecnilaing halogen in the combustion products. Some of the proced¬ 
ures require a combustion tube to be packed with substances which may 
fuse upon the glass, and many require close attention throughout the com¬ 
bustion. 

Warren 1 bums the substance in a stream of oxygen, absorbing the 
halogen with various oxides, as zinc oxide, lead dioxide and cupric oxide, 
placed forward in the tube. The halo; en is extracted from the oxide 
With sodium carbonate solution, and is determined in the extract. Only 
chlorine compounds were studied, and the results leave much to be de¬ 
sired. 

Briigelmann 2 also bums the substance in oxygen, but uses calcium oxide 
to absorb the halogen; otherwise his procedure is much the same, except 
that he titrates according to Volhard, and obtains values better than 
Warren’s. 

Dennstedt* recommends burning in oxygen, with platinum black as a 
catalytic agent, and absorbing the halogen with lead dioxide in the case of 
chlorine or bromine compounds, and with metallic silver in the case of 
iodine compounds. With lead dioxide, he follows Warrens subsequent 
procedure; with silver, the increase in weight is ascrilied to iodine. 

Plimpton and Graves 4 introduce the vaporized organic halogen com- 
pound mto the flame of a speaally constructed Bunsen burner, when 
the halogens are obtained in combination with hydrogen, and also in the 
tree state. The products are absorbed in sodium hydroxide solution 
an ter reduction the halogen is precipitated with silver nitrate Ap- 
parently it is not easy to control the combustion, winch must be given 

zXlZ Tr S? d ^ are about ,o compounds 

Zulkowsky and Lep&* burn the organic substance in a stream of mrv 
gen with platinized quartz as a catalvst in .1 stream of ox>- 

pounds, they use ammoniacal hydrogen peroxide JT ° 1™ C °“' 

and in that of bromine or iodine LI P f J the . absorbing agent, 

iodide. With the latter solution, the deteiltfl^lT ^ ?° taSSiwn 
nne compounds present diffic.n; - t , t Is “Xtometnc. Chlo- 

<*»««. Which FSJZZiS** <-* to retain 

method is complicated but thev fi n ,i > , L etceSiilvc beating. Their 
whkh check well with figures obtain ed^by 
Klason* suggests burning the suhxtanJ ; racUiod. 

mixed with nitrous fumes, the latter he' ” L Stream of air or oxygen 
* “» tta b-miag takg pi“Tn^'„ ““’~ l ^ 01 »- 

> Z. ™i. Cta, i „„ um , f Prewnce of platinum foil. la 

1 (1876), 16, i (1877;. 

30 , 1590(1899). 

lu Ch Ti SOC "* i ' " 9 f ,83 3 ). 

MoncUh., 5, 537 (igg^. 

* I 9 IO (|886). 
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the case of bromine or chlorine compounds, he recommends passing the 
products into silver nitrate solution; with iodine compounds, into water, 
the iodine being taken into solution with sulfurous acid, the liquid neu¬ 
tralized, and the iodine precipitated with silver nitrate. No analytical 
data are given. 

Reid* burns the sample in a boat using a slight excess of oxygen, and 
absorbs the products near the exit of the combustion tube, at about 
270°, with finely divided silver and silver oxide, contained in a small 
silver boat. After the combustion Reid reduces the residual silver oxide 
at a temperature of about 170° by means of a current of hydrogen. Hav¬ 
ing the weight of the silver boat plus the finely divided silver, of the boat 
and silver plus the silver oxide, and of the boat and its contents after ab¬ 
sorption and reduction, “To find the weight of the halogen absorbed, de¬ 
duct from the weight of the silver boat containing the oxide, the amount 
that this oxide would lose on reduction, and subtract this corrected weight 
from the final weight of the boat.” The method, though complicated 
and requiring experience and care, appears to be capable of yielding good 
results. 

Experimental. 

Outline of Method.—The sample, carried by means of a current of 
air, is drawn through a strongly heated quartz tube, and the combustion 
products are passed into a suitable absorption vessel containing sodium 
hydroxide solution. Any oxyhalogen salts are then reduced and the 
halogen estimated by the Volhard method. 

Development of a Suitable Furnace and Combustion Tube.—In the 
first experiments a 22 mm. quartz tube was heated in a 30 cm. Hoskins 
electric combustion furnace; but, owing to the time consumed in sweeping 
out the gaseous products, this tulic was early replaced by one 6-7 mm. 
in diameter, and this size was adopted in the final apparatus To allow 
a better control of the combustion process, a longer furnace containing 3 
separate 25 cm. heating units was designed and built. This furnace could 
be heated in sections, as desired, the middle unit being so constructed 
as to permit of its use either as a 125 on. or as a 25 cm. unit- In this 
way, 12.5, 25, 38, 50 and 75 cm. lengths of the furnace could be brought 
into action. 

In over 100 determinations made with these furnaces, mostly with 
chloroform, 1 it was found that if the ratio of air to volatile material was not 
1 This Jooxnal, 34,1033 (1912b 

* The lowest satisfactory combustion temperature is the case of chloroform, 
with the use of air, appears to be about 900*. For example, with a sample containing 
884% of chlorine (mean of 7 Carius determinations), the following results were ob¬ 
tained (30 an. furnace): 900*, 88.60%; 850'. 88,45%: 8oo*, 84.97%; 750*, 78.90%. 
At about fioo*. particularly with a slow current of air, an appreciable deposit of fine 
needle-like crystal* settled in the cool portion of the tube. ReaystaQized from alcohol. 
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to change suddenly in favor of the latter, due to excessive beat- 
jjg of the sample holder, the combustion could be depended upon to go 
a noothly , and without much attention. It was found adv isable to place a 
diermometer beside the sample holder, and to warm both gradually (in a 
bath) to a temperatuie io to 30 ° below the boiling point of the sample. 

A lew runs made with tank ox}'gen showed no improvement over air. 

Although it was possible to obtain good results with chloroform and 
carbon tetrachloride, with the use of these furnaces, the first bromine 
compound studied, ethyl bromide, revealed a serious defect in the ap¬ 
paratus. Heavy bromine vapors condensed in the projecting end of the 
tube, and could not be completely removed without undue trouble and 
loss of time. At this point it was found that the operation could be ma¬ 
terially simplified, and much time saved, by means of the gas-heated 
tubes to be described later (see Fig. 1). Combustion furnaces of the 
ordinary, slow-cooling, type were therefore discarded. 

Sample Holders and Absorption Tubes.—Many types of sample 
holder were tried, several with success, but the most reliable are those 
shown in Figs. 1 and 2. And, w'hile several types of absorption apparatus 
gave good results, the type finally adopted is considered decidedly superior 
for this work It is illustrated in Fig. 1. 

Reduction of Oxy-halogen Salts, Precipitation, and Titration.—Before 
precipitating the halogen in the absorption liquid, it is of course necessary 
to reduce the oxy-halogen salts which are present For this purpose, 
hydrogen peroxide, metallic zinc, and sodium sulfite were studied. 

Using a known weight of carefully purified potassium chlorate as a 
standard, and reducing with sodium sulfite, each of 8 gravimetric de¬ 
terminations yielded the theoretical weight of silver chloride. This re- 
agent was therefore adopted But before the addition of silver nitrate 
it is, of course, necessary to remove the excess of the sulfite. This was 
originally accomplished by boiling the slightly acidified solution; but so 
much time was consumed in this operation that oxidation by means of 
potassium permanganate was substituted. Test analyses showed the 
two methods to be about equally accurate. 5 

The procedure finally adopted is as follows The absorption solution 
was made up in each instance by mixing 25 cc. of approximately 5 JV 
sodium hydroxide solution and to cc. of 2 N sodium sulfite solution. If 

COrT ’ and gaVC a co Pi°us test for chlorine; hexachloroWene 


As to the length of furnace heated, studies made at about or*-, 0 shn* that 1™, 
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these reagents were not halogen-free, the quantities used were accurately 
measured by means of pipets, since, in that case a correction had to be 
made in accordance with the results of duplicate blanks run with the 
absorption solution alone. 1 

After absorption, the solution was treated with 25 cc. of dil. sulfuric 
acid, and the excess of sulfite oxidized with permanganate solution, added 
to the appearance of a faint pink color. Standard silver nitrate solution 
was then added, about 5 cc. in excess, followed by a few cubic centimeters 
of dil. nitric acid; if, on shaking for a few moments, the precipitate did not 
coagulate, the suspension was warmed on the steam bath. The precipi¬ 
tate was filtered in the cold with suction and washed with i ( / ( nitric add, 
even in bromine and iodine determinations, since the sodium hydroxide 
and sulfite of commerce contain traces of chloride. Finally, 5 cc. of ferric 
alum indicator was added to the filtrate, followed by enough dil. nitric 
acid to lighten the color, and the solution was then titrated with standard 
thiocyanate solution, of half the normality of the silver solution used-* 

For the sake of uniformity, all titrations were carried out in artificial 
light, and for this purpose a special titration table was designed and 
constructed. With the burets mounted upon this table, the titration 
was performed in the light from two 100-watt, nitrogen-filled, blue glass (or 
daylight') tamps, one behind each buret, in a compartment lined with as¬ 
bestos hoard, but faced with ground glass. The base beneath the burets 
was of glass, with its under side covered with white (litliopone) paint. A 
special lamp was provided to facilitate reading the burets. 

Check Analyses.—Owing to the difficulty of always obtaining pure 
organic compounds, it was decided to check the combustion results by 
some standard method of analysis, and for this purpose the Carius method 
was selected, in spite of its drawbacks, as being the most reliable. 

Volhard method. (The NaCI to which uo sulfite was added was analysed gravimetrically. 
This salt was used in standardizing the silver nitrate solutions employed through 
out the wort.) 

boiled off Sulfite oxidized No zulfite added 

N«C 1 . 60 45-60,60% Cl 60 42-60 71% Cl 60 63 and 60.65% Cl 

(8 determinations (j determinations) (gravimetric) 

KBr. 67.58 and 67 59% Br 67 71 and 67.6S% Br 67 55 and 67.54% Br 

KI.76 66% I 76 69 and 76 65% I 76 51 »nd 7« 5S% X. 

t By preimrinji these reagents in quantity, it is unnecessary to make repeated 
blank runs. In this investigation halogen-free reagents wen: used at the start, but 
it was later found more convenient and just as accurate to use the ordinary stick sodium 
hydroxide and the sodium sulfite of commerce. 

* The dll. HjSO, and RNOi are made by mixing one vol. of cone, add with 3 vola. 
of water. The KMnCh solution used to oxidize the sulfite is a saturated solution of the 
salt. The indicator is made by adding cone. HNO» to a saturated solution of ferric 
shun, to the complete lightening of the deep brown color. The standard solutions 
recommended are 0.1 N and o.a N AgNQj, and 0 05 A’ and 0.1 N thiocyanate, de¬ 
pending upon the quantity of halos*™ <*> ——~ — J 



W. A. VAN WIKKXB AND G. McP, SMITH. 


Bor use with this method, an electrically heated multiple and contin¬ 
uous bomb furnace was designed and constructed. This furnace, which 
will be described elsewhere in detail by W. A. Van Winkle, consisted in 
brief of six 5 cm. iron pipes, each about 1 5 meters in length, bound to¬ 
gether in an upright bundle by 3 iron bands, and heated by several well 
insulated coils, which surrounded the lower half of the bundle, as well 
as by a heating element placed at the base, and one in the center of the 
bundle, the whole encased in a box of 12 mm. transite asbestos board. 
By means of pulleys suspended overhead from a framework, six 32 mm. 
counterpoised iron pipes, or bomb containers, could ite lowered into the 
heated zone of the 5 cm. pipes. Thus, 6 bombs could be introduced inde¬ 
pendently into or withdrawn from the furnace, and the latter could be 
operated continuously, since with the upper half of the furnace not di¬ 
rectly heated the bombs could be lowered or raised gradually, without a 
sudden change of temperature. Four thermometers, permanently in¬ 
stalled at different heights, together with various permutations of elec¬ 
trical connections, facilitated the easy maintenance of satisfactory tem¬ 
peratures. 

Description of the Apparatus Used with Volatile Substances.—This 
apparatus is illustrated in Fig. 1. B r e wish to emphasize at the start that 
with the use of several Bunsen burners, with wing tops set lengthwise 
of the combustion tube as shown in the figure, and employing the hottest 
blue flame possible, it was easy to maintain a temperature of nearly iooo°, 
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especially if an inverted V-shaped reflector of asbestos board were sus¬ 
pended about an inch above the tube. 

The sample holder H was a Pyrex test-tube, 200 X 16 mm., provided 
with two side arms of one mm. bore, one. Si, for the entrance of air, and 
the other, Sa, for the exit of air mixed with volatilized sample, this mix¬ 
ture being discharged into the combustion tube far beyond the rubber 
connection which held the glass adapter K against the quartz combus¬ 
tion tube. The glass rod V was carefully worked downward through the 
rubber stopper to break the small, glass sample bulb at the bottom of the 
holder. To protect the rubber stopper of the holder from attack by the 
organic substance a tightly fitting plug of glass wool was placed just be¬ 
low the side arm S*. 

A washing bottle containing cone, sulfuric acid and a soda-lime tower 
used to insure the introduction of pure air, are represented in the figure by 
b and a, respectively, m is a water manometer. Pinchcocks are indi¬ 
cated by Pj and P*. By means of small rubber tubing, b, a, S*, S*, and »i 
were connected up as shown. 

The combustion took place in a 60 cm. quartz tube, 1 Q, of 6 mm. bore, 
which was slightly inclined towards, and extended down into the absorption 
apparatus A. Any bromine or iodine condensing near the exit of the 
tube was later washed over into the absorption vessel, by removing the 
rubber stopper of K, and introducing water into Q, slight suction being 
maintained the while. 

The absorption vessel A was a piece of glass tubing, 25 cm. long and 
of 25 mm. outside diameter, into which the absorbing solution contin¬ 
uously flowed through S>. About 38 mm from the upper end the tube 
was constricted in such a way as to direct the solution towards the com¬ 
bustion tube and cause it to flow down the outside of the latter and drip 
off its end. Gloss wool, packed in the constricted area and also wrapped 
loosely over the end of the combustion tube, was kept moist by the ab¬ 
sorption liquid and thus effectively prevented any loss of halogen by 
contact with the rubber stopper above. At u 1 there was placed a thin 
layer of glass wool, and above this a 15 to s 8 cm. column of sea sand, 
previously digested with alkali and acid. The extension tube leading 
into (he 500 cc. Erlenineyer flask E had a small perforation, k, about an 
inch above its lower end, which allowed the residual gases to escape and 
the liquid to drop smoothly from the end of the tube. A small dropping 
funnel containing 25 cc. of sodium hydroxide solution, 10 cc. of sodium 
sulfite solution, and about 15 cc. of water, was supported so that the adapter 
C could be connected readily to the side am Si by a short length of 
rubber tubing. The dropping of the liquid from the stem of the funnel, 
1 While a tube of tran s pa r e n t otrartt b to be p r ef erred. It was not necessary, both 
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(Constricted at the end to about 2 mm., afforded an indication of the rate 
trf flow of the alkaline sulfite solution into the absorption apparatus. 

A guard bottle (not shown in the figure), with an entrance tube of 3 
mm , bore, and containing water, to sene as a bubble counter, was placed 
between the Erlenmeyer flask and the suction pump. _ 

Procedure for Carrying Out the Combustion and Absorption.—About 
o. 25 g. of material to be analyzed was w eighed out in a small, sealed bulb, 
and placed in the lower end of the holder, ready to t>e liberated at the 
proper time by breaking the bulb The apparatus was then set up and 
adjusted as described, with the absorption solution in the dropping fun¬ 
nel, an asbestos shield to protect the absorption tube and its rubber 
stopper from the heat of the burners, and an inverted V-shaped asbestos 
heat-reflector; and the burners were lighted and adjusted. The pinch- 
cocks Pi and Pa were opened the water pump and the flow of the absorp¬ 
tion solution started from C (the sand in A should become thoroughly 
soaked with this liquid, before it is reached by the products of combustion). 
The suction was so adjusted that bubbles passed the counter at the rate 
of 200 per minute, and the cock of the dropping funnel so that the liquid 
ran at the rate of 20 to 30 drops per minute This kept the sand well 
soaked with fresh reagent. 1 The pinchcoek Pa was then tightly closed, 
but Pi left wide open, and the bulb holding the sample was broken. If, 
after a couple of minutes, no fog appeared above the sand, the pinch- 
cock Pa was opened slightly; in this way there was no danger of carrying 
an excess of the volatile sample into the combustion tube. It was neces¬ 
sary that the manometer should always show a negative pressure within 
the apparatus, of 2 to 6 in. of water. By closing Pa at any time, the 
chaftge in level of the liquid gave a rough indication of the relative vol¬ 
umes of air flowing through the two entrances of the combustion tube. 

With a substance like ethyl bromide, boiling at 38.4°, it was unneces¬ 
sary to warm the holder until near the end, when a free flame was cau¬ 
tiously applied to volatilize the small quantity of liquid usually held within 
the capillary of the sample bulb. Bess volatile substances required a 
gentle warming of the holder at 10 to 30° below their boiling points. In 
all cases, after once regulating the combustion so that a slight fog con¬ 
tinuously hovered above the sand in the absorption vessel, very little at¬ 
tention was required until near the end of the operation. 1 

1 If, towards the end, it appeared that not enough solution was left to last out 
the run, some water was added; the reagent was sufficiently concentrated to permit the 
addition of t to 2 parts of water 


* Sometimes a small blue flame appeared at the end of the capillary side arm 
It was then advisable to close down P,, and to open up P„ 8 „d, in addition, if the 
holder was bemg warmed, to withdraw this source of heat I„ the preliminary e*i*ri- 
naents with this apparatus, a much shorter capillary side arm, S,, was used, until in 

of 1 a 'holdw with flashed Mder broke. The substitution 

oi a holder with a 30 cm. side arm prevented further tr„„w. *_- 
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When no further fog appeared above the sand, a free flame was applied 
to the holder, and the latter gradually heated until well above the boiling 
point of the substance. The burners were then turned out, the asbestos 
reflector and shields and the apparatus allowed to cool without discon¬ 
tinuing the suction. Within alxmt 10 minutes, the contents of the com¬ 
bustion tube were rinsed into the absorption apparatus by means of a 
stream of water introduced through the adapter K. The absorption train 
■was then disconnected, and the end of the combustion tube similarly 
washed, inside and out. Any reagent still in the dropping funnel was 
allowed to run rapidly through the glass wool into the absorption ap¬ 
paratus, and the latter was washed with a few small portions of hot water, 
the sand being sucked nearly dry after each addition of liquid. 1 The 
volume of liquid in the flask was then about 175 cc. It was cooled, if 
warm, 25 cc, of di! sulfuric acid added, and the excess of sulfur dioxide 
completely oxidized with the least possible quantity of permanganate 
solution. The halogen was then determined by the Volbard method, as 
already described 

Analyses of Several Volatile Compounds.-—Analyses of 12 volatile 
compounds, with the apparatus shown in Fig. 1, are recorded in Table I. 
Under Time, is given the number of minutes from the breaking of the 
sample bulb to the end of the combustion, including the final washing of 
the apparatus, and the tests for complete washing. In a few cases there 
was a failure to record the time, and in several the time noted is excessive, 
because, owing to the smoothness of the combustion, the operation was 
not closely watched, and more time than necessary was consumed. 

Comparative analyses of the Carius method are recorded in the same 
table. The values obtained by combustion will speak for themselves; 
as compared with the Carius values, they were obtained with exceeding 
convenience and ease. 

Tabu? i. 

Combustion Cariu* 


Sample Tim* Halotttn Sample Halogen 

No G Mu*. % No G %. 

Ethyl bromide, CtH»Br (impure), b. p. of pure substance, 38,4”; Calc.. 73 33% Br. 


1 

0 3106 

JO 

72 35 

6 

O 2479 

72.24 

as 

0 3200 

8S 

7 a 3 f> 

7 

0 2244 

72.07 

3 

0 J 7»3 

30 

72 52 

8 

0 3027 

71 67 

4 

0 301 1 

30 

7 a 3 « 

9 

0 322s 

72 34 

5 

0 1747 

as 

72 49 

10 

0 3370 

71.78 


Mean, 72 43 p o» 

1 In the cast of iodine compounds, some iodine always solidifies in the end of the 
combustion tube, but this is without harm. When the tube is washed out and the 
reagent remaining in the dropping funnel is run into A, the crystals of iodine are readilv 
dissolved and rarrUA *■ 
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Tabj.B I (continued). 

Combustion Cuius 


No. 

Sample 

G 

Tune 

Mm 

HaloRtn 

Sample. 

No O. 

Halogen. 


Chlorobenrenc, C.II;,C 1 (pure); b. p , 

, 132°; Calc,, 31 3s% CL 


II 

0 3350 

90 

31 28 

17 O 2304 

31.17 

12 

0 2720 

90 

3' 65 

18 0 19S2 

31.36 

13 

0 2579 

i »5 

5 I -76 

19 O 2721 

3 * -75 

14 

0.2S2I 

70 

31 -47 



15 

0 3034 

95 

31 70 



16 

0 3399 

80 

31 79 





Mean 

, 31 61 


31-39 

Ethyl iodide, CsHtI (impure); 

h p of [lure substance, 72 2°; Calc , Si 

34 % I- 

20 

O 4572 

67 

81 47 

22 0 3028 

81.47 

21 

O 4074 

98 

81 48 

23 0 4750 

80.90 





24 0 2708 

81.20 



Mean. Si 48 


81 29 


Bromobenzen 

c, CsH.Br 'pure), b p , 

137“, Calc , 50 90% Br 


73 

O 2520 


51 O! 

28 0 3826 

51.33 

26 

0 3>47 


50 93 

29 0 3632 

51-36 

27 

0 2802 

120 

50 83 




Mean. 50 92 S« -24 

Allyl bromide, CiH t Br (impure); b p of pure substance. 70', Calc., 64.57% Br. 
(Sample difficult to get into bulb without decomposition ) 


30 

0 2345 

120 62 87 

33 

O 2 14! 

6l .02 

31 

0.2431 

no 62 56 

34 

O 2252 

61.70 

32 

0 2342 

120 63 61 

35 

O 2842 

62 13 



Mean, 63 01 



61 61 


Ethylene 

chloride, C.HiClj (pure); b p , 

83 ", Calc , 71 71% 

Cl. 

36 

0 2688 

90 71 06 

39 

0 2773 

71.68 

37 

0 2868 

120 71 68 

40 

0 2414 

73 04 

38 

0 2521 

120 71 82 





Mean, 71 72 



71-86 


4 * 

42 

43 


o 6136 
o 3231 
0 4751 


128 

58 

123 


58 16 
58 14 
38.11 


44 

45 


o 2429 
o 3937 


58.71 

58-50 


Mean, 58.14 58.60 

Benzal chloride, 0 ,H.C 1 , (impure), b p of pure substance, sis"; Calc. 44473% CL 

90 44 ' 51 50 0.2388 44.Sa 

90 44 5t 0.2676 44.38 

75 44-47 

44.56 


46 

47 

48 

49 


O.2965 

0.2332 

0.3049 

0.2129 


Mean, 
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Table I (continuity. 

Combustion Cariu« 



Sample, 

Time Halogen 


Sample. 

Ha’ogefl. 

No. 

G 

Min. % 

No 

G. 

%- 


Carbon tetrachloride, CCh (pure); b. 

p., 78°; Cak 

, 92-20% Cl. 

5 * 

O.2494 

106 91.93 

54 

0.2J2I 

92.50 

S 3 

0.36x4 

93 91 37 

55 

0 2805 

92 02 




56 

0.2208 

91.94 




57 

0.3813 

92.63 



Mean, 93.64 



92.54 

Chloroform, CHClj 

(impure); b. p. of pure substance, 5 i 

; Calc.. 

89.02% Cl. 

58 

0.3747 

90 88.83 

60 

O 2430 

88.28 

59 

0.3840 

83 88.64 

6l 

0 2485 

S 3 20 




62 

0.2292 

88.76 




63 

0.2449 

88.48 




64 

0.2494 

88.23 



... ... 

65 

0.3004 

88.39 



... 

66 

0 3189 

88.44 



Mean, 88.74 


Mean, 8S .40 

Ethylene 

bromide, CiH,Br, (impure); b. p of pure substance. 

129 0 ; Calc., 85.09% 

67 

0-3934 

180 84 51 

7 " 

0 2800 

84-45 

68 

0-2013 

t 45 84 45 

72 

O 2955 

84 59 

69 

0-2174 

95 84 27 




70 

0.3178 

105 84 41 



■ • 



Mean. 84 41 



84 52 


Chloropicrin, CCUNOii b p of pure substance, 113'; Calc , 64.73% Cl. 

(An old sample in scaled tube prepared at Joluis Hopkins University by R. W. Hale, 
Jr , and furnished through the Bureau of Wines ■ 


73 

O 3046 

>55 

64 55 

77 

O 3413 

64.14 

74 

O. I8t9 

93 

6477 

78 

0.3448 

64 47 

75 

0.2037 

6j 

64 47 

79 

0 2946 

64 53 

76 

O 2235 

68 

64.50 

So 

0 2342 

64.60 


Mean. 64 57 64.44 

The Analysis of Substances Containing More than One Halogen.— 

A;, has been pointed out by W. M. Delia, 1 any two halogens in a binary 
mixture,01 halides may lie calculated from the weight of the mixed silver 
salts, together with their silver equivalent as determined by the Volhaid 
method. The possibility was studied of obtaining the necessary data 
lor determinations of this class, by the combustion of the sample, followed 
by the determination in the one sample, of the two values indicated. But, 
although preliminary experiments gave promise of success, and the titra¬ 
tion data obtained concerning the silver excess were very consistent, and 
probably correct, it was soon found that great difficulty would be encoun- 
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toed la the previous precipitation of the silver halides alone, for weighing, 
because the absorption solution in passing through the sand takes up 
silica, contaminating the silver halide precipitate. Solutions of pure 
sodium hydroxide and sulfite, prepared from metallic sodium, were also 
tried; but the quantity of silica obtainable from the acidified absorption 
solution, while somewhat less in amount, was still appreciable. 

In the best of indirect methods, the analytical data must be exceedingly 
accurate if large errors are not to be introduced in the calculations; and, 
while in the present case a satisfactory solution of the difficulty might 
possibly be worked out, the matter was dropped for lack of time. 

The Analysis of Difficultly Volatile Substances.- -The results obtained 
with easily volatile substances led to a desire to apply the method to 
more difficultly volatile, or even to non-volatile, substances. A sample of 
materia! already analyzed by the Carius method «a- first studied. The 
apparatus at first used was that shown in Fig i; but it was found that the 
substance charred upon heating the holder, tarry material condensed in 


the side arm leading into the combustion tube, and it was impossible to vola¬ 
tilize this without burning the rubber connection and the stopper. 1 Never¬ 
theless, success was indicated, provided an apparatus could be devised 
which would permit the burning of the condensed tarry material. 

Accordingly, the apparatus was modified as shown in Fig. 2. The holder 
and combustion tube consisted of one piece of transparent quartz tubing, 
to winch were fused the 2 mm. side arms F, and S«, aho of transparent 
quartz A and B are top and side views, with lengths given to scale, and 
t- is a diagrammatic sketch showing the connections of S„ Sj, m, b, a 
and the oxygen tank T. When in position for a combustion, the holder 
was not vertical in this case, but was inclined at an angle of 20° to the 

:<Zn°h a , n the CaSe ° f SoIids ' a boat was sli d into the position shown 
of l,n id SamP C 7 me Ung rM t0 the b,,ttom of the holder. In the case’ 
scribed ^or "if 1 the r h ^ ^ Which >"oken as already de¬ 
quartz tube, which was slid'hitTthe'holderZ' ° U ‘ “ * Sman 

tio^ffieT^iratiOT n wa"TOm^what U slo\vw r ^^Ui^tl^| )e ) < ^| > j U ^ U, ^ n ^ COItt ^ llS * 

less residua! gas passed through the abwmtioii ° f 

pinchcoek P, remained clofed durincTh T ’ gCnml ' ** 
wo Pi, and oxygen via p, V 1 ° m ’>'istmn, only air passing 

was used, the latter passing J the Tate of T™ “ ‘ nUCh M * 

«. It was necLar/t,m w l ^ per 

the sand in the absorption vessel butshm u T COflUnBOU8, y abov * 

* I. of : Z h0U]d ^ 

5, 6 . 3 “ d f -35% Of Br, for a rKt *' S * b ^ KO 

able II, which contains the final work theoretical content of jarv% (cf. 
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ditkm depended largely upon the rate of aspiration, but also upon the 
rate at which oxygen was introduced. If the latter was slow and the 
former excessive, there was danger of charring. It was very easy, how¬ 
ever, to regulate the flow of air and of oxygen, so that the sample volatil¬ 
ized and burned smoothly. 

These difficultly volatile substances required the direct heating of the 
holder; the initially small 
and steady flame was 
placed below the point 
midway between the 
plug of glass wool, w, 
and the entrance of the 
combustion tube. If a 
fog failed to appear 
shortly in the absorption 
vessel, the flame was in¬ 
creased, and if that did ris 3a 

not suffice, the holder was covered below the flame with an inverted V- 
shaped asbestos reflector. Then, if the fog still did not materialize, the 
flame was gradually moved towards this reflector. But it was necessary 
to avoid charring the material, and thus setting free combustible gases 
too rapidly. Once having made the proper adjustments, the combustion 

proceeded smoothly, without 
much attention. 

Toward the close, the 
lower end of the holder was 
always coated with carbon. 
After heating the end care¬ 
fully for a few minutes, with 
only air passing through H, 
the pinchcock Pi was opened 
and P t dosed. This let in 
pure oxygen, which readily 
burned off the carbon. The 
same applied to the heated 
deposit between H and d in 
P'K- »>• the combustion tube. If a 

small deposit was found in the side arm S», it also was burned off. The 
valve of the oxygen tank was then dosed, Pi and P» opened, the 4 burners 
turned out, and the asbestos boards and the rubber connections of St and S» 
removed. As soon as the apparatus was almost cool, the rubber stopper, 
glass wool and boat were removed from H “■ 
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ahsorption train. Finally, the stopper in H was replaced, and the whole 
apparatus steamed out by boiling off the water remaining in the holder 
and combustion tube. From this point, the procedure was that already 
detailed. 

In the following tables, when no Carius determinations are given, the 
materials were considered especially pure, and also time was lacking. 
Again the results speak for themselves. 1 

Taels II.* 


^Bromo-o(^--)-dibroniopropyl) pheuylbetuoale, Calc., 50.29% Br. 
Cumbuition Coring. 



Sample. 

O 

Time 

Br 

No 

Sample. 

Br. 

No 

Mm 

C/ 

G 

%. 

I 

O.244I 

95 

50 OO 

3 

O.2442 

50. IO 

2 

O.2451 

60 

49 98 

4 

0 2955 

50.02 


Mean. 50 04 50 06 

“ The sample of material for this work was kindly furnished by Mr. V. L Horaaclc, 
who had previously carried out one Carius determination Having dried his precip¬ 
itate in a Gooch crucible for one hour at no”, he obtained a value of 50.23% Br¬ 
in all instances, in this investigation, however, the Gooch crucibles were dried at 130° 
(first empty, and then with precipitates) to constant weight. 


Table III* 


Halogen. 

, Sample Time Found Calc. 

Material Properties. No G Mm % %. 


p- Bromophenyl-fi-bromoallyl 

B. p„ 171 0 at 22 mm 

I 

0 3194 

130 54 -Ofi • ■ • 

ether. 


2 

0.2998 165 54 SI 54-76 

Hexachlorobenzene. 

M p., 229° 

3 

0 24JI 

8<) 74 60 


B. p., 326“ 

4 

0 2484 

75 75 01 74.73 

m-Iodobenzoic acid. 


5 

O 3776 

IOO 31.09 . * . 



6 

0 3706 

105 50 98 50.98 

w-Chloro-nitrobenzene. 

M. p„ 44.4° 

7 

0.2 80O 

75 22 70 * . . 


B. p„ 235 6° 

8 

O 3167 

70 22 52 22 31 

p-Bromoaniline. 

M. p., 66.4° 

9 

O 3198 

95 46 47 46 18 


B. p., decomp. 





I* 56 material used ra the 81,1 two determinations was kindly furnished by Dr. 
b.G. Powell. By a Carius determination, he found 541 and 54 4 % Br. The other 
substances were imported. 


hi conclusion, it is desired to acknowledge the patience and skill of Mr. 
Paul Anders, the departmental glass-blower, who made all the glass and 
quartz apparatus used throughout the investigation. 


nummary. 

forwent*?! 6 ; t rapid ; eaSlly execuled * and reliabl * combustion method 
or the quantitative determination of chlorine, bromine, or iodine in vola- 

.. Jr style of apparatus can of course be used with volatile rnhat_Witt, 
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tile organic substances has been developed. No catalytic agent is used. 
The material, volatilized with air, is drawn through a heated quartz 
tube; the combustion products are absorbed in alkaline sodium sulfite 
solution; the excess o{ sulfite is oxidized; and the halogen is determined 
by the Volhaxd volumetric method. 

i. With some modification of the apparatus, and with the partial use 
of tank oxygen, the method is equally applicable to non volatile organic 
materials. 

3. The method is a general one for the determination of halogen in 
organic compounds; and, in our opinion, it yields to none in accuracy of 
results or in ease and convenience of execution. 

SKATTL.lt, Wash 


(CoNTRrBtrriON from tub Chemical Laboratory of the University of 

CA 1 .IFORMA 1 

THE HEAT OF SOLUTION AND THE PARTIAL MOLAL HEAT 
CONTENT OF THE CONSTITUENTS IN AQUEOUS 
SOLUTIONS OF SODIUM CHLORIDE. 

By Merle Ranuall anti Charles S Bisson. 

Krctived WiyrmHcr Ki? 

In order to calculate the free energy oi a reaction at one temperature, 
when the free energy at another temperature is known, we must first ob¬ 
tain the value of in, the increase in heat content accompanying the re¬ 
action. 1 Tins quantity, is defined as the difference between the heat 
contents of the substances formed and the heat contents of the substances 
disappearing. For pure substances, in is identical with the negative 
of the heat of reaction as ordinarily measured. In case cue or more of the 
substances involved in the reaction occurs in solution, we must use, ob¬ 
viously, not the molal heat content, it, of the pure substance, but the heat 
content of the substance when in solution at the gi\on concentration. This 
quantity u is the partial molal heat content, and is defined as the increase 
in the heat content of a large amount of the solution at the given concen¬ 
tration when one mol of the substance is added to it. 

It is not possible to determine the absolute value of H or u lor any 
substance, for we can measure only the difference An between the beat 
content of the substances appearing and those disappearing in a reac¬ 
tion. However, when no ambiguity will result, we have found it con¬ 
venient, at a given temperature, to call the value of Am, when a substance 
is formed from the dements in their standard state at the same temperature, 
the molal heat content or the partial molal heat content of the substance. 
It Is in this sense that these quantities are generally used in this papa-, 
and when so used will always be symbolized tv An 
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and h will be reserved for the absolute molal heat content and the abso¬ 
lute partial molal heat content of the substance. 

From the results of the present investigation we have been able to 
calculate An for the constituents of aqueous solutions of sodium chloride. 

Before proceeding further it will be convenient to define a number of 
quantities related to h and h, and to consider which of these related 
quantities have been used by the various investigators who have meas¬ 
ured heats of solution and of dilution. 

If we consider the reaction, Na(s) 4 - V-Cbig) = N'aCl(o.iM) the 
partial molal heat content. An (NaCl In 0.1 A/}, is the heat absorbed 
when one mol of sodium chloride is formed from its elements and dis¬ 
solved in such a large volume of solution that the concentration remains 
unchanged. The partial molal heat of solution of sodium chloride in o. 1 A/ 
solution, NaCl(s) = NaCl(o.i M), is n(NaCl in /> \ A/) — n(NaCl). 
Similarly the partial molal heat of solution of sodium chloride in its satura¬ 
ted solution is H(NaCl sat.) — n(NaCU The parual molal heat of 
dilution, NaCl(i Af) = NaCl(o 1 A/ 1 , is «(N.iCl m .» 1 M) — 7 i(i M). 

Of equal importance with the partial molal heat content of the solute 
is the partial molal heat content of the solvent These quantities can 
be defined in terms of each other by the i.inniiar equation, 

dH(solute) = —d7t(solvent' ( 1 ) 

N(solute* 

where n represents the mol-fraction The partial molal heat content of 
the water in 0.1 A 1 NaCl, h(HjO in o ; A/ NaCl), is the increase in heat 
content when one mol of water is added to such a large quantity of solu¬ 
tion that the concentration remains unchanged And, as above, we have 
the important quantity, h(H ,0 in 0.1 M NaCli -- h(H» 0 ), the partial 
molal heat of solution of water in o 1 A/ NaCl. 


The molal heat content of the solution is defined in terms of the partial 
quantities, 

H(solution) = n (solute) fl(solute) + N(solvent)iI(solvent). (a) 
For a given pure substance it is possible to determine directly the value 
of the heat content Ah, but h — h has never been measured directly. 
Ktimelm obtained values which approximated ii — h(H»0 ) for water 
in concentrated solutions of sodium and potassium chlorides by aririinp 
m a calorimeter small amounts of water to large amounts of solution. 

rrr la5 heat content of sulfuric acid was determined by Brito- 
, who discussed the relation between this quantity and the heat of 

! Z - Phsik. Chtm., 58, 445, ( I9 o 7 ), 

5?"~. ‘t*’ ''**>■ “■ 

differential heats of molal beat content the integral and 

heaU 0f * otatjon - Tb * temperature of his calorimeter wo, not 
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solution. He also determined the heat of solution of sodium chloride at 
several concentrations. 

While this investigation was in progress Maclnnes and Brabant' de¬ 
termined the value for 15 — h for water in aqueous solutions of ethyl 
alcohol by adding varying small amounts of water to large amounts of 
the alcohol solution. The values of the heat obtained per mol of water 
added when plotted as ordinates and the quantity of water added as 
abscissas gave approximately a straight line The true value of » — it 
is the intercept of this straight line upon the ordinate axis. 

Berthelot and Thomsen and others have determined the heat of solu¬ 
tion of a large number of substances by adding the substances to pure 
water. This quantity is of little use in thermodynamic calculations. In 
those cases in which the heat of n/lutitm of substances lias been determined 
for a series of dilutions, a - is may 1st calculated by the method used fay 
Lewis.* 



FI*, t.—Twin vacuum jacketed calorimeters. Elevation. 
Scale: ■ on. - 5 cm. 

' Maclnae# end Braham-T»m - 
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The Calorimeter.—Our apparatus" consisted essentially of twin 
calorimeters (Fig. i) completely enclosed in a constant temperature air 
jacket (Fig. 4), a 50-junction differential copper-constantan thermo- 

J Alamont onrl a COnClfivP 


f C 1 



Fig. 2.—Twin vacuum jacketed calorimeters 
Scale: i cin. ** 5 cm. 


element, and a sensitive 
potentiometer. A third 
calorimeter and a 20- 
junction thermoelement 
also formed a part of 
the apparatus. These 
were intended primarily 
to be used in connection 
with another investiga¬ 
tion It will be desirable 
to describe the entire ap¬ 
paratus, as the auxiliary 
vessel and thermoele¬ 
ment were used in the 
calibration of the main 
thermoelement. 

A number of well sil¬ 
vered vacuum jacketed 
flasks' were selected and 
Three flasks, A A A, (Figs. 


Plan 


the approximate heat leak determined. . .., __, v _ . 

and 2), with like heat leaks were selected. These were fitted by means 
of large rubber stoppers, B B B, into the caps, C C C. These caps were 
of cast brass and formed a part of the framework of the calorimeter unit. 
The interiors of the caps were highly polished, then silver plated and again 
polished. In the tops of the caps were openings for the thermocouple 1), 
and tubes E F G for the passage of the stirrer, electric leads, upsetting 
device, etc. The joint between the thermocouple and the cap was made 
tight by means of rubber packing. The flasks w ere held in place by means 
of the supporting springs, H II H. These were in turn held in position 
by means of framework 11, which was attached to the castings C C C. 

e whole calorimeter unit was supported upon brackets J J. The rod 
K served as a brace and as a support for the stirrers M L. The stirrer L 
consisted of a glass T-tube fitted with tips of rubber tubing. A hole was 

eter vel ^ be1 ™ the level of the liquid in the calorim- 

SdJhS’ 3 6 S P** 1 * the tube was ^led to the glass 

ti J0ined t0 a sleei s!,aft at E byrataas « f a <* 
150 R P M bv me rtt SUrrcrs <vcre driven at a uniform speed of about 
5 lv P ‘ M,by means of a chain and sprockets, M M M 
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The dilution cup N (Fig. 3) was constructed 
from a very thin-walled glass test-tulie which was F 
cut off to the proper length. Short platinum 
wires, about 0.5 tmn. in diameter, were sealed in 
at A, and cut off about 3 mm. from the side of 
the tube. The stirrup was forged from No. 16 1 

nichrome wire and then gold plated A small N 
piece of platinum wire C prevented the cup from 
tipping in that direction. The opposite side of ; 
the dilution cup rested against the thermoele-* * 
ment I) When it was desired to mix the con- ' 
tents of the dilution cup with those of the 
calorimeter, the handle F attached to the 


B c 


t * 



stirrup was turned through 90which allowed 

the lube N to upset, after which it was raised 

into the neck of the flask. In this manner it t I>iJullODC ^ 

was jKissiblc to make the dilution with certainty ■ a c - 1 cm - * J5 ™ 



Fig. 4 ~T«i1e calorim¬ 
eter* is constant’teuipcr- 


and without stopping the stirrer T,. 

The calorimeter unit, consisting of the 3 calorime¬ 
ters, their supporting framework and stirrers, were 
mounted in a constant temjxnature jacket, as 
shown in Fig. 4. This consisted essentially of one 
of the standard ca^t iron water thermostats O 
36' X jS' X 18’, as used in this laboratory. This 
thermostat was well stirred, well lagged and kept 
constant to o,ov°. Above this was constructed a 
wooden thermostat, P, of * % matched lumber. 
The air was stirred by means of an ordinary 8* 
desk fan, Q, was heated by means of lamps, and 
was regulated to 0.0 2 0 by means of a relay and a 
brass-rubber thermal regulator. The operation of 
the dilution cup was accomplished through small 
openings covered with canvas in larger doors which 
gave access to the calorimeter. The operating posi¬ 
tion of the calorimeter unit was as shown in Fig. 4. 
It was counterbalanced by means of the weight R 
and was raised vertically along the guides SS for 
convenience in assembling. 

The main thermoelement D consisted of $0 
junctions of No. 36 double silk covered copper 
wire soldered to No. 30 double silk covered am- 
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wire was carefully tested by the method of White. 1 The junctions 
were insulated by means of cellulose acetate, the couples bundled, 
and the wire held in place by wrapping the bundle with a single 
layer of silk binding tape. Seven No. 24 double, silk-covered, copper leads 
were brought out from the thermocouples and connected to non-thermo- 
electric binding posts 2 mounted on hard rubber. Four of the leads 
divided the main thermocouple into 2 independent 25-junction elements, 
a fifth divided one of the 25-junetion elements into 10- and 15-junction 
elements, and the last 2 served the 20-junction auxiliary' element. The 
„ , thermoelements, after being bound and 

T. ,' , ’ taped into shape, were placed in the 

| 0 ^HL. - > 1 brass trougli-shajied mounting shown in 

1 'S t __/ ’’ Figs. 1 and 2, a detail of which is shown 

’ / iu Fig 5. Thin glass protecting tubes 

I v partly filled w ith naphthalene at a tem- 

perature just above its melting point 
C were put in position as shown. The 

trough and the remaining space in the 
A glass tube were then completely filled 

with paraffin and the paper gasket and 
brass cover U put in place. The lead 

Fig- 5 —Detail o( ibem.oconpk WCrC thel1 soldered Lo lht ‘W 1 

mounting. Scale 1 cm, *=25 cm. binding posts, the copper tulle and ter¬ 
minal box completely filled with paraffin, 
and the hard rubber block carrying the binding posts fastened in 
place. With a difference of temperature of 3 0 between Calorimeters 
1 and 2 no observable electromotive force has ever been observed 
when the two 25-junction elements were opposed. In constructing the 
couple and m designing the mounting extreme care was taken to avoid 

be ” ds in . thc wire or inlr oduciiig strams due to bending the 
undle. The use of silk tape in binding greatly facilitated the careful 
handling of the thermocouple. The satisfactory performance of our 
thermocouple is in large measure to lie attributed to the careful observ¬ 
es o e a w\e precautions and to the rigid mounting employed. 

Our potentiometer has already been described, 1 The system was 
shielded as suggested by White/ Parallel copper wires were supported 

Z d ^T B W ° rk and “ !dercd t0 the various units of tbTSd 
and to the main casting C C C of the calorimeter. Between these wires, 
glass tubes, the surfaces of which were heavily paraffined 

|Whitc Tms Journal, 36, 2293 (l9l4) . 

^ - <«»<>• 
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by means of wires running through the centers. The lead wires to the 
potentiometer from the thermocouples, standard cell, galvanometer, 
etc., were supported upon these paraffined glass rods. The shielding 
wire, ordinary No. 14 black, weatherpoof, copper conductor, was not only 
an electrical shield, but also an effective mechanical guard and support. 

Calibration of Thermocouples.—At the same time as our thermo¬ 
couples were constructed, Dr. Rode hush, of this laljoratory, made two 
4-element thermocouples from the stock of wire which we had tested. 
One of these thermocouples was sent to the Bureau of Standards, where 
it was compared with their standard resistance thermometer. One end 
of the couple was placed in melting jcc, and the other end in baths at 
various temperatures between —41 c and 50°. Above 0° they found the 
relation between the electromotive force and the temperature to be given 
by the following equation with a probable accuracy of 0.005° to o.oi 0 : 

E 163.jot + o.2030f s — 0.0002451 s (3) 

Rodebush 1 found that his second 4-element thermocouple was identical 
with the first. Our 20-junction element was compared with the stand¬ 
ardized 4-junction element and found to have an electromotive force 
exactly 5 times that of the 4 junction element within the limits of the 
Bureau of Standards equation. For this comparison large Dewar test- 
tubes were substituted for the Calorimeter Flasks 2 and 3 (Figs. 1 and 3). 

The temperature of the water in a third Dewar test tube which was 
substituted for Calorimeter No. j, was kept at approximately 25 
the water in No. 2 was kept constant at approximately 24.5® 
and 26.5°, and No. 3 was filled with a mixture of ice and water. The 
temperature of the water in No. 1 was measured accurately by means of 
the 4-junction element, and that in No. 2 was measured by means of the 
20-junction element. The e. m. f. readings of the 50-junction element 
were taken every minute, those of the 20- and 4-junction elements alter¬ 
nately on tlie half minute over a period of about 30 minutes, and these 
readings interpolated to common times. 

The following table summarizes the averages of the results of the sev¬ 
eral series. The second column gives the average e- m. f.s of the 4-junc¬ 
tion element, the third gives the averages of the temperatures of Tube 1 
calculated from Equation 3. the fourth gives 7 * of the average e. at. Is 
of the 20-junctkra element, the fifth the average temperatures of Tube a, 
the sixth the average e. m. f.s of the 50-junction element divided by is .5, 
the seventh the difference between the sum of the e. m. f.s in Cote, 
4 and 6 and those in Col. 2, and the eighth the average value of AE/AJ 
for the 50-junction element as calculated from the individual values of 
E*i and the calculated temwwnt™*-* 
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Tab ie I —Microvolts per Decree for tbs 50-Junction Thermoelement. 


Scries. 

Ei 

M m v. 

i 

£»• X 0 2 , 

M m v. 

1. 

X 0 OS. 
M.tn.v, 

Difference. 
M rav. 

A&./A1. 
H.m.v./deg 

I. 

4182.1 

24.84 

3957-7 

23-54 

223.4 

—r.o 

SIS* 

2 . 

41S7 7 

24-97 

4439 4 

26 32 

—250.2 

4 - 1-5 

3 IJ 2 

3 . 

4188.4 

24 88 

3942 8 

23 4fi 

244.9 

—0 7 

2152 

4. 

4200 4 

24 99 

44 * 0-4 

26-55 

—272. X 

—1.1 

2X72 

5 . 

4208.2 

24 99 

4480 1 

26-55 

— 272.6 

— 07 

2174 

6. 

4207 5 

34 98 

4478.9 

36-55 

—272.4 

— 1.0 

2177 

7 . 

4188.5 

24.86 

4519-1 

36.78 

— 3 Ji 5 

—0 9 

2155 

8. 

4186.4 

24.86 

4520-3 

26.79 

—331 5 

+2.4 

2152 

9. 

4188.8 

24 88 

452 I.fi 

26.79 

—331 2 

+ 1.6 

2160 

to. 

4 I 92-2 

24 9o 

4526 J 

26 82 

—333 2 

4 -o 9 

2162 


4203.8 

24 96 

4332-4 

26 86 

-328.8 

—0 2 

21JI 


It would have been very desirable to compare directly the 50-junction 
element with the standardized 4-element couple, but owing to its peculiar 
form of mounting we were unable to arrange it alongside the 50-junction 
element. The direct comparison of the 20-junction with the 4-junction 
thermoelement showed that these couples were identical. If the 50-junc¬ 
tion thermoelement was also identical with the 4-junction thermoelement, 
the difference shown in Col. 7, Table I, should be zero, provided that 
the temperatures of the two sets of junctions in each vessel were identical. 
We will take as the final values for dE 'dT those obtained by differentia¬ 
ting Equation 3, by which we obtain 2163 microvolts per decree at 24 5 0 , 
2165 at 25 0 , and 2167 at 25.5°. These values agree, as would lie ex¬ 
pected, within the limits of experimental error, with those given in Col. 
8 of Table I. Any small error in the value of dE/dT will affect the 
calorimetric determinations to a much smaller degree. 

Heat Capacity of the Calorimeter.— The heat capacity of the calorimeter 
was determined in the following manner: A weighed amount of water 
was placed in the calorimeter flask and a constant current passed through 
a known resistance. The resistance consisted of a coil, of xuanganin 1 
(Therlo) wire, whose resistance was determined by means of a Wheat¬ 
stone bridge. The current was measured by means of the usual standard 
ohm coil and potentiometer, and the time (about jo minutes) by means 
of a stopwatch. The quantity of water used was varied so that the level 
of the water corresponded with that used in the dilution experiments. 
The temperature of the jacket and twin calorimeters was 25 The 
change of the e. m. f. of the 50-junction differential element was meas¬ 
ured by means of the combination potentiometer The usual initial and 
final periods were taken at half minute intervals, The rate of change 

wire 3 reSi ’ r f nCC ° f ’ W ' ohm '■ 11 cwwisted • coil of No. 26 Therlo 

plated The ZZ TV" 4 'f 91 ,®?' 1 tn aflal - C0 PP er which was afterward* «!vcr- 
P _d. ^ The specific heat of thy*. (o ,88 g.) was taken „ 0 . 30g( Q f U* copper 
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during these periods reached a very constant value which was not greater 
than dE/dt = i.r m.m.v. per minute. The results of these experiments 
are given in Table II. The first column gives the num1>er of the vacuum 
bulb used, the second the weight of water used, the third the electrical 
energy added expressed in calories, the fourth the observed change in 
e. m. f., the fifth the temperature rise, the sixth the total heat capacity 
of the system, the seventh the heat capacity of the wateT and the heating 
coil, and the last the heat capacity of the calorimeter. All weights are 
reduced to vacuum, one caloric equals 4 182 joules, and the specific heat 
of the water at 25 0 was taken as o 9078. 

Tabu? II —Heat Capacity op Vacuum Fi.ask Calorimeters. 

Cp 



Wt of 

Energy 




c p 

c t 

Calorim¬ 


11,0 

Mddnl 

at 



System 

Water 4 cotl 

eter. 


G 

CaJ 

M m v 


A/ 

Cal /deg 

Cal /deg 

Cal/deg 

Li 

800 8 

532 O 

IJ 43 6 

O 

6309 

840 6 

799 2 

4**4 

Li. . 

800 8 

487 5 

I26l.O 

O 

5819 

837 8 

799 2 

38 6 

L 1 

ftoo 8 

340 4 

I4OO 9 

0 

6465 

835 9 

799 3 

36 7 

Li 

800 8 

393 9 

ijiS 9 

0 

7009 

847 3 

799-2 

48 1 

L 2 

800 8 

704 i 

1 799 3 

0 

8303 

848 3 

799 3 

49 0 

La. . 

600 6 

677 9 

3373 0 

1 

0489 

646 3 

6oo o 

46 3 

hi 

600 6 

630 8 

2183 9 

1 

007s 

645 7 

600 O 

43 7 

L 3 

■ 900 9 

6Rj 7 

1566 2 

D 

7139 

944 6 

899 7 

44 9 

hi 

900 9 

654 0 

1496 I 

O 

6904 

945 9 

S99 7 

46 2 

hi 

900 9 

668 8 

'533 4 

O 

7076 

945 2 

899 7 

45 5 

L 2 

800 8 

41 86 

109 66 

O 

O5O6S 

847 8 

799 8 

48 0 

La .. 

800 8 

44 37 

114 26 

O 

0\2T2 

848 6 

799 8 

46 8 


The value for the heat capacity of flask L 1, together with that of the 
stirrer and thermocouple was taken as 38 9 calories per degree, that for 
lv 2, etc., as 46 o calories jxir degree. In the last two measurements 
only a very small current was passed through the heating resistance, 
and the temperature rise was very much smaller than in the preceding 
experiments. It was found that the heat capacity of the flask was* 
within the limits of experimental error, the same as that obtained in 
Expts. 3 to io, in which the temperature rise was nearly one degree. 

Specific Heat of Solutions of Sodium and Potassium Chlorides at 
25°.--The experimental procedure used in determining the specific 
heats of these solutions was the same as that employed in determining 
the heat capacity of the calorimeter flasks, except that the solution was 
substituted for the pure water. The results are given in Tables III and 
IV. In each experiment 800 8 g. ol solution was placed in calorimeter 
flask h 2. The first column gives the concentration, the second the energy 
added expressed in calories, the third the observed change in e. m- f. of 
the thermocouple, the fourth the 
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Table III. —Specific Heat of Solutions op Sodium Chloride at aj*. 


M 

Energy 

added. 

Cal 

AE. 

M ro.v. 

at 

c t . 

System 
Cal./deg. 

C P 

Solution. 
CtM /deg 

Specific 

Heat. 

6.20 

361-9 

1169.6 

0.5397 

670.5 

623,8 

0.779 

6.17 

446.2 

14338 

0.6616 

674.4 

627-7 

0.784 

6.20 

7359 

2372.5 

1.0947 

673.2 

625 5 

0.781 

6.20 

736 3 

2366.5 

1 0925 

673 9 

6272 

0 784 

4.04 

688.0 

2112.1 

0 9746 

705.9 

639 2 

0.824 

403 

585.0 

1800 9 

0 8311 

704.0 

657- 3 

0 821 

Table IV.— Specific 

Heat of 

Solutions 

of Potassium Chloride at 25°. 

if. 

Energy 

added. 

Cal 

a£. 

M m v 

at 

C t> 

System 

Ctd /deg 

C, 

StfiuOon 
CAl rtcS 

Specific 

Heat 

Cal ft /<Jeg 

485 

655 3 

2308 4 

1 0655 

615.1 

j6R 4 

O 710 

4.84 

6is 4 

2180.0 

I 0060 

cm 7 

468.0 

0 7*o 

4.84 

713.2 

2514 1 

l 1602 

616 5 

469 8 

O 712 

2.72 

723 0 

2279.4 

1 0517 

687 4 

(140.7 

0 801 

*•73 

7243 

2277 2 

I 050S 

689 2 

042 5 

0 80J 

2 73 

70.1 5 

2212 <1 

I 0210 

689 0 

042 3 

0 803 

The mean 

value of the specific heat in 

the above tables, together with 

the data obtained by Thomsen, 

! are given in Tables V and VI. The first 


column gives the observer, the second the concentrations, and the third 
the specific heat in terms of the 15 0 calorie. 


Table V.— Specific Heat of Sodium Chloride Solutions at jj”. 



Mol* ■ 1000 g >1,0. 

eSjl If 

R and B. 


0 782 

T. 

. 5 55 

O 791 

R and B. 

. 4 04 

0.823 

T. 

. 2 78 

O 863 

T. 

. 1 85 

O 893 

T. 

. f It 

O 931 

T. 

. 0.555 

0.962 

T. 

. 0 278 

O 978 


0 000 

0 9978 


Table VI.—Specific Heat of Potassium Chloride Solutions at as*. 


R and B . 

Mols/IOM') t HtO 
. 4 *4 

fcp K, 

0 711 

T. 

. 3 70 

0 761 

R and B. 

. 2.73 

0 802 

T. 

. 1.85 

0 850 

T. 

. 1 - II 

0,904 

T. 

. 0-553 

0.948 

T... 

. 0.378 

0.970 


' Thomsen, "Thera ochemrtry,” trass by Burite, p. 163. f-ongmans, Gwen tad 
Co., 1908. Thomsen's measurements were made between 18° and jo® and were ex* 
Prtsaed in 18 0 calories. His calorie was, therefore, smaller than the 15® calorie W hich 
We tare used, and his results were o r % high. II we assume, however, that the specific 
Beats of sodium and potassium chloride solutions decrease with an increase in ton* 
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The measurements given in Tables V and VI have been plotted in Fig. 
6. All the values fall upon smooth curves except the one for sodium 
chloride (2.78M), at which concentration the value o 860 appears to 
be the best value. 



o OOO o 900 o 800 o 700 

Fig 6 —Sprcific heat of solution 

If, in calculating the change of the free energy of a reaction with the 
temperature, An is not constant but is a function of the temperature, 
then wc must know the difference between the heat capacities of the sub¬ 
stances appearing in the reaction and those disappearing 1 If one or more 
of the substances taking part in a reaction occur in solution, we must 
use not the heat capacity of the solution, or the heat capacity of the pure 
substances, but the heat capacity of the substance when in the solution 
at the given concentration This quantity, c t ,. the partial moial heat 
capacity, is the increase in the heat capacity of a large amount of the solu¬ 
tion at the given concentration when one mol of one of the constituents 
is added to it. If we attempt to evaluate the partial molal heat capacity 
of the constituents, using the values given in Tables V and VI, and using 
the method suggested by Lewis ,* wc find that the value of c f for sodium 
chloride and for potassium chloride in their dilute solutions is negative. It 
is zero near i .5 Af for sodium chloride and 2 5 M for potassium chloride, 
and is positive at greater concentrations. The above data are sufficiently 
accurate for the calculation of the results of our calorimetric measure¬ 
ments and for an approximate calculation of c fl especially in the more 
concentrated solutions.* 

* Set lewis, Tins Journal. 35,1 (1911). 
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'The Partial Molal Heat of Solution of Water, h —h(HjO), in 
Sedations of Sodium Chloride.— The measurement of the heat absorbed 
when water was added to solutions of sodium chloride was carried out as 
follows-. The temperature of the room was adjusted to 24° =*= j°, and 
that of the air thermostat to 25° ± 0.02°. The solution and distilled 
water were brought to 25 0 in a water thermostat. The Calorimeter Flask 
1 was removed from the air thermostat and the required amount of solu¬ 
tion quickly weighed into it, and the flask replaced in the air thermostat. 
Water at 25 0 was likewise transferred to Calorimeter Flask 2. In some 
cases it proved convenient to introduce the water into Flask 2 at a tem¬ 
perature slightly less than 25 0 and to adjust it by means of a small heat¬ 
ing coil which was left in the flask during the experiment. Distilled water 
at 25 0 was then transferred to the dilution cup (Fig. 3) by means of a cali¬ 
brated pipet, delivering 24.92 g. of water in Expts. 1 to 52, and 24.96 


g. of water m the remaining experiments. When not in use the pipet 
was kept in the air thermostat. The calorimeter was then assembled, 
lowered to its operating position, and the stirrers set in opetation. The 
stirrers were allowed to operate for about 4 hours, at tiie end of which 
time, if the above precautions were properly observed, the e ni f. of the 
50-junction element would be between o and 10 microvolts, and its rate 
of change would not be greater than o 5 mm. on the galvanometer scale, 

raters? P °n ded t0 0 05 per minute - In *** this 

rate was as small as o.ooi m.m.v. per minute. 

If the rate of change of e. m. f. was uniform, the rest point of the nil 
variometer was taken, then the usual initial period of L t f 

Sntof; ch 1 e d,!ution was made as ***** ^ nc 

- w* ■££ T ?■ tr : ,f " ,r 5 --• '• 

pomt of the galvanometer was again determined "ri the ^ 

vanometer deflection against time «7 Tfie ran ' ,: ol lhe W* 

which the dilution was made and the ext ^ “ tr j‘ ;K ' ,ated the time at 
volts. As the greater part of the t P ° ! cd Value reduced to micro- 

“ and one of them placedhTcTT * of like "'Stance arc connected 

iD the bCat ■ "T ‘ he °"' tr :n Calonmeu"^ 

placing equal amount, oF water n the t Ca | onmctCTS can b* atvurate) * * j* 

Stven time through ae l 

° f -j-s: 

In the measurement oftfT* ten, P era ‘“* changes 30-junction 

calorimeters ^25 a!«*** the s„l u ^ 1 »• 

it should be possible t nlution. From the data ni t ' <■ watx ‘ I ' n one of the 
in dilute solutions. ° “ CUkte the va ^ which !ot ^ ^ ^ swre * neBts 

and for K Cl approach 
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the first 2 or 3 minutes, no large uncertainty in the method of extrapola¬ 
tion can exist. 

The results of the experiments are given in Table VII. Col. 1 
gives the number of the experiment, the second column gives the initial 
weight of the solution, the third the initial concentration, the fourth the 
final concentration, the fifth the specific heat of the final solution taken 
from the curve given in Fig. 6, the sixth the difference in the initial and 
final values of the e. m. f., extrapolated to the time of dilution, the seventh 
the corresponding change in temperature, the eighth the heat absorbed, 
and the ninth the heat absorbed per mol. of water added. Calorimeter 
flask I. f was used in Expts. 1 to ir, and I, 2 in Expts. 12 to 59. 

Table VII.— 5{H,0 in NaCl) — h(H,G) at 25 ”. 



Wt ot 





Sp I! 





Herat 

Hrat per 



wAutioo 

Af 

3 / 

V tutti 

- AE 

— 

At 

absorbed 

mol HsO 

h— a. 

No 

O. 

In. 

tut! 


nttl 

uoit.tion 

M m 

V 

X JO* 

Cal 

Cai. 

Cal 

1 

790 7 

6 

13 

5 

97 

0 784 

53 

63 

34 

76 

16 

Si 

iai5 

11.5 

2 

790 7 

5 

97 

3 

74 

0 78s 

39 

90 

38 

39 

19 

35 

13 9 « 

13.9 

3 

790 7 

5 

74 

5 

34 

0 791 

76 

44 

33 

3 <> 

24 

13 

17.46 


4 

790 7 

4 

fu 

4 

47 

0 811 

99 

66 

46 

01 

33 

22* 

22 30 

21.8 

5 

790 7 

4 

47 

4 

tl 

0 815 

99 

94 

46 

13 

32 

43 

23-43 

*3 1 

6 

790 7 

4 

3 * 

4 

12 

0 820 

10a 

43 

47 

38 

33 

46 

24 18 

... 

7 

790 7 

3 

99 

,1 

84 

0 S27 

b 9 

98 

41 

56 

39 

63 

21 42 

215 

S 

790 7 

3 

84 

3 

f >9 

0 831 

97 

30 

44 

94 

32 

20 

23 27 


9 

790 7 

3 

C >9 

3 

34 

0 836 

91 

33 

42 

IS 

30 

40 

31.99 


K> 

79 ° 7 

3 

4 ^ 

3 

33 

0 842 

78 

09 

38 

So 

36 

18 

18 94 

19 4 

11 

790 7 

3 

33 

3 

»4 

0 84.1 

74 

52 

34 

41 

25 

oj 

iS. 13 

... 

12 

780 7 

3 

24 

3 

13 

0 848 

77 

45 

15 

77 

16 

OS 

18 86 

193 

13 

7S0 7 

3 

1.1 

3 

01 

0 833 

72 

91 

33 

67 

24 

66 

17 84 

18.3 

'4 

780 7 

3 

01 

? 

90 

0 8ss 

69 

23 

31 

99 

33 

50 

16 99 

27 3 

IS 

780 7 

2 

W 1 

3 

So 

0 838 

66 

21 

30 

5 « 

13 

54 

16.30 

16 5 

US 

7B0 7 

2 

80 

3 

70 

0 6<>a 

63 

88 

39 

5 ! 

21 

»4 

li-Bo 

16 0 

17 

780 7 

2 

70 

2 

60 

O 866 

61 

88 

28 

60 

21 

36 

15 39 

15 5 

t« 

780 7 

3 

60 

2 

51 

O 669 

60 

23 

27 

83 

30 

J6 

15 02 

... 

19 

780 7 

2 

06 

J 

99 

0 88<j 

41 

08 

18 

97 

14 

45 

10 46 

10.6 

20 

780.7 

I 

Jo 

1 

43 

0 913 

33 

83 

10 

54 

8 

24 

5 96 

6.0 

21 

780 7 

I 

43 

1 

40 

0 916 

32 

75 

10 

5 ° 

8 

24 

5 96 


22 

780 7 

O 

944 

O 

912 

0.942 

IO 

♦ » 

4 

81 

3 

.86 

2 79 

3.8 

*3 

780 7 

0 

88 2 

0 

838 

0 944 

11 

39 

5 

31 

4 

.30 

S t>3 

3-0 

24 

780 7 

a 

493 

O 

4*4 

0.970 

2 

00 

0 

92 

0 

76 

0 55 

0.55 

95 

760.7 

3 

«9 

3 

00 

0 *36 

72 

28 

33 

3 « 

*4 

.00 

1734 

«7 7 

26 

780 J 

3 

00 

2 

9 * 

0 838 

f>9 

54 

32 

-13 

23 

>5 

16.78 


*7 

7So 7^ 

1 

93 

I 

8? 

O 891 

37 

07 

«7 

12 

>3 

07 

943 

9.6 

38 

7 S 0 7 

S 

8; 

« 

82 

0 897 

33 

68 

t6 

47 

tl 

66 

9.16 

93 

*9 

9 S® S 

6 

25 

6 

00 

0 784 

47 

.04 

19 

43 

13 

?6 

11 40 

10.9 

30 

9jo 8 

6 

01 

3 

r» 

0.785 

46 

49 

11 

47 

«T 

44 

12.8* 

13.0 

3 * 

9 S« 8 

5 

99 

5 

79 

0.7S6 

47 

93 

22 

•5 

18 

.00 

... 

... 

3* 

959-8 

$ 

n 

5 

.60 

0.7S9 

34 

36 

*3 

.10 

30 

•49 

14.82 

1J-9 

33 

950.8 

5 

60 

5 

40 

0 793 

61 

.48 

28 

■*o 

23 

29 

16.85 

16.5 


* A plot of Expts. t to 9 gave a value of 30.53 cal. fw Expt. 4. This value 
*u used to csJeutottaf heat/mol end a — a. 





No. 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 
5* 

52 

53 

54 

55 

56 

57 

58 

59 
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Tabls ^ 

Wt of 
solution. 
G 

M. 

Initial. 

M 

final 

Sn H 
Final 

solution 

950,8 

5-4° 

5 31 

0 796 

950.8 

5 21 

5 02 

0 Soo 

950 8 

5 02 

4 89 

0 802 

950 8 

4 89 

4 73 

0 806 

950 8 

4 73 

4 60 

0 S08 

950 3 

4 60 

4 45 

0 S12 

950 8 

4 46 

4 79 

0 Sid 

950 8 

4 29 

4 15 

0 819 

950.8 

4 is 

4 00 

0 S23 

941 S 

> 39 

3 29 

0 84 7 

950 8 

3 29 

3 *9 

0 8yi 

950 8 

319 

3 09 

0 S50 

950 8 

2 43 

2 37 

0 874 

950 8 

2 37 

2 30 

0 877 

950 8 

189 

1 84 

0 8y6 

950 8 

1 84 

1 i>o 

0 "-97 

950 8 

I So 

I ^6 

0 899 

950 s 

1 13 

1 10 

0 931 

950 8 

1 10 

T 07 

0 933 

1000 9 

4 31 

4 is 

0 818 

1000 9 

4 18 

4 07 

0 821 

1000 9 

4 07 

3 94 

0 825 

959 8 

3 94 

3 82 

0 828 

950 8 

3 82 

3 70 

0 831 

950 8 

3 70 

3 57 

0 835 

950 8 

3 57 

3 44 

0 879 


,’11 (continued) 

Heut 

A 1? — & t absorbed 

Mmv XNH “ 

65 03 30 14 24 80^ 

63 23 29 31 24 IS 
71 j6 42 90 77 3<> 
73 31 33 86 28 2° 

76 44 35 30 29 A 8 

77 07 is 59 29 82 

75 45 3'‘ 23 30 4-’ 

763, 35 24 29 75' 

76 56 35 35 29 88 

65 M 3° 39 28 ,r) 

33 00 29 40 7 5 62 
61 54 28 53 '! 7 s 

44 79 20 77 I s 87 

42 99 19 7° <7 "8 

28 73 '3 26 12 19 

33 04 Is -!5 U f, 4 

26 77 12 M 11 4» 

13 9 r 6 2S 5 09 

12 94 5 97 5 71 

71 ./■ 32 83 28 45 

72 1 (» 33 51 28 91 

71 03 73 os 2> 81 

73 34 33 97 - v 25 

72 73 33 .79 27 93 

72 00 33 27 27 90 

65 59 30 20 25 47 


From a plot 25 72 appears to be a irore likelj vjli a 
From a plot 30 10 appears to be a more hktlv value 


Heat per 
mol IliO 

n — n. 

Cal 

Cal. 

17 94 

17 5 

18 60 

*7 9 

19 7 * 

17 4 

20 40 

20 1 

21 32 

21 .2 

21 57 

31 7 

22 OI 

23 1 

21 78 

21 9 

21 62 

21.6 

19 24 

19 6 

1 S 88 

19 2 

18 56 


13 5° 

U 8 

12 Sf. 

13 2 

18 83 

9 O 

S 29 

8 4 

4 33 

4 4 

4 13 

4 > 

20 40 

21 1 

20 87 

2J O 

20 80 

21 0 

20 40 

20 6 

JO 1(1 


20 IS 


18 78 



The heat absorbed per mol of water added, </it< n m Col 9, is very 
nearly h — 11. However, the amount of v.atvi added is not infinitesimal 
as compared with the amount of solution In most cases the final solu¬ 
tion of an experiment was the initial solution of the sum-ding one. In 
these cases, by combining the results of erne experiment w ith those of the 
succeeding experiments and making corrections for the additional quan¬ 
tity of water needed to dilute the 25 g of solution which was removed for 
analysis, etc., and the additional heat which would accompany this dilu¬ 
tion, we obtain the amount of heat which would be absorbed when the 
original amount of solution was diluted with a little more than 50 g. of 
water. By combining these results once again with those of the next 
succeeding experiment, we obtain the quantity of heat absorbed when a 
firm 6 Un 7 , 5 v ’ afer ‘ s to the original amount of the solu- 

f unction ’ r ♦?' the aD10unt ° f heat P" mul ,,f »*ter added is plotted as a 
iunct on of the amount of water added,' we may extrapolate and find the 

Maclnnes and Btaham, Tins Jorums, 39, a, lo ( >9 ,7), 
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value of h —11 at tlie initial concentration of the first solution. If the 
variation of it with the concentration is nearly linear over the concentra¬ 
tion change considered, the extrapolation is quite satisfactory, otherwise 
the result is somewhat uncertain. The values of h — h are given in 
the last column of Table VII and are plotted in Fig. 7. 



diuni chloride. 


Besides the values given in tins table, we also know that the partial 
molal heat content of the water will approach a constant value in dilute 
solutions, namely, the heat content of water. Thus n — it » o at 
infinite dilution. The values gradually increase, reaching a maximum 
of about 11 calories at 4 2 M, and then decrease to a value of alxmt ti 
calories in a saturated solution. The shape of the curve will lie discussed 
further in a later section. 

Partial Molal Heat Content of^Water La Solutions of Sodium Chloride. 

—For liquid water I.cwLs and Randall 1 have used the value Aitts** ** 

Table Vltt,—P aktiai, Moua Heat Ostk.vt or Watk* 01 Aocsous SowmoNs or 

Sotni’M CwLorniK 


Cow t* 

to x«a *<] > 

ffidt p«2 IWW f )lfO 

col 

0 go 

■—*4 ,373 

ft 55 

—68,171 

O 8 

—68,270 

t O 

—68,269 

*4 

—68,266 

a 0 

—68,261 

M 

—68,268 

3 o 

— 68,333 

i 3 

—68,*jj 

41 

"~ 48 ,S 50 

4 « 

—68,251 

5 * 

— 68,154 

58 

—66,258 

6.1* 

—-68,261 


• Uwi» tod Randall, Tun Jocatuu, id, 1969 (>914}- 
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—68470 cal. This corresponds at_25° to —68272 cal. Combining this 
value of Ahjsj with the values for 11 — ii(H s O) given in tlie last column 
of Table VII, we obtain the following \ allies for the partial molal heat 
content of water in solutions of sodium chloride. The first column gives 
the concentration and the second the \alucs of An(H;0 in NaCI aq.). 

Heat of Dilution of Solutions of Sodium Chloride.—The measurements 
of the heat absorbed when a small amount of saturated solution (612 M) 
of sodium chloride at 25 0 was added to 7110 S g. of water, contained in 
flask L 1, were made in the same manner as those described in the previous 
section. In Table IX the first column gnes the final concentration of 
the solution as determined by anah sis, the second the specific heat, the 
third the weight of saturated solution added, as calculated from the final 
analysis, the fourth — Mi, the filth -X, the sixth the heat ahsorlied in 
calories, and the seventh the hint absori id when a solution 6 12 ;*/, con¬ 
taining one mol of sodium chloride is diluted to the final concerntiatioli. 
given in Col 1. The mean of tin list 4 measurements gives 606 
calories 


Table IX— Heat or Dilctiu.s or 61 2 M XjCI 


M 

Sp Heat 

Ut of 
solution 


— Aj 

Lmal 

en /g /deg 

added (.» 

M ui v 

X \ j % 

0 1792 

0 9S6 

29 47 

212 14 

97 'A 

0 1761 

0 987 

2* 95 

20a. 51 

9^ 4* 

0 1856 

0 9853 

30 51 

214 12 

9S So 

0 1844 

0 985 

30 31 

210 94 

96 

0 1758 

0 9865 

28 9 

2 2 46 

01 4 » 


Jlr a 
at >r> cd 

C BU 

S2 SO 

;y is 
s> 7H 
10 
79 10 


Licit, mol 
•Natl 
C*1 

621 3 

606 4 
009 o 
bra 8 

607 O 


The vaiue obtained above inaj ,.c compand with that derived by the 
Mowing method from the v .lues „nen ,n 1.1 k \ u Tin- values of 
Ah are plotted as ordinates and the eomenliatiom, expressed as xnols 
of water per tool of salt, as aWisa. m 11. , 
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Q - H dx. (4) 

Now the value of this integral is the area under the curve (Fig. 8) between 
the concentration limits % x and it, and the heat of dilution may be found 
directly by counting squares. The first column in Table X gives the upper 
concentration limit, mols HiO/mol NaCl, the second the lower concen¬ 
tration limit, mols HjO/mol NaCl, the third the same concentration 
expressed in mols NaCl per iooo g. IljO, the fourth the heat absorbed on 
the dilution of a solution containing one mol of sodium chloride from the 
upper to the lower concentration, and the fifth the heat absorbed when 
a solution, 6.12 M NaCl, containing one mol of sodium chloride is di¬ 
luted to the concentration given in Col. 3. 

Tablb X —Hbat or Dilution or Sodium Cinoama Solution. 


A 

A 

JA 

Q 

0 

Mol* H#0. 

Mol* 11 * 0 . 

Moll NaCl 

It to 

t\2MtoU 

Md* NaCl. 

Moii N*a. 

KXJOg UrO. 

Cal /mol N*C1 

Col /mol N»Q 

9 04 

10 0 

5 55 

»3 0 

13 0 

IO O 

12 0 

4 f >2 

38.2 

51.2 

la 0 

*4 0 

5.96 

43-8 

95 0 

14 0 

16 0 

3 47 

4 ».o 

136.0 

J6.0 

18.0 

3.08 

37 6 

173 « 

ifl 0 

20 0 

a.78 

34 I 

207.7 

30 0 

23 O 

a. 5 J 

30-4 

238.1 

22 O 

26.0 

1.13 

51.2 

289 3 

36 O 

38 0 

1.982 

20.0 

309 3 

28.0 

300 

1.850 

18.5 

327 « 

300 

54 0 

1 632 

31-4 

359 * 

M 0 

380 

1.461 

26 0 

385* 

38 0 

50 0 

1.110 

60.6 

♦ 45-8 

50 0 

60 0 

0 935 

36 5 

482.3 

60.0 

100.0 

c-JSJ 

80.0 

56 a 3 

100,0 

150.0 

0.370 

35 -o 

597 3 

*50 0 

300 O 

0.278 

10.0 

607.3 

300.0 



i 0 

6093 


The further dilution of a 0.278 M solution of sodium chloride produces 
only a small heat effect. From a consideration of the probable value 
of ii — h for water in solution, as indicated by the curve in Fig. 7, we 
have estimated approximately 2 calories for the heat of dilution from 
0.378 M to infinite dilution. The value for the heat of dilution of one 
mol of sodium chloride from 6 .12 M to infinite dilution, namely 609 
calories, "agrees well within the limits of experimental error with 606 
calories, the value given by Table VIII. For convenience in using Table 
X we will make two small adjustments, calling the heat of dilution from 
60.0 to 100.0 mols equal to 77.7 cal., and that from 100.0 to 150.0 
mols equal to 34.0 cal. We then have for the values for the heat of dilu¬ 
tion of 6.13 M NaCl to 0.555 Af, 5 &>-° «!•; to 0.370 M, 594 cat; to 
0.378 Af, 604 cal.; and to infinite dilution, 606 cal. 
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Heat of Solution of Sodium Chloride.-Tbc heat of solution of sodium 
Chloride was determined by placing small amounts of pure dry sodium 
chloride in the dilution cup and adding it, as in the previous experiments, 
to 790.8 g. of pure water Calorimeter Flask I, i was used. The first 
column of Table XT gives the concentration of the final solution, the second 
the specific heat of the final solution, the third A/i, the fourth At, 
the fifth the heat absorbed in calorics, the sixth the heat absorbed per 
mol of sodium chloride dissolved, and the l. -t column the sum of the 
values in the sixth column and the heat absoibed when the solution is 
further diluted to infinite dilution 


Table xr— Hkai of Soi b-TJ.", uF 8oi.1t M Lnu>RU>h at 35“. 
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- f >2 Z 

2o« 2 

1014 

1016 

0 4601 

0 9680 

949 35 

439 O 

362 2 
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0 ^400 

0 9630 

I ((< 

507 t» 

418 0 
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The mean neat ot solution 01 sodium chloride in a very huge amount of 
water is 1019 calories per mol. Set oral attempts were made to dissolve 
larger amounts of solid sodium chloride in water in the calorimeter, and 
also to dissolve it in curving concentrations, but the temperature equi¬ 
librium was established very slovK The icsults were erratic and of no 
value, *1 he same results can, inoreovtr, be directly obtained from the 
results already given in Table X and XI The values for the heat of 
solution when one mol oi sodium chloride *s dissolved in enough pure 
water to form solutions ol the imsous concentrations are given in Table 
Xll and plotted in Fig 9 The ordinates above the line Q ** 413 cal 
Table XII-The Heat of Solvtiox of Solum C«,o*i»b at 23*. 
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which Is the heat of solution to form 6. ra M solution (saturated solution 
35°) represent the values of the heat of dilution given in Col 5 of 
Table X. The first column of Table XII gives the concentration in 
tools of NaCl/1000 g. HiO, the second the concentration in mols HiO/ 
mol NaCl, and the third the heat of solution per mol NaCl. The fourth 
column gives the heat absorbed when M mols of salt arc dissolved in 1000 
g. of water. 



Cone, mols HjO/mol NaCl 

Fig. 9 —Heat of solution of sodium chloride in a queous sodium chloride solution. 

Partial Uolal Heat of Solution and the Partial Molal Heat Content 
of Sodium Chloride in its Aqueous Solution.—The values given in 
the last column of the preceding tabic were plotted against the concen¬ 
tration expressed in mols NaCl per 1000 g. H* 0 . and values du/dM, or 
the partial molal heat content of the sodium chloride in the solution, 
were obtained by reading ofT the tangents of the curve at the various con¬ 
centrations given in the first column of Table XIII. The second column 
gives the partial molal heat content of sodium chloride. Thomsen found 
for the heat content of sodium chloride at room temperature, —97690 
ad., while Berthelot found —97900 cal. We will use the value Ah- 
(NaCl(s)) » —97800 cal. The values of Ah (NaCl, * mols) are given 
in the last column of Table XIII. 
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tABWXni.—T he Partial Molal Hsat Content of NaCl in its Solution at jj°. 


if. 

H — HlNaO) 

JniKaClxi/;. 

6.12 

300 

—97,500 

5 55 

268 

—97,537 

4 63 

216 

—97.584 

3 47 

232 

—97 1 578 

2 78 

V4 

—97,486 

2 13 

433 

—97.3<i7 

I 632 

m 

—97,297 

I 110 

638 

—97 , 162 

0 793 

74O 

—97.054 

0 555 
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0 0 
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The Functional Relation between the Values of the Partial Molal 
Heat Content of the Water and of the Sodium Chloride in the Solutions. 

—Having obtained the values of An or 11 — ii for both the solvent 


and the solute, we inav now apply Equation i to these values. By the 
application of this equation we can make a careful scrutiny of the experi¬ 
mental results. It must be uupha-izcd. however, that in applying the 
equation as has been done tn this case, we have made use of not the indi¬ 
vidual values, but the -average, which results m drawing a curve, more or 
less smooth, through these points. 


In Table XIV the first column gives the concentration, the second tlie 
ratio of the mol fraction of solvent and solute, the tliird tlie rate of change 
of h(H 2 0 ) with the concentration determined bv reading the tangents 
to the curve in Fig. 7, the fourth the rate of <hnn;;e ol , 1 (NaCl> with the 
concentration as calculated by means of Equation ., and the last-the value 
of this quantity as given by the tangents of the nlN’aCl) curve in Fig. 7. 

Table XIV-Tbe Change or the Paetul Mol a. H. at Content ok nut Con¬ 
stituents w irn the Cover a r„ a 
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An inspection of the curves in Fig. 7 will show that if the slope of one 
of the curves is negative, that of the other is positive. The agreement 
of the calculated and observed values of the rate of change of H(MaCl) 
with concentration is probably within the limits of error of plotting. In 
a sense the two sets of experimental data used in calculating h(HsO) 
and H(NaCl) are not entirely independent, for we integrated the values 
of h(HjO) and thus obtained values which were used, together with some 
independent data, to establish the curve which was differentiated graph¬ 
ically to obtain it(NaCl). Several conclusions as to the shape of the 
h(H» 0) concentration curve {Fig. 7) are, however, on the basis of Table 
XIV, probably justifiable. While the points upon this curve are the re¬ 
sults of direct measurements, these experiments are exceedingly difficult 
and tedious, and despite the observance of very' considerable precaution 
a sort of systematic error is likely to appear and not be found out for 
some time. The value of n(ll t O), 0.55 cal., at approximately 0.4 M 
is probably too high. The slight bulge upward in the curve at approxi¬ 
mately 3 M, which from the experiments appears to have experimental 
significance, probably should not exist. The shape near the maximum is 
rather uncertain, and the values interpolated irom a curse in a region 
of this sort will depend upon the function of the concentration and upon 
the scale which has tieen chosen for the plot. In this connection the two 
curves shown in Figs. 7 and 8 are interesting. 

We have not been able to compare our results with those of other in¬ 
vestigators. Thomsen's experiments were made at about 18 0 . Brou¬ 
sted’s experiments were probably at alxmt the same temperature. The 
temperature coefficient for these reactions is rather large and lias not been 
determined with sufficient accuracy to make the results comparable. 
Thomsen made one or two experiments on the heat of dilution of sodium 
chloride at 25 which agree roughly with ours. Rumelin, who added small 
amounts of water to concentrated sodium chloride solutions, made a few 
measurements at various temperatures near 14°. 

It is hoped to continue the present investigation to include potassium 
chloride, hydrogen chloride and other simple substances, as well as sub¬ 
stances which do not dissociate and those which dissociate into poly¬ 
valent ions. The investigation would include not only the determination 
of the partial molal heal content over the entire range of solubility, but 
also the partial molal heat capacities, the partial molal free energies, and 
a comparison of the free energy of dilution, as determined from freezing 
paint and thermal measurements, with those obtained by means of 
e. m. f. measurements, 

Bwcxunr. C«L, 
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perimental Method 4. The Solubility Values. 5. Discussion of the Results 

1. Introduction. 

The erratic behavior of some mercuric oxide electrodes towards solu¬ 
tions of sodium hydroxide led to an investigation of the possibility of a 
compound resulting from the interaction of the oxide and the sodium 
hydroxide. The method adopted for studying the existence of such a 
compound is the determination of the solubility' of mercuric oxide in 
sodium hydroxide solutions of various concentrations. 

I desire to express my thanks to Profs. A. A. Noyes and P. A. Mac- 
Innes for their valuable suggestions and assistance. 

2. Purification of the Materials. 

To prepare the mercuric oxide, mercury purified by 3 distillations 
in vacuo was dissolved in nitric acid, and the solution was evaporated to 
dryness. The resulting mercuric nitrate was decomposed by heating it 
in a casserole over a gas burner. This yielded a deep red crystalline 
oxide. To remove the very finely divided material the oxide was re¬ 
peatedly shaken with water which was poured off before all the particles 
had settled. 


The sodium hydroxide solutions, which were carbonate free, were 
made by the electrolytic decomposition of sodium amalgam. The amal¬ 
gam w as prepared by the electrolysis of c. r. sodium hydroxide. The 
cMty water 


. 3 - The Experimental Method. 

hyd«"** “ l kjr —* -fan 

mg the alkali at a given concJtmt 3 hdf of the tubcs « contain- 
rotating device in .*,££*?*** V 
order to approach the eauilibn.m 1 <■ S “ 1 * at 2 5 =* 0.01°, In 

other half of u* , ubts Cl J “ lhe s “W*tl«ratal ride, the 
4 ° S - The* ,„ tes ^ to Air i°: 4 djy ‘ “ a 0 »n«»ut .1 
AH of the tubes were rotated for 1. ^ UlC Ulerinost3t at 25 s . 

which they remained in the teerLT^f 036 tem i K * rature ; *ft*r 
to greater part of the oxide to settle ‘ h ° UrS in order to a3iow 

of the solution was withdrawn thrombi /it™ CaCh ° f thc tabcs 100 cc * 

s d fiiter 01 “tton fiber; and, after 
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acidifying with hydrochloric add the mercury present was precipitated 
with hydrogen sulfide. The sulfide predpitate was then transferred to 
a perforated crudble, dried at no®, and weighed. 

4. The Solubility Values. 

The results of the experiments are presented in the following table. 
The headings are for the most part self-explanatory. The solubility 
values within parentheses were omitted in taking the mean. Those 
marked by an asterisk were obtained with 200 ce. of solution taken from 
two tubes. The significance of the equilibrium constants given in the 
last column will be described in the next section. 

Table I.- The Solubility or Mercuric Oxide ln Sodium Hydroxide Solutions 
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5. Discussion of the Results. 

In Fig. 1 the lower graph is a plot of the concentrations of mercuric 
oxide as ordinates against the sodium hydroxide concentrations as ab- 
dssas; and the upper graph is a plot of the concentrations of the mer¬ 
curic oxide against concentrations of hydroxide ion, obtained by multi¬ 
plying the alkali concentrations by the corresponding equivalent con¬ 
ductance ratios, as given by data from Noyes and Falk.' 

It wil| be observed that the value for the solubility in pure water does 
not fit on cither of the graphs. This sudden change of behavior of the 
oxide, when passing from a neutral solution to one slightly alkaline, can 
hardly be due to an experimental error; for Schick 1 and Hutett* have 
found values of the solubility in water that agree closely with that (33.4) 
1 Tma JouitttAt,, 34,444 («9ia) 

* Z. pkytii. Ckm., 41, t jj (1903) 
i IM. t SI, 4 «' 
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gives in Table I; their determinations leading to 23.8 and 23.0 miili- 
mols per liter, respectively. The most probable explanation of this 
sudden Change of solubility is that the oxide undergoes a dispersion into 
much finer particles when it is introduced into an alkaline solution. Red 
and yellow forms of the oxide are known ; but it is generally considered 



°-5 1.0 Jo 30 

Mols JsaOH or OH per liter 
Fig. J. 


that the only difference between them is that the latter is in a finer state 
of division. Cohen 1 has found that there is a difference of o hit, milU- 

HeO KOfV°ffV 0f th T ide afe madC il,l ° f "‘ t>ie form 

g + HgO, KOH. This is to be expected since finely divided substances 

^ Ve , ^ " S0 ' UbihtieS than Coarsc ’y crystalline ones. On the other 
hand, Schick 2 found that the two oxides lave wuinn 

mental error, the same solubility in water, but it denies probable Smt 
m the prolonged agitation with water during bis bimtaatL h ! 
substance was transformed into the red one r„* « h yd,ow 

verse of this process the chance / V Mwratay the u- 

to take place when the oxide is shaken w'fi ° yfcllf>w ' iias ix ' wl observed 
few hours. Evidently the f <* * 

even in very dilute alkali solution T hh n* „ d bstance ocean 
form might be expected to be more soluble tb^ ^ ^ f ' W!> dividcd 
SM. tie extension of t h , S '«* A»t i« 

gives the solubility j n pure wattr o{ J' , ° U, \ zero doubtless 

The * to ££^7*%^ 

tle’ltotS 1“*",™’.' “’ ,le “ 0,5 

“ * very « ak at.d ",“io T! "-»*»« Oxide 

*loc k & i ‘ Ckem 34, 69 (,9 °°h mcrease “ Nubility is pro- 
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portional to the first power of the hydroxide ion concentration, the equi¬ 
librium is doubtless represented by the following equation: 

Na+- + OH" + HgO(s) = Na + 4 - HHgO,- 
The equilibrium constant K of this reaction is evidently given by the 
expression K ~ (HHgOj-)/(OH~). Now the concentration of the 
anion HHgOj" at each concentration of sodium hydroxide is equal to the 
observed solubility s of mercuric oxide in the solution less its solubility 
Jo in water, multiplied by the degree of ionization y' of the sodium mer- 
curate; that is (HHgO»~) ■= (s — s^)y'. Owing to the slight solubility 
of the mercuric oxide the concentration of the sodium hydroxide is not 
appreciably affected by its presence, and the hydroxyl ion concentra¬ 
tion becomes cy, where c is the total concentration of the sodium hydroxide 
and y its ionization. The expression for the equilibrium constant then 
becomes K ** (s — s 0 )y'/cy. 

The values of this equilibrium constant are given in the last column 
of Table I. They were computed under the assumption that the ioniza¬ 
tions of the sodium mercuratc and sodium hydroxide in the presence of 
each other are equal (that y' =■ 7), and by using for the solubility in 
water s a the extrapolated value (0.0245) instead of the observed one. 

An estimate of the ionization constant of the mercuric acid H ’ HIIgO»“ 
nmy also l>e made. If the acid is represented by HA, the ionization- 
constant A' a •«* (H f j( A )/(IlA). Substituting for (II + ) its value from 
K„ - and for the ratio (A“» (Oil - ) the constant K just 

described, we obtain K k ~ h\K/(H.\). For the value of (HA) the 
(extrapolated) solubility of mercuric oxide may be used. Tliis expression 
involves the additional equilibrium, HgO 4 1 IjO = HjllgOj; but the 
equiltbriumc onstant of tliis hydration reaction is included in the ioniza¬ 
tion constant, as in the analogous cases of the ionization constants of 
ammonium hydroxide and carbonic acids. 

By substituting in this equation for K v the value 1 0.81 X io" u , for 
K the value 5.0 X io~* (the mean of the first 3 values given in Table I, 
and for (HA) the value 24.5 X io~’, we find for the ionization constant 
of the first hydrogen of mercuric acid (HjHgOj) the value 1.7 X io~ u . 

CawwuckiK, SUm. 

1 Lewis atul RandnU, Tuxs Jocknai., j6, 1979 (1914). 
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CARBON TETRACHLORIDE BY CHARCOAL . 1 

By Herbert S Harked. 
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This investigation has been pursued with the purpose, first, of obtaining 
reproducible results in the measurements of the velocity of adsorption of 
gases on a relatively gas-free solid surface, and, second, of determining the 
effect of the presence of a foreign gas on this velocity of adsorption. The 
method of weighing the gas adsorhed at selected time intervals of exposure 
of the surface to the gas has been employed throughout The advantage 
of this method lies in its directness and simpiicitv, but is limited to the 
cases where relatively large weights of gases are adsorbed. For this reason, 
the present investigation has been confined to the study of two gases of 
relatively high molecular weight on a solid which for unit weight, affords 
an exceedingly large surface. 


Hppaiaiub ana metnoa 01 Measurement. 

The apparatus employed was designed to accomplish 3 operations: 
(1) lo purify the liquid used as the source of gas bv - distillations in 
vacuum, accompanied by a special operati. >n which assured the efficient 
removal of all gases dissolved in the liquid, (a) to permit the heating of the 
charcoal to temperatures up to uoo c in a vacuum produced liy mercury 
vapoT pumps; (3) to permit exposures of the charcoals for definite and 
selected time intervals to the constant pressure of the gas. 

Fig. 1 shows a sketch of the essentia! part of the apparatus. The 
tubes A, B, and C were evacuated, and a dried sample of the liquid of 

PU ?J r ~ Cked ln thTOUgb a ^Hary tube at b, which was 
then sealed off The tubes A, B, C were again evacuated and the liquid 

f r A1 •»a by B »liquid S. 

7 Jts 22 r*** *»■ - e 

delicacy whether or not th-Wd ^ * 7™* ° f ,Ddicatkl 8 with great 
cup, which contains an im v Iwrt,0E JS 3 g!ass tu, », scaled on to the 

■ * z 2 «;■ b> ' u,e ■"» 

G. Keyes, D-rector of tie CbemicalVaXTsS 7 “^ estioB of U *F* Frederick 

■t was merely intended to deftrnune l, \ Svrn,x taU^atory in Paris. InJtWly 
moisture already adsorbed by chl^T .n tX!;£rmelu the influence of air and 
study has been continued and extend J !? 7h 77 °| “ dSOT1 ’ t:, ' n °> <*l«OPicrin. TJ» 
of the University of Pennsylvania ' ' J b ° Harr,son Laboratory of Chemiftry 

’ Foung, Ph,l jo , . 

4 i, 604 (, 9 r 9 ). e ’ 79 ^ f’Sio), sec also Keye, 


and Fdaiog, Ts® Journal, 
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upper part is a dosed gloss tube slightly less in diameter than the Inside 
diameter of B By means of a solenoid around the tube B, a can be 
raised and lowered at wilL When‘s the liquid is free from dissolved gas 
vapor entrapped in the inverted cup will quickly and completely condense 
under the hydrostatic pressure when the cup is lowered. A very small 
quantity of gas dissolved in the liquid will prevent this. By repeatedly 
stirring the liquid in B under suction it was completely freed from dis¬ 
solved air. C was then heated to 2§b° in a vacuum in order to remove 
any gases adsorbed on the glass wool contained in it until the pressure was 
reduced to io~* mm. of mercury, cooled to room temperature and immersed 



in an ice and salt mixture or liquid ammonia. Stopcocks 2 and 3 were 
closed, 1 was opened and a fraction of the liquid in B was distilled into 
C after which the stopcock 1 was again closed. The distillation was 
carried on slowly so that no liquid came into contact with the grease used 
to lubricate the stopcocks. The tubes containing the liquid were always 
maintained below room temperature so that only vapor could come in 
contact with the grease. By exercising sufficient care, it was found that 
a properly lubricated stopcock could be used for at least one month with¬ 
out further attention. The glass wool was put in C in order to afford 
a large liquid surface available for evaporation. 

Two types of weighing tubes containing the charcoal were employed, one 
made of Pyrex glass, the other of quarts, shown in Fig. t by D and B, re- 
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^Ktivdy. D is all Pyrex glass ground into soft glass at c. E is of 
quart*, ground into Pyrex at ft, which in turn is ground into soft giass 
St /. ft and 8(a) are Pyrex stopcocks. The inside diameter of these 
cocks at the narrowest point was 2 mm The charcoal was introduced 
through d or through h, respectively, and rested on the diaphrams 
/. d was sealed off. The tube e serves the purpose of introducing 
the gas from both sides of the charcoal The weighing tubes could be 
connected to suction (geared oil vacuum pump), to the mercury-vapor 
pump, to a MacLeod gage or to air, by operating Cocks 4, 5, 6, 7, and 8. 
The mercury-vapor pumps were made of Pyrex glass and were similar tn 
design to those described bv Kraus 1 For a time an oil pump which pro¬ 
duced an average vacuum of ooui mm of mercury was connected to a 
mercury-vapor pump, later, a Cenco-Nelson pump averaging 005 nun of 
mercury was connected to two mercurv \apor pumps of the proper de¬ 
sign in series. Both these svstems would give a pressure of o 01 bar. The 
tubes D and E were weighed against a suitable counterpoise They 
were heated by a small electric resistance furnace Dewar tubes eon. 
taining suitable liquids or ice mixtures were used to maintain 1) or K and C 
at the desired constant temperatures 


After the preliminary purification of the liquid, the tube C was immersed 
in a thermostat and maintained at constant tcnqxujture This will rive 
a constant pressure of vapor from the liquid The charcoalWs then heated 
m a vacuum for some hours and then Stopcock 8 or 8(a) was closed. The 
apparatus was then evacuated with the cocks 3. 5, 7 dosed until a vacuum 

HZ 

vms withdrawn and weighed, after Xcl th Tul * D * 

Correction was made for the volume of th* f,pefa [ ,0a was re P eated - 
to cc.). The principal source of errn • 1 We,Rhuig lut * (approximately 
the difficulty i time taken to tZ ih" 7 measurements "suits from 
this operation can be ^ "** P"*** 

When low pressures of gas are emnt ? ^ Wlthm * 0 '‘ of a 9eco »t cl 

slowly that this error becomes neghrible ' ads0r P tion tekcs P^ce 


so 
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(French canister charcoal of 14 to 16 mesh) which contained 6.0% non¬ 
volatile material. The Pyres glass weighing tube D (Fig. i) was used. 

(1) Wt of charcoal equalled 0.84a g. Heated to 350* for a hours in a high vacuum, 
cooled and maintained at 20° * »*. The tube C (Pig. 1) containing chloropicrin was 
kept in ice water contained in a Dewar bulb. By keeping the liquid reservoir at a 
temperature lower than the charcoal, distillation was avoided. Vapor pressure ot 
chloropicrin at 0 ° « 5.90 mm. of mercury, 

(2) Same charcoal, same weight as in (i). No air or moisture was permitted to 
come into contact with the charcoal between measurements (1) and (2) Reheated 
to 330 0 for 2 5 hours in a high vacuum.- Gain in weight of charcoal equalled io mg. 
Same temperature conditions during velocity measurements as in (i) 

(3) Same charcoal. Reheated to 350° tor 7 hours tn a high vacuum. No foreign 
gas admitted Gain in weight of charcoal equalled 1.5 mg Same temperature con¬ 
ditions as in (t) and (2) 

Table I contains the results of Series A. 

Table 1 

Chloropicrin. p — 3 90 nun. I — Time of Kxposure in Seconds K “ Wt. of Gaa 
adsorbed per g of Cliarcoal m Tunc t 



1 


2 


3 

1. 

K 

1 

K 

1 

K. 

1 6 

O 0030 

l 6 

O 0056 

J 3 

O 0091 

3 2 

0 0070 

3 8 

0 0082 

5 4 

O 0221 

3 7 

O OSl6 

5 1 

0 0159 

8 6 

O 0374 

9 I 

0 OJ+t 

7 4 

0 0334 

n s 

O Oj68 

14 4 

0 041S 

9 7 

0 0305 

34 3 

O O753 

25 I 

0 06 1 6 

15 O 

0 0479 

6600 0 

O 1854 

463 O 

0 1578 

33 4 

0 0738 





S03 O 

0 1406 




The t, K plots of these results are given in Fig. 2 

B. Since there was an increase in weight of the cliarcoal with each suc¬ 
cessive determination, it was decided to use much higher temperatures 
in the further investigations, in order to drive off any chloropicrin remaining 
on the surface. To this end a transparent quartz weighing Tube E (Fig. 
1) was employed. In the second place, since the non-volatile matter in 
the charcoal was so high, it was considerably reduced by a process of ex¬ 
traction. . 

(4) Another portion of tbe same sample of charcoal used In Series A was extracted 
In a Soxhlet extractor with constant boiling hydrochloric odd for 16 hours, then with 
water for 8 hours. It was finally heated in a muffle furnace for is minutes at 900°. 
The aab from two samples of this material was 1.0% and 1 3% respectively. 

Wt. of chArcoal used equalled to o $253 C This was heated in a high vacuum to 
700* for 2.5 hours, Charcoal it »o * i', chloropicrin at o* during the velocity 
measurement. 

(j) Another sample of charcoal extracted and ignited as In {4). 

Wt. charcoal used equalled 0.5146 g. This was heated to 7$o° for 4 boors. Char¬ 
coal at so*; ctdorupkrin at o* during the measur em en t . 

(< 5 ) Same charcoal as in (j). Reheated to 800* for 8 bouts fas a high vacuum. 
No foreim gas was permitted to come Into coo tact with the charcoal between *“■■■— 
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WEBt* (5) and (6), Gaia in weight of charcoal equalled 04 mg. Charcoal at 30 *> 
cMnropicrin at o' C. 

(?) Some charcoal as in (6) Reheated to 800' for 2 hours in a high vacuum. 
Charcoal unexposed to foreign gases between measurements (6) ant! (?). Charcoal 
at 20*, chloropicrin at o° 



0 1 < 6 8 JO 12 14 16 18 20 22 24 26 28 3032 34 36 18 40 42 44 H .» SO 
/ (tune in seconds) 


The results of Series B are given m Table JJ 


1 K 

*■# O 0138 

+•9 o 0340 

o 0 0671 

300 O 1284 

3 °-° 0 1666 

4 J 0 o 2300 

6s o 0 2560 

o o 2693 

*25 O o 2724 

tfisg.o o 2972 


Tabls 
Chloropicnr. p 
5 


/ 

K 

10 0 

O 0743 

21 0 

0 1345 

32 0 

0 1800 

44 0 

* 0 3168 

57 0 

0 2 J 43 

80 0 

0 2483 

137 0 

0 2702 

20 0 (tnm } 

0 3085 


II 

"= 5 90 mm 



ro o o 0001 
21 0 o 1JJO 
■3 J ° o jpdj 
+40 o 3340 

57 o o 2356 
5 ° o o 2820 
300 o o 3083 



10 0 0.0873 
no o *4*3 
5 »o o 1930 
44 o 0.2328 
57 o O 2jSo 
So o 0.2863 


**** i -»«rSc , |L’T f ™ - 

m a Dewar bulb This reduced ill f I,quid amnK ®» contained 
Prosunately o 61 mm of mercury fl{ ,/ V?*** to a “^tode of *p- 

6 the »**««« employed in 8eri*a 
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AandB. This value for the vapor pressure of chloropicrin at—33.3 0 was 
obtained by extrapolation from the plot of the log of the vapor pressure 
against i/T, where T is the absolute temperature, which is a straight fine 
for temperatures from 0-70 0 and is, therefore provisional 



(lime m seconds) 
Fig 3 


(8) The charcoal used in B {4), which has been extracted with hydrochloric add, 
was covered with a hydrofluoric add solution which was then evaporated to dry nos 
The charcoal was again extracted with hydrochloric add and water, and finally heated 
to 900* for 13 minutes in a muffle furnace. 

Wt. charcoal equalled 0.439+ g Heated to 700* ua a quart! weighing tube far 
j hours in a high vacuum Chloropicrin at 33 3*. charcoal at so* during the velocity 
measurement. Vapor pressure of chloropicrin equals o 61 mm. 

(9) Some sample of charcoal as in (8) Reheated to 700* in a high vacuum fa 
a boars. No foreign gas was permitted to reach charcoal between (8) and (9). Cha r 
coal at 10*. chloropicrin at 33 3* 

(10) Same charcoal as in (9). Reheated at 700* in high vacuum No foreign gaa 
Admitted. 

(t 1) Same charcoal as m (to). Heated m vacuum for 7 hours to 700*. then cooled 
to room temperature, then exposed to air at one atm. pressure for one minute, again 
heated for >/, hour at 700° in a vacuum, and again exposed to air for one minute. This 
process wax repeated 5 times After this rinsing out process, the charcoal was cooled 
to room t e m perature, exposed to air for one minute, and then evacuated at room tem¬ 
perature for to minutes. 

The results of Series C are contained in Table III. 

Them results are plotted in Fig. 4 along with a result obtained 00 the 
sample used in B (4) And denoted (a). 
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Chloropicrin. # 


Table III- 
t 0.61 Mm t > s 


Given in Minute*. 

10 


t 

5.0 
10 o 
IS o 

30.0 

25 O 
35 0 
45 o 
55 o 
65 o 
85 o 
1050 
135 o 


K 

o 0002 
O 0012 
0 0037 
o 0051 
o 0077 
0 0149 
o 0237 
o 0347 
0 0470 
o 0640 
o 0771 
o 0941 


I 

5 o 
10 o 

15 o 

20 O 
30 o 
40 o 
50 o 
70 o 


K 

f 

R 

l 

0 0532 

5 0 

O 037! 

5 0 

0 0948 

*0 0 

0 1034 

so 0 

0 1250 

15 0 

0 I 3 &S 

15 0 

0 1574 

20 0 

0 1683 

25 0 

O 1972 

SO f 

0 2089 

40 0 

O 2265 

40 0 

0 2329 

60 0 

0 2430 

50 «> 

0 2351 

80 0 

O 2610 

60 0 

0 2378 

100 0 


90 0 

0 2468 



120 0 

0 2^41 



K. 

0,0036 

0.0054 
o 0065 
0.0107 
o 0193 
o 0234 
o 035 ® 
0.0431 



P‘g- 4 

H. Carbon Tetrachloride Adsorption. 

In the following 3 series of measurements, the charcoal was <«rpn«** 
to the vapors of carbon tetrachloride maintained a t a pressure of 32.8 
mm. and 18 8 mm. uf mercury, 

D. (1) The charcoal used m this experiment was a sample of wood char¬ 
coal (French 14 16 mesh) which had been extracted with constant boiling 

Sr' watw and thcn ^ 10 *» « 5 »<• ®« 

Chil^^cS'tetraehtoride 4 ^ ** ln “ Ugh WW “”' 

of carbon tetrachlor.de at o' » 32 R nm (£"* The vapor fM*** 

3J8tnm (Reference, I^doUu B6ro*t«ri TobeD** 1 
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VSLOCRY op adsorption op chloropicrin, etc, 

(a) Samc'Sharcoal as in £><i). Reheated in vacuum to 750° for 2.5 hours. There 
was a gain in weight of 0.0109 #■ No foreign gases came in contact with charcoal be¬ 
tween measurements D (t) and (3). Charcoal at 20®, carbon tetrachloride at o®. 

(3) Same charcoal as in D (2), Exhausted for •/* hour at 30". Then reheated 
in a high vacuum for 8 hours at 750°. Then again reheated for 1.5 hours to Soo 0, 
in a high vacuum. The pressure over the charcoal with the pumps on the line equalled 
4 X >t>~* mm. of mercury. There ro a gain in weight of the charcoal oi 0.0313 K 
over D (a) Charcoal was maintained at 20", carbon tetrachloride at o®. 

(4) Some charcoal as in D (3) was heated for 4 hours to Soo® in a high vacuum. 
Exposed to air at atmospheric pressure for 10 minutes. Reheated for ’/> hour to 800® 
in a high vacuum. Cooled to 30°. e«poscd to air for one minute at atmospheric presume 
Gain in weight of charcoal over D (3) equalled 0.0037 g. Charcoal at 20°, carbon tetra¬ 
chloride at o“. 

The results of Series 1 ) are given in Table IV. 

Table IV. 

Carbon Tetrachloride, p «* 32 8 Mm. ( ** Time of Exposure in Seconds. 

». 7 . 3. « 


1 

K 

l 

K 

i 

K 

/ 

K 

5 0 

O.Qf&J 

.5 0 

0 0211 

10 0 

O 0280 

20 O 

O 0165 

14-5 

0.0341 

J 5 0 

0 0318 

33 * 

O 086.) 

50.0 

0 0405 

35 0 

0.0499 

35 0 

0 0413 

67 2 

0 1607 

80.O 

0.0700 

100.0 

O 0717 

100 0 

0 0536 

74 » 

O 196J 

1 IO O 

0 0993 

300 O 

0.0814 

180 0 

0 0631 

100 O 

0 ron 

ISO 0 

0.1247 

300.0 

O.0881 

420 0 

0 084s 

240 0 

O 70 J 4 

230 0 

O 1389 

6(10 O 

0 1029 

1030 0 

O !»2J 



470 0 

O.14S8 

1200.0 

0. 1209 

3420 0 

O.I438 






The plots of these results are shown in Fig. 5. 



«ft?888g;55ggg3£SS£U§$i$3 


Time in seconds. 

Fig. 5- 

Another series of results with a fresh sample ctf charcoal was marie t»«W 
similar conditions to Series D but no <rr ~*‘— 
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M the above table was obtained. Because of this discordancy and be¬ 
cause of the fact that even after prolonged heating of the charcoal, constant 
Weight was not obtained, it was decided to increase the preliminary heat¬ 
ing of the charcoal to above 1000° 

E. (5) A fresh sample of charcoal, which had been extracted and treated 
in an identical manner as that employed in Series D was used 

Non-volatile matter equalled o 9% Heated in a high vacuum to 1040-1060“ 
for 6. J hours Pressure in the system above the chan o a l was finally reduced to 5 X 10 * 
mm of mercury with the pumps on Wt charcoal equalled o 5391 g Charcoal at 
20°, carbon tetrachloride at 0“ 

(6) Same charcoal as in E (5I Reheated to 1060-1080* for 16 hours The 
pressure above the charcoal was reduced to 8 X 10 4 mm with the pumps on Gam 
in weight of charcoal cqu died to o 0153 g or 2S mg per g of charcoal Charcoal at 
20“, carbon tetrichloride at o° 

(7) Same charcoal as in E (6) Reheated to 1100“ for 4 hours Pressure above 
charcoal was reduced to 5 X io~“ mm Gam in weight of charcoal equalled ooioo g 
or 19 mg per g of charcoal Charcoal at 20“ carbon tetrachloride at o° 


The results of Series E arc given in Table \ 


Table V 

Carbon Tetrachloride p - 32 8 Mm I 

5 , 


fmit ul l vpoMire in Second-. 


1 A 


(0 

0 

0 

0966 

21 

0 

0 

1183 

43 

0 

0 

1704 

78 

0 

0 

l 949 

136 

0 

0 

2135 

235 

0 

0 

2239 

500 

0 

0 

2337 


t 

K 

5 0 

0 0872 

10 0 

0 I4U 

21 0 

0 185S 

42 0 

0 204* 

bo 0 

0 2060 

250 0 

0 2075 

IOOO 0 

O 20.S„ 


A 


■> O 

0 080 5 

IO O 

0 1284 

2 1 O 

0 1637 

40 C 

0 1816 

80 O 

0 1872 

IOIX 0 

0 1878 


The plots of these results are shown m lug o 
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F. In this series of results the gas pressure was reduced to 18.8 mm. 
by immersing the tube containing carbon tetrachloride in a salt-ice mixture 
contained in a Dewax bulb. 

(8) Fresh sample of charcoal similarly treated to that used in E Heated to 
r 060-1080° for 7 hours in a high vacuum Cooled to room temperature in vacuum, 
then exposed to carbon tetrachloride (33 8 mm ) for 2 minutes Reheated for 6 hours 
to 1060-1080' to high vacuum Charcoal at 20'. carbon tetrachloride at —10'. 

(9) Same samples of charcoal as in F (8) Reheated to 10S0-1100' for 3 3 hours 
in high vacuum Gain in weight of charcoal equalled 14 mg per g charcoal. Char¬ 
coal at 20*, carbon tetrachloride at —to' 

The results of Series F are given in Table VI. 

Tabus VI 

Carbon Tetrachloride p - 1S 8 Mm 
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Discussion of Results. 

Hi* Initial Lag. —From measurements of the velocity of ad- 
BORjtion of various canister charcoals containing air, moisture, oxides of 
tj&rtson and other gases, by passing a war-gas and air mixture over then, 
“Keyes and Finklestein (A E F reports) found that the plot of log K 
against i jt was a straight line, where K is the amount of war-gas in grans 
per g. of charcoal adsorbed in a time, i Analytically, this expression 
becomes 

K = Ae~ B ' or log K - log .4 — H t (t) 

where A and B are constants .4 is the number ot g adsorlied per g. of 
charcoal when t is infinity, or the capacity constant, B is the rate constant. 
By differentiating (r), the equation, 

dK = AB,'t l 
dt e R ‘ 


for the rate of adsorption is obtained '1 his equation has one interesting 
peculiarity At first, the rate is slow, then it increases to u maximum, 
and finally decreases until equilibrium is reached When t = B '2, dK/dt 
is a maximum 

KK, i plot usmg Equation 1 is shown bj the dotted line in Fig. 2 where 
A - 120 (mg.), B = 7> t is in seconds and A'm mg. This equation is 
purely empirical, and furthermore, the lag predicted by it had not been 
proved or disproved by direct experiment pnor to the present work be¬ 
cause the experimental method used by Keyes and Finklestein did not 
penmt measurements to be made for small enough values of t 

JJlllT'r? 31 t0 r biS ^ experimentally many 

tunes in this investigation. Curves A 1, A-2 A-i CS C oLn* 

and D-8 are good examples, but do not however fit the * 5* 

It should be observed, however that m the “ ^ aboVC C 'i uation ' 
the charcoal has been Mh ftC,R ® rt ®» ts »** Presented 

adsorbed air by a preliminary'heatbgb “ " COflS,derable P"** <* «*» 
surface probably uncovered considerablv acUtt “ a " d the ^coal 
Finklestein work charcoals completed ft 777 " ‘ * C Keyes 

‘moisture were employed. The hehw' ^ “T* 1 ** 1 W,U| iUr °r air and 
be due to the presence of foreign gase.fon'th U,f/l, S ht 10 

and throughout the experiment n ^ 31 the 

dunng their displacement ’ 0n5,deraWe *“» delay being caused 
2. The Effects of Foreign Gases mi, 

7 1 t0 . as Wgh a temperature ° f htati H the char- 

Ployed m a high vacuum was well calaikTTf 51 ^ in U ' 1 ' tt PP arBt “» em- 

gases and eliminate this lag Th , rp d , t0 rcniovc of the foreign 

« *>» by othe, iJw T? '• «■• » hJeS 

°° m a vacu um will not suffix’tf !“ np,y heatin K chamwl op 

* tD produ ^ an absolutely gas-free 
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surface. For example, Chaney 1 reports that a hydrocarbon resembling 
anthracene, the boiling point of which is 360°, has been isolated from a 
cedar charcoal which had been previously calcined to 850°. However, 
relatively free surfaces may be obtained this way. In no case yet observed 
were anything like reproducible velocity results obtained until the char¬ 
coal had been heated to over 700'’ in a vacuum, cooled in a vacuum, ex¬ 
posed to the gas until considerable quantities were adsorbed, and then 
again reheated to above 700° in a high vacuum This process of "washing 
out" the charcoal with the gas whose adsorption velocity was being meas¬ 
ured seemed to tie necessary under the temperature conditions employed 
before reproducibility could be obtained. The presence on the surface 
of molecules of the gas whose velocity of adsorption is being determined, 
and this gas alone, will not affect the form of the plots. In order to 
bring out more clearly the significance of the adsorption behavior, it will 
tie necessary to consider each of the senes of results obtained 

Scries .4, Fig 2 —These curves show the successive effect of "washing 
out" and heating in vacuum to 350°. Curve 1 has a decided lag. Curve 
2 less, Curve 3 still less but reaching a maximum rate only after the ex¬ 
piration of 7 minutes. These curves lie somewhere between those obtained 
by the equation of Keyes and Finklestein for completely air saturated 
charcoal of the same kind and the curves which will be obtained after a 
more effective removal of foreign gases from the surfaces. No regularity 
in the experimental results was observed at values of t above 30 seconds 
(results not tabulated), and even after exposures of 1 ro minutes, the full 
capacity of the charcoal was by no means obtained. These curves are 
valuable for illustrating the gradual elimination of the lag by successive 
heating and washing out of foreign molecules. 

Senes B, Fig J.~ In these results, the more effective cleansing of the 
surface at higher temperatures (700 0 as compared to 350°) is to be observed. 
Curve 4 (obtained in Paris) was the first obtained iu which the initial lag 
was entirely eliminated. Tire maximum rate occurs at the very' beginning 
of the process. Curves 5, 6 and 7 give the history of a charcoal which was 
reheated and "washed out” twice. Curves 6 and 7 are regarded as re¬ 
producible because they are easily rectified by a ample equation. In 
Fig. H, log A/A — A' is plotted against t, where K the amount adsorbed 
in time t and A is the amount adsorbed when t is infinite or the capacity 
factor. The plot is a straight line, B-6 and -7. 

In addition, no faster adsorption was caused by further repetition of 
the above successive heating and pumping treatment. Curve 5 repre¬ 
sents a slower adsorption, because it has only been heated and not "washed 
out” with chloropicrin. It is very interesting at this juncture to compare 
the rapidity with which the total capacity is reached in Experiments B-4, 
* Tnnu. Am, EUarockem, See., Paper 13, Sept. 36, 1919. 
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to* and those described in Series A. In Series B, the charcoal was filled 
inLactkally no seconds, in Series A 3 only 0.1854* “ 

corresponding to only 60% of the capaaty m V • of the rime 
Series C Fir 4 — In these measurements, a pressure of 0.61 mm. of 
chioropicrin was employed. This pressure. 10 times less than that em¬ 
ployed above, was used to magnify any effect due to foreign gases on the 
Lface. Curve a has been introduced solely for the purpose of showing 
the initial lag It is best to observe Plots 8, ». 10 and n in order, which 
give the history of one sample of charcoal. Curve 8 is extremely slow; 
there is no doubt from this of the existence of the initial lag The maxi¬ 
mum rate occurs in about 60 minutes from the start When this charcoal 
was rinsed out with chioropicrin by reheating in a high vacuum, Curve 9 
was obtained. In the first 5 minutes, the charcoal had taken up 250 


times the quantity of gas; in the first 10 minutes, 90 times the quantity 
and so forth. This shows the great efficiency of the “washing out" process. 1 
Furthermore, Plot 9 is rectified by the same equation which rectified 
Series B, 6 and 7. The plots of log A 'A — K against t are given in Fig. 
9. The same is true of Curve 10 which varies only slightly from 9; with 
the exception of a sharp break occurring when i equals 40, which was prob¬ 
ably caused by a slight inrush of air into the apparatus As further proof 
that these abnormal effects arc due to the presence of foreign gases, the 
charcoal used in Expt. jo was rinsed out as described and some air was 
allowed to remain on the surface. The original slow process was nearly 
reproduced. The amount of foreign gases necessary to cause this re¬ 
markable change cannot be given. The charcoal was o 0002 g. heavier 
in Expt. 11 than in 10. However, repeated heating in the presence 
of air must have caused the burning off of some of the charcoal.* Further 
investigations of these phenomena will be made 


At this point it may be said that whenever the curves can be closely 
reproduced as with B-6 and -7, C-9 and -10, they all conform to the same 
equation. All other curves which do not fit the form of this equation 
vary in a most erratic manner as illustrated by Curves a, 8 and 11 (Fig 4) 
and D-i, -2, -3 and -4 (Fig. 5). 

Serm D,Fig. 5.—'These results were obtained with carbon tetrachloride 
a a pressure of 32.8 mm of mercury. Curve 1 shows results obtained 

r^atinf thC o Cha T' al tn 7 5 °° 10 a Curve 3. after a find 

Un ? to 750 and nnsin K ™th carbon tetrachloride; and Curve 3 

is -Mb' up *S° Hoe * hh a ***** whkb 
the sponge is washed out a number of Um„"^e ^ ** 

in studyin^tbe vel^ty^of^^^cUonhelwltn 1 ^^' *“* ° bsenre<1 a ® a ‘ a * r b ehsvi or 
inuin foil. In the latter instance erratir ,1 °* yge ' 1 ami carbon monoxide on ptaf 

00 f0reign gas P^ent in sufficient 

M w ,0r0i » Clra one molecule thick. 
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after a second reheating to 750° in a vacuum and a second rinsing. The 
effects of the presence of foreign gases on the surface were very noticeable. 
Although Curve 3 shows a large increase in velocity over t and 2, it does 
not conform to the form of curve found for B-6 and -7, C-9 and -10. The 
experiments in 4 were carried out in the presence of air and exhibit a lag. 
.Another series of 5 results, not included in the data, was carried out in the 
same manner, and the results were as discordant and as unpredictable as 
the above. Even after a continued exhaustion at 750°. a considerable 
gain in weight of charcoal was observed. 

Series E, Fig. < 5 .—The exhaustion of the charcoal in the 3 experiments 
in this series was carried out at from 1050-1100°. This made a notable 
difference in reaction velocity. Curve 5 was obtained after the first heating, 
6 after reheating and rinsing out with the gas, and 7 after a second re¬ 
heating and rinsing out process. Curves 6 and 7 are identical in form 
and are rectified by the same equations as B-6 and -7, C-9 and -10. The 
plots of log A/A — K against t are given in Fig. 8. There is a difference, 
however, in final capacities between E -5, -6 and -7 which corresponds closely 
to the gain in weight of the charcoal between the measurements. Even 
a continuous exhaustion for 16 hours at 1060-1100 0 failed to reduce the 
weight of the charcoal to the original weight. In fact, between Expts. 
5 and 6, the charcoal had gained 28 mg. per g. The decrease in final 
capacity between Expts. 5 and 6 was 25 mg. per g. Again, the gain in 
weight of charcoal between Expts. 6 and 7 was 19 mg. per g. The de¬ 
crease in final capacity was 21 mg. per g. This is proof that a consider¬ 
able quantity of carbon tetrachloride is held by the surface at tempera¬ 
tures from 1060 to 1100° Others have reported that hydrocarbons are 
field by charcoal at these temperatures. 1 

Senes F, Fig. 7 .—What has been said of Expts. E 6 and -7 may be said 
of F-8 and -9. The only difference in behavior is due to the fact that the 
gas pressure has been lowered from 32.8 mm. to 18.8 mm. The {dots 
of log A/A — K against t arc also given in Fig. 8. 

General Considerations. 

Langmuir’ has developed a general theory of adsorption of gases on solids. 
From consideration of the unsymmetrical arrangement of the atoms of 
the surface of a solid, it is assumed that they are “unsaturated chemically 
and thus are surrounded by an intense field of force." Further, "when 
gas molecules impinge against any solid or liquid surface they do not, 
in general, rebound elastically, but condense on the surface, being held 
there by the field of force (residual valence) of the surface atoms. These 
molecules may subsequently evaporate from the surface. The length 
of time that elapses between the condensation of a molecule and its subse- 

* Chaney, fee. cii. 

* Thm Journal, 40, ij6» (1918). 
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i&eintevanpration depends on the intensity of the surface forces. Ad **P- 
tioc is the direct result of this time lag If the surface forces are refa- 
ikv&v intense, evaporation will take place at only a negligible rate, so that 
the surface of the solid becomes completely covered with a layer o raol- 
«des. In cases of true adsorption this layer will usually lie not more than 
one molecule deep, for as soon as the surface becomes covered by a single 
layer the surface forces become chemically saturated Where, on the 
other hand, the surface forces arc weak the e\ apor.itioti may occur so soon 
after condensation that only a small fraction of the surface becomes coated 
with a single laver of adsorbed molecules In agreement with the chemical 
nature of the surface forces, the rune or these forces has been found to 
be extremely small, of the order of 10 8 em Tint is, the effective range 
of the forces is less than the diameter ol a molecule 
Case I,—In the present investigation tile pressure of the gases has 
been kept sufficiently low to elimm ite am i -ipillan eff( ots,” so that the 
phenomena are cases of true adsorption In accordance with the above 
scheme, let it be assumed that we have to do with a film one molecule 
thick Let it also be assumed that the r itio of the numlxir of molecules 
condensing on unit surface in unit time to the number evaporating from 
the surface is a constant throughout the process Hirthernn>re, let it be 
assumed that all molecules of the gas w Inch impinge cm the layer of mole¬ 
cules already on the surface, retiound and do not condense With such 
conditions, the velocity will then bt proportional to the bare surface, which, 
expressed in the quantities measured, becomes 

A i, or m = - h; -- (3) 

I A - A 

where A is the total weight capacitv per g of charcoal K is the weight 
absorbed per g of charcoal m time t, and »i is a constant Langmuir's 
Equation 1 15 which takes mto consideration the factors of surface, con¬ 
densation and evaporation involved is 
A' 


dK , A 

It = 


-t/i(t + — n) = y in - 

"0 ft t 0, 


«> 


O' 


where IV, represents the number of the elementary spaces per sq. cm- of 
surface, Af is Avogadro’s numlier, a the fraction of the number of mofe- 

T ° n thC Surface ' " 1S the of gram molecules 

the L wS g T S< ! Cn, , surface Second ' z > * the rate at which 
TT" 1 " ^ WrC “-P^y covered, ft is the 

in a tune t t ec t mhbriu ® the fraction covered 

to m in Formula 3 and shtlld beT^ T SorCg ° m X et i uation corresponds 
temperature 3 constant at constant gas pressure and 

equation, i/t i Qg J/ h _ “ Langmulr s paper gives th e right-hand member *f this 
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Cue 3.—Assume that the force of attraction between the surface 
and the molecules is active through a distance greater than one molecule 
thick, and that a fraction of a second layer is adsorbed. Second, let it 
be assumed that the ratio of the number erf molecules condensing on the 
first layer to the number evaporating from the first layer is a constant. 
This will produce a second reaction of the first layer and proceeding with 
a different velocity Such a condition is expressed by the equations 

dx/dt - »l;(d — x) I , 

dy/dt - m<xF - y) »' W 

where x is the amount on first layer in time t, a is the amount on first 
layer when f is infinite, jh< is the constant of the first reaction, y is the 
amount on second layer m time t, >n~ is the constant of the second reaction, 
and !■ is a coefficient such that aF equals the amount on the second layer 
when / is infinite. Furthermore, 1 ri ~ K and a 4 - aF = A, the capacity 
factor. The solution of these equations give 

(, + ,)- a + *F + ( 5 ) 

L »h — m t J 

The form of the (x + >), t plot of tins equation will lie the same as the K, 
t plots of Equation 3 when f equals unity and tn> equals w* Tliese con* 
ditions appear improbable, however, since a fast anil a slow reaction is 
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igta expected owing to the variation of the surface forces due to tbesuc- 
' ossive layers. The form of the (* + y) against * pl<* of Equation 5 
will approach the form of the K, t plot of Equation 3 when F is small com¬ 
pared to unity and hence tH\ has many times the value of To test 
these later conditions, accurate results must be obtained, especially near 
the end of the reaction. 

Final Considerations. 

To summari ze one aspect of the results obtained m this investigation, 
it may be said that in all cases discordant and unreproducible values were 
always obtained except when the reaction was proceeding at the maximum 
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velocity obtainable under a given set of temperature and pressure condi¬ 
tions. When the maximum velocity was obtained, the reaction proceeded 

accor mg o Equation 1 as shown by the figures m Table VII, and the 
plots m Figs. 8 and 9. 


CQjNO* 

B 6 p 

"59 mm 

t (sec*) 

K 

m X IOt 

10 

0 0901 

I 49 

21 

0 1520 

' 39 

32 

0 1963 

> 30 

44 

0 2340 

1 39 

57 

C 2556 

1 3 ) 

80 

0 2820 

1 33 

500 

A 

0 3083 

0 3100 


Mean, 1 3 s 


CCUNOi 11 r 


j 

K. 

mX 10 *. 

IO 

0 0875 

1 44 

2 I 

0 >473 

* 33 

32 

0 1930 

1.32 

44 

<> 3,328 

» 37 

57 

0 2580 

1.36 

80 

O.2863 

1.40 

A 

0 3100 

.... 


Mean, 1. $j 


Tab us VII. 
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Tabui VII (continued). 


C CUNOi 

C V l 

» 0 6J mm 


LCUNOi 

c 10 

*{*ecs ) 

- £~ ~ 

m X 10 * 

i (mec* ) 

K 

m X 10 *. 

300 0 

O 0532 

3 00 

300 0 

O 057! 

A 37 

(kx> 0 

O 094S 

3 00 

600 0 

O IO34 

3 33 

900 o 

0 1230 

.• »r 

900 0 

O 1385 

3 30 

1300 O 

0 1 374 

2 9* 

1200 a 

O 1683 

3 33 

1 Boo 0 

0 >972 

2 90 

1800 0 

O 2089 

3 J9 

2400 0 

0 2263 

3 «i 

2400 a 

O 2329 

3 *4 

3000 0 

0 243d 

3 94 

A 

0 j8oo 


4200 0 

O 258s 

2 Os 




A 

O 2iU«. 






Menu, 1 9« Mean, 3 29 


< <- u 

1 < j> « 1 * H imit 


C «. lc I! 7 


■ »Vi M ) 

h mX lOt 

’ 'Kt-i 

K 

* X to* 

S 

0 0^72 4 71 

5 

0 0803 

4 88 

to 

O 141 l 4 94 

IO 

0 1284 

5 03 

2 l 

*> 1KS« 4 74 

2 l 

0 1637 

4 3» 

A 3 

■ » J04I 4 I«* 

40 

0 1826 

4 07* 

\ 

0 j oK<> 

A 

IJ 1870 



Mean, 4 Si 


Mean, 4 74 

11 i. 

F h ;• * Ml mat 


ui, ri 


f lW*< J 

h m ^ 10* 

i •area 

K 

«i X H» 

<> 

0 o$8jl 2 97 

S 

» <>495 

2 61 

IO 

O <»94l 2 Jfi 

»c> 

0 (>892 

2 76 

21 

0 1460 : 72 

2 t 

0 1400 

J 78 


0 1782 2 90 

33 

0 16H3 

2 87 

A 

O 2000 

A 

t> 1S90 



Muu, 2 84 


Mean, 3 75 


* Value:. determined near the cud of the reaction ate subject to considerable varia¬ 
tion from Vlw; general wean These values will l* neglected in computing a mean value. 

Referring now to plots in Ftps. 8 and 9, it is stmt that at pressures 
of 0.61 nun and 5 yo nun of cbloropicrin, the log A A K), t plots are 
straight lines, thus conforming to Equation .1 * F-8 and -y conform to the 
same equation up to very nearly tlie final capacity and then fall off in 
accordance with tlie slow secondary reaction of Equation 5. This is true 
to a greater extent with the results U 6 and 7 at a gas pressure of 33.8 
mm. of carbon tetrachloride, as shown by the dotted line in Fig. 8 which 
is drawn through the points obtained. Although this deviation is not due 
to experimental error, sufficient data near the end-point have not been 

‘ Other* have pointed out that this reaction was prolnbly raonornokcutai. Valen- 
tawr (Beitt Ann f'kysik . 40, 4 »v («9itd) La tub and Fmklesteiii wwt the first to 
study these adsorption velocities in the Chemical Warfare Service **■ 

that the reaction followed closely lb* «***-’ 
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obtained to decide the matter. For the present, the slopes of the straight 
lines will be taken as the values of m. This may be regarded as an approxi¬ 
mation and thus far all the above velocity data are, in general, in agree¬ 
ment with Langmuir's theory. 

However, if only very minute quantities of gases retard the velocity of 
adsorption to the extent observed in this investigation, the above theory 
will have to be modified or further assumptions added. A further inves¬ 
tigation of the quantity of foreign gas necessary to cause such lags is of 
great importance and is a tout to be undertaken. 

The Pressure Effect. 

(r) On Velocity. —Langmuir 1 has employed the formula 


P = 


W 


yJirMKT 

for calculating the rate of bombardment of the gas molecules on a solid 
surface, p. is the number of gram molecules striking unit surface per 
second, m the molecular weight, T the absolute temperature, p the pres¬ 
sure, and R the gas constant in ergs per degree. Thus, for an ideal gas 
the rate of bombardment is proportional to the pressure. ** 

Langmuir’s equations give, where »« is the constant of Equation 3 

m ~ ~ m)> 

A », 

an expression which, combined with (6) will make m a linear function erf 
the pressure. A sufficient number of reliable results h a v e not vet been 
« to Ml .hi, relation . d , q » Wy . Tt e , 

r '™ 1 ' “ “ >8 8 31.8 mm., Wm 

that at these high pressures the velocity constant m is directly 
tonal to the pressure. The result on the other hand is X 
for chloropicnn since the pressure decrease from < a ^ 

a io-fold decrease, causes a 42-fold decrease mm ° °' 61 H™' 0f 

(2) On Capacity. Langmuir’s Equation 9 giv es 

abp 


? = 


1 -\- ap 


» , 1 
or the relation between g, the total capacity and « th 
a and b are constants. This agrees with' thn 1 * preWure ***** 

dence obtained by Langmuir on the 0 h ^ 4mount evl- 

pressures ( 2 to too bm)^, glass and Vari °*“ *»** *t low 

gives u glass and mica. Differentiate of the above 


dq_ 

dp 


ab 


o, for p 


*8 SO 


_ ,, * 0 + apy 

ence dq/dp becomes smaller as * • 

1 Pty. Ra„ a, no,,!. r„.„leases- At higher pressures 
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tie capacity should vary little with the pressure. This conclusion is 
confirmed by the result with chloropicrin reported in this investigation. 
The capacity per g. of charcoal was 0.2800 g. at a pressure of approximately 
j X io* bars and 0.3100 g. at 5 X ro 4 bars, an increase of only 10% in 
capacity with a 10-fold increase in pressure. The present data are, there¬ 
fore, qualitatively in accordance with the one layer theory as regards the 
capacity. 

The author wishes to express his appreciation to Professor Frederick 
G. Keyes of the Massachusetts Institute of Technology for criticisms 
and suggestions in connection with this work. 

PatuuscvaiA, Pa. 


(Conyribvtion roox thb Laboratory or Physical Chemistry, Princeton Uni¬ 
versity. 1 

SOME PROPERTIES OF CHARCOALS. 

By H. E. Cuds and G. A. Hdlett 

Received December 18, 1919 

In a study of the moisture and gas content of various types of charcoals 
used in gas warfare we incidently determined the densities of these char¬ 
coals. 1 It soon developed that it was by no means an easy matter to de¬ 
termine the true density of a charcoal for we soon discovered that there 
was a “drift" or increase in weight when it was immersed in a liquid. This 
drift decreased with time but was noticeable after weeks, and in some cases 
it was detectable after months. Furthermore, its magnitude was such 
that the first suggested explanations proved quite inadequate. 

In determining the moisture and gas content of the activated chars, 
5 to 10 cc. of the material was inclosed in a thin-walled glass tube with a 
capillary outlet, and the moisture and gases pumped out and determined. 
The charcoal was finally heated to 445 0 (sulfur b. p.), and the system was 
thoroughly out-gassed and the capillary sealed off. After the tube and 
charcoal were weighed, the capillary was broken under the liquid, a fine 
platinum suspension wire was attached to the tube, which was then im¬ 
mersed in the liquid and the whole was thereupon weighed. Finally the 
glass tube was weighed in air and also in the liquid, 90 that many correc¬ 
tions were eliminated in the density calculations. Temperature effects 
due to Wetting the charcoal were found to disappear in some 10 to 15 
minutes and weighings were then made at intervals. The weighings 
were made in a constant-temperature room, but the temperature of the 
liquid was also carefully followed. It was found that the weight increased 
markedly at first, then fell off with time. The following table will give an 
idea of the observations: 

t War C«s InvMtifattooa, G. A. Hulett. C. W. S., Reports, September-December, 

I«l8. 



H. B. CUDS AND G. A. HULSTT. 


Table I. 



Weight of system 
in water 

Increas* m Wt 

Volume change 

Toot 

G 

G 

cu mm per g 

O. ■ . 

.. 3 Sto 



S min 

... 3 566o 

0 006 

2 9 

IS min.. 

3 5732 

O 013 

4 a 

l hour 

.. 3 3S54 

O 0253 

8 r 

2 hours, 

3 5963 

O 0361 

it 7 

9 hours 

3 6130 

0 051 

17 1 

19 hours 

3 6177 

O 0577 

18 9 

2 days 

3 6234 

O 0634 

20 4 

5 days 

3 6285 

O 0685 

22 1 

1 1 days . 

3 6313 

0 0713 

23 0 

16 days 

3 63'5 

0 0711; 

23 c* 


The final density of this charcoal was > .850 By removing the external 
water from the pieces of charcoal, the weight less the mass of the char¬ 
coal gave the water in the capillaries, and the volume of these capillaries 
was found to be 0.42 cc. per g. In the case considered the "drift” was 



5.5'of the capillary vol¬ 
ume, other liquids have 
shown a drift of as much as 
!5 r , with this charcoal. 

The charcoals were 
pumped out with a large 
Tocplcr pump arranged for 
drying with phosphorus pen- 
toxide (Fig 1) This pump 
collected the gases and also 
s er\ed as a MacLeod gage. 
The bulb held 1250 cc. and 
the fall tube was calibrated. 
It was possible to measure 
as little as o 006 cc. under 
a pressure of 2 mm. in the 
upper part of this tube be¬ 
fore it was run out. We 
thus knew the vacuum at¬ 
tained at any time. Most 
of the tubes were pumped 
out and sealed off at 445 °, 
some at 218°, in the ap¬ 
paratus represented by Kg. 

2 ‘ >n connection with the 
determination of the rads- 
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these charcoals. Some tubes were connected directly to the pump with 
good phosphorus pentoxide drying tubes and pumped out while being 
heated to 5*0® in an electric heater. Also some of the samples were put 
into quartz tubes heated 
to io2o°, thoroughly 
out gassed at this tem¬ 
perature, and sealed off ; 
but there was no notice¬ 
able difference in the 
drift with these differ¬ 
ent treatments. Above 
20Q a the absorbed gases 
and vapors were readily 
pumped off from the 
charcoals, but a trace of c 
gas (mostly carbon diox¬ 
ide and monoxide) was 
given off, slowly for an 
hour or so before there 
was a decrease where¬ 
upon the char was soon 
pumped down to very 
low pressures. When a 
char was satisfactorily 
out-gassed at any tem¬ 
perature it was found 
that increasing tire tem¬ 
perature yielded more 
gas. Some work on an¬ 
other phase of the char¬ 
coal problem, which we Hope soon to publish, will give an explanation 
of this generally observed phenomenon. For the present we satis¬ 
fied ourselves that there is no residual gas in our charcoals when opened 
under the liquids. 

Fip. 1 and 2 will give the necessary details of the apparatus used in 
these experiments. The insert tube A (Fig. 2) was kept filled with solid 
carbon dioxide (—-78°) so that any water froze immediately and was 
lata 1 removed and weighed in a special container. In order to manipulate 
the rods which carried the electrically heated wire, a rubber stopper 
was necessary. This stopper was sealed with marine glue into a 
ground glass collar B (Fig. a) and was perfectly tight. 

We have taken care to select well defined liquids and purify them, 
90 ax to avoid liquid mixtures or solutions which —*'• 



Fig. 2. 
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absorption of the heavier constituents and increase erf * 

We also paid particular 

liquids. This difficult 
jj problem was handled as 

. JL^J\ follows: The liquid to 

m bemused was put into the 

i -l L- l I — glass bottle (Fig. 3), this 

_ bottle and liquid placed 

in the vacuum cylinder 
B and the tiny spiral 

n (electrically heated) 
caused the liquid to boil 

_ _ while it was being 

| ; I I pumped out. The cylin- 

j - _! I I der was then opened and 

j _* | X JL. without disturbing the 

j _ ! **«<*■ hquid the charcoal tube 

\ Z. ! - was introduced and the 

— s ( tip broken well down in 

the liquid. As soon as 
r ' l ‘ r ’ temperature effect had 

disappeared a fine, platinum wire was attached to the tube and weighings 
were made. 


Charcoals and other Absorbent Materials Used. —Most of the work 
was done on a cocoanut charcoal, made for the Army gas-mask canisters 
at the Astoria plant. A 5-gallon sample (A 909) and samples of 4 to 6, 
8 to 10 and 18 to 20 mesh sizes were obtained. We also prepared a sample 
ofjioo-2oo mesh size. In order to obtain a very fine material, the char 
was ground in a ball mil] (Fig 4) and a slow current of dry air passed 
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through the mill and controlled so that only the finest of the material 
suspended in the air teas carried along This material did not settle in 
the 4-ft. length of wide glass tubing, so it was necessary to use a Cottrell 
precipitator at the end. A microscopic examination of this deposit 
indicated that the largest pieces were about o.ooi mm. in diameter. A 
given sample could be put through this mill with but little loss. We also 
had available some British gas-mask charcoal made from birch wood 
and some German charcoal from unused canisters of a late date. We also 
worked with spongy platinum and precipitated gold, and with some 
silica gel furnished by Dr. W. A. Patrick. 

The Drift—The increase in weight of the charcoal with time when 
opened under a liquid, has been plotted in the form of curves (Fig. 5). 
In order to allow temperature effects to disappear, the first observation 
was generally taken some 10 to 15 minutes after opening the tube in the 
liquid. An inspection of the first part of these curves indicates that a 
considerable part of the drift had already taken place before the first 
reading was made. Evidently the drift is due to the liquid penetrating 
the grains of the charcoal, rapidly at first—then more slowly. The only 
other explanation of a changing weight, while immersed in the liquid, would 
be to attribute it to a change in the shape or size of the grains of charcoal, 
but there has been no suggestion of this in any of the work; indeed, in some 
of the experiments described later we have subjected the whole system to 
pressures of several thousand atmospheres, which resulted in completing 
the drift at once, but there was no observable effect on the size or appear¬ 
ance of the charcoal particles. If there had been a change in the size of 
the grains of the order of magnitude of the observed drift, there would 
have been some settling of the charcoal in the tube; that is, a change in 
the apparent density of several per cent. In the absence of this it must 
be concluded that the increase in weight is the result of a gradual pene¬ 
tration of the liquid into the grains of charcoal. 

Many questions now presented themselves, and one of the first con¬ 
sidered was as to the extent of the drift with liquids other than water. 
To study this effect we selected liquids which differed widely from water 
in surface tension, viscosity, molecular volume and other physical and 
chemical properties. The following observations (Table II) are typical 
of the results, They were obtained with a uniform sample of charcoal 
(A 909), 18 to 20 mesh, and are plotted in Fig. 5. 

Tabut H. 

ItwtfMn MKr<A«r Dmttr. 


LfeaM Bn. IS mJa Hart. 

H*0...... .. 119 1.8*9 1.854 

C8». J6a ».9JJ 1 9*4 

CJOt. . *86 *.»♦ 1.791 

CCW.... i**«6 * 
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ftisaeen that the amount of the drift, the extent in time of the drift 
m& m final density obtained vary vudcly with the 4 Squids under cnn- 
siJeration. Other liquids tried showed values m the ranges here covered, 
but these liquids have not been as yet so thoroughly inv estigated. 



Fip 5 


On opening a prepared tube of the char under a liquid me lauer rustieu 
in and filled the voids at once and completely surrounded each grain of 
charcoal. Also, all large pores must have filled immediately but it seems 
that the filling oi the very fine pores is a slow process and is the main fac¬ 
tor in the observed drift. The maximum observed density of the carbon 
of the char is above 1.9 A gram of this char has shown a capillary volume 
of 042 cc, so the block density of a grain of char would he about 1.07. 
The first observation with carbon tetrachloride gave a density of 1,60. 
some 70% of the o 42 ec. of the capillaries had been filled, but this density 
was taken 15 minutes after opening the tube and a considerable amount 
of the drift had already taken place. One experiment with water gave 
many readings in the first part of the curve which permitted of extrap¬ 
olation to zero time, indicating that about '/i of the total drift takes 
place in the first 15 minutes Vapor undoubtedly precedes the liquid 
into the capillaries but it must be rapidly adsorbed bs the clear, carbon 
surface, in the capillaries of the charcoal and, in any event, could not im¬ 
pede the entrance of the liquid. 

cap^' r !dioTT. lQ ! ' 11 - r " i,arK:1 are atm '*pt'cnc pressure and 

SST ”“ fc toe “■ "1- « -b " T- 
»3JZZ .ItTZ a 

are justified m extrapolating this rekt’ n ’° Vpl)tres * lc ' W}lether He 

sons is qnestionahle, but obL„slv ,1 7 ^ ° f nn,lecular dimen * 

• BigeW and Bart,l s 1 '' » far « than atmos- 

. 1W5 Journal, 3 r, it 97 f, w) 
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pheric pressure which, in our case, was constant, so we at once compared 
the surface tension of these liquids with the amount and extent of the 
penetration. Water has a surface tension of 72 absolute units while 
carbon disulfide shows only .54, but the latter showed much greater pene¬ 
tration and density. We must consider, however, that the viscosity of 
the liquid would be an important factor in the rate of penetration of these 
liquids into very tine capillaries and in determining the amount of pene¬ 
tration in exjx*rimentally realizable time. As a first approximation we 
have considered the penetration to be proportional to the surface tension 
of the liquid and inversely proportional to its viscosity, or more simply, 
to equal a constant times the product of surface tension and fluidity. 
The resulting numbers are: water, 7200; carbon disulfide, 9100: benzene, 
4800; carbon tetrachloride, 2600. These numbers are entirely in accord 
with our observations on the drift and densities. The amyl alcohol 
number is 550 but we have only a few experiments with this substance 
as yet and they are around those of carbon tetrachloride. With capillaries 
of molecular dimensions the shape and size of the ultimate particles of the 
liquid must also lie a factor, but this is the only relation we have as yet 
noticed between the drift and the physical properties of the liquids. 

Attention may be next turned to the effect due to variation of the size 
of grains of the charcoal with a given liquid Using this same A 909 
charcoal, and water as a liquid, we secured the results given in Table 

Time in mimites 



Pi*. 6.—Drift in witter. 



H. B. CUDE AND C. A. HDtETT. 


m* sad Figs. 6 and 7, 
sK given in Table IV. 


For benzene with this same material tie results 

Tablb nr 


Si** 

Grain in mm 

Charcoal mesh 

6-IO 

I 95 

I&-20 

0 71 

100-200 

0 165 


O OOI 


Time of drift 
Hr* 

Density after 
15 min 

«7 

I 

751 

119 

J 

879 

74 

1 

844 

87 

I 

888 


Density 

Final 


1 sas 
■ 834 
1.870 
1900 


Tablb IV 
Benzene 


Sice mesh 

Time of drift 

Hrh 

Density after 

15 min 

Final 

6-10 

743 

1695 

1 7 *S 

18-20 

286 

1734 

1 797 

0 001 mm 

210 

1814 

t 866 



Fig 7 —0 001 mm of substance 


It is noticeable in these results that the extent of the drift and its dura¬ 
tion decreased markedly with the size of gram Also the final density 
mo-eased with this factor These effects have been noticeable with all 

00L1 tw't i SUd ! rP ' SUlLS may 311 be reacbl - v “ ter Preted from the stand- 
pomt that the hqmds encounter mechanical difficulties in filling the small 

;4s;:s:c;s;sss 
-SJH"- ™ ?“ r ,ri'w 

from the grams of char whrch h^bwrTeomnf M ^ e,tertlaJ w »‘* r 

w«ght of char filled with the liquid and subtrf * ^ *' t! ‘ w< “ er ' Ums the 
we found that this could be mot eanlv^' " T*"' of th * ^bon. Late 
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sizes 2 m, 0.7 mm., 0.16 mm., and 0.001 mm. (6 to 10 mesh, too to 200 
mesh and 0.001 mm.). The external surfaces of these size grains per g. are 
0.003,0.008, 0.034 and 5.6 square meters, respectively, while the surfaces 
in the capillaries are of quite another order of magnitude. Some results 
and calculations from vapor absorption work gives this area as less 
than 200 meters square per gram for this char. It will be seen, therefore, 
that the total surface available for adsorption is not materially affected 
by grinding, even when we were able to reduce the char to a powder whose 
largest grains were only 0.001 mm. in diameter. Our changes in drift 
and density are far more in accord with the changes in the external sur¬ 
faces of the different sizes of grain than with the change in total surface 
of capillaries and external surfaces. Furthermore if 200 meters square 
per g. is the order of magnitude of the surfaces of the capillaries, a layer 
of liquid one molecule deep on this surface would represent a volume of 
some 20 cu. mm. If this adsorbed layer were in a condensed form and 
attained a greater density than the pure liquid, it still could lose only a 
part of its volume; if it enters into some chemical reaction with the carbon, 
due to residual valences, it would only contract to a portion of its volume 
as is evidenced by the decrease in volume when liquids and solids combine 
to form true compounds. Any explanation based on adsorption seems to 
offer little hope of explaining the drift which may, for this char, be as much 
as 50 to 100 cu. mm. Absorption may, however, play a secondary role. 
A calculation of the magnitude of the capillary force in causing the liquid 
to penetrate the pores showed that atmospheric pressure played only a 
secondary role in our experiments. Now, we have tried the experiment 
of applying external pressure to the liquid soon after the tubes were opened. 
We were not equipped for this work at Princeton, but the Geophysical 
laboratory of the Carnegie Institute most kindly allowed us to use their 
fine equipment for pressure work and we wish to take this opportunity 
to express our appreciation of the kindness and assistance of Messrs, h. H. 
Adams, E. D. Williamson and R. E. Hall in connection with the following 
experiments.* 

Tubes were carefully prepared at Princeton and carried to Washington 
for the pressure experiments. One containing 3.9587 g. of charcoal 
A 909 was opened under water and the first part of the drift carefully 
followed; the observation gave sufficient points to extrapolate to zero time. 
The plot of the results is found in the first part of the curve of Fig. &. 
Using the extrapolated value this char had shown a drift of 75 mg. in 3 2 
minutes from the time the tube was opened. The system was then sub¬ 
jected to a pressure of 500 atmospheres and kept at this pressure for 30 
minutes. On removing the pressure and weighing the tube and char, 
1 Fur a description of apparatus we Adams, WOtiamMSi and Johnson, This Joumial, 
»* <WS>). 
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*r#Mtional increase of 73 mg. was noted. The tube was now subjected 
to isoo atmospheres pressure for 35 smites which produced an increase 
of only 4.7 mg. The pressure was then raised to 9000 atmospheres, but 
there Were indications of the water beginning to freeze, so the pressure was 
immediately lowered to 8600, which is below the freezing pressure of water 
for this temperature (19.5°), and this pressure was maintained for 50 
minutes, but caused an increase in weight of only 3 mg. 



Time in minutes 
Fig 8, 


The dotted line (Fig. 8) presumably represents the drift while the tube 

St wouTd a h PreSSUre ,° f r atm0Sphere5 ' 11 “ probable that the 
drrft would have completed itself in a few hours under this pressure, and 

f further experiments confirm this supposition, moderate pressures will 

« interval, to 8 d.„ tat 
while we were getting for* ^ fiaal density was 1.90a 

after 4 months. ^ 

tained under pressure. 5 1 th talc > ,0 reach th« value ob- 
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minutes after the pressure was relieved and then at intervals for a few 
hours in order to detect a decrease in weight but in no case observed such 
a change, i. e., water coming out of the char. In a few instances we did 
notice a slight increase in weight or still further drift. This happened 
when the pressure had not been applied long enough. A sample of this 
same char was opened under water and quickly subjected to a pressure of 
3400 atmospheres for a half hour. This tube was then under observation 
for drift for 9 days but its weight under water did not change. We changed 
the temperature of this tube in water to o° overnight and then to 50° 
for several hours, then on returning to room temperature the weight of 
the tube came hack promptly to the previous weight The water was now 
removed from this charcoal and it was pumped out and sealed off at 
445 0 . When this tube was opened under water it showed the normal 
drift, became practically constant in 10 days and then showed a density of 
1.878, while the density was j.83 after the first 1? minutes. It would 
seem, therefore, that pressure will quickly complete the drift and give a 
definite final condition, and that the pressure does not destroy the drift 
property or noticeably affect the properties of the charcoal- A few 
pressure experiments were made with other liquids. 'I'be benzene tube 
was over pressed, froze and broke the tube. The amyl alcohol tube and 
tile carbon tetrachloride tubes came through all right and showed final 
densities of 1.70 am! 1.67, respectively. 

We wish again to thank the staff of the Geophysical Laboratory few 
their assistance in carrying out these experiments which have given us a 
good idea of the possibilities along this line. Now that it is possible to 
get final results in a short time instead of waiting mouths, it will lie possible 
to investigate a larger number of liquids and materials and lest out the 
relation of the penetration of different liquids to their surface tensions, 
viscosities and other properties. Where the capillaries are of molecular 
dimensions, the shape and size of the ultimate particles of the liquid must 
also be a factor. 

The authors wish to thank Mr. B, Peyton for assisting in the prelimi¬ 
nary work on this problem. 

PutworroM, N. j 
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THE EFFECT OF SURFACE OXIDATION OK SOME METALLIC 

CATALYSTS. 1 

By Prank F, Rupert.* 

Received December 27 , 1919 . 

A paper by Wigand entitled “The Increase of the Catalytic Action 
of Platinum on the Combination of Detonating Gas by Galvanic Polar¬ 
ization,”* suggested experiments leading to a further development of 
Wigand's theme. A repetition of his experiments with a simple form of 

1 This paper describes part of an investigation made by the author in 1913-19 
on the general subject of the relation of electrical potential to catalysis The study 
of a number of phases of the general problem gave entirely negative results in practice, 
and lull consideration of the theoretical bearings of the problem afforded no justifica¬ 
tion for its underlying premises. It was learned, however, that there are a few cases 
in which electrical potential and catalysis are indirectly related, although the con¬ 
nection may be accidental, and one of these cases, which forms the subject of this 
paper, was considered worthy of study on its own account. The work on the subject 
was discontinued when only approximate and partial results bad been secured, but the 
publication of such data may at least call attention to some phenomena worthy ol 
further study. Among the phases of the subject deserving further attention are the 
activity of the platinum metals other than those mentioned, a fuller comparison of the 
author's results with those of Sackur, and the thickness and properties of the oxide 
films. 

The author wishes to acknowledge his obligation to Mr. Joseph MorwiU for 
valuable assistance and to Dr. E. W. Tillotson for helpful suggestions 

1 Industrial Mow, Mellon Institute. 

1 Sitab, Ges. tfaturw. Marburg , 1907, p 33 
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apparatus confirmed his results. The first object of the present inves¬ 
tigation was to determine which electrode, if not both, acquires the in¬ 
crease in catalytic activity which Wigand found; next, it was desired to 
make the results quantitative, if possible, and the third aim was to de¬ 
termine the cause of the increased action. A number of secondary ques¬ 
tions developed when the results of the experiments to be described were 
compared with those of Sackur.* The most important of these secondary 
questions was that of the activity of other metals than platinum, and 
several brief experiments on those metals were included. A few experi¬ 
ments were also made on another class of reactions, namely, the hydro¬ 
genation of oils. 

Experimental. 

Platinum.—For the purpose of deciding which electrode acquires most 
of the increased activity shown by Wigand’s research, an H-sliaped elec¬ 
trolytic cell was made containing a stopcock in the transverse tube. The 
electrodes consisted of rolls of platinum gauze in contact with platinum 
wires seated through the bottom of the test-tubes. The cell was filled 
with o. 1 X sulfuric acid and was inverted over a vessel of the same solu¬ 
tion. After pussing a current of 0.1 ampere through the cell, keeping 
the stopcock open, until the tubes were nearly full of detonating gas, 
and allowing a minute for the diffusion of the gases, the stopcock was 
closed. It was immediately noticed that the gases combined more rapidly 
in the tube containing the gauze which had served as anode. 

With the expectation of making quantitative comparison, and insuring 
thorough mixing of the gases, several other forms of apparatus were so 
devised as to permit accurate measurement of the volume of gas. The 
difficulty of obtaining quantitative results, however, was quickly demon¬ 
strated. Wide variations in the time required for recombination of the 
gases in any form of apparatus were attributed to such factors as slight 
impurities on the surface of the liquid and variations in the amount of 
liquid adhering to the metal. Qualitatively, however, the some result 
was obtained in practically every case; the use of platinum as anode in 
an electrolytic cell (with dil. sulfuric acid) caused a marked increase, 
while its employment as cathode produced no decided change in its cata¬ 
lytic power. 

The final form of apparatus, with which most of the experiments were 
made, consisted simply of an eudiometer tube of 50 cc. or 100 cc. capacity, 
and a piece of gauze or foil of the metal under examination, usually a. $ 
cm. square. In the experiments on platinum, the metal was, with the 
exception to be noted later, of the quality used in laboratory ware. After 
giving the metal tire treatment desired for the individual experiment, it 
was rolled into cylindrical form and inserted into the closed end of th* 

1 Z. Ehktrixkem., rz, 637 (ieo6l: F '*» 
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eudiometer tube. The tube was then filled with distilled water and in¬ 
verted over water. The detonating gas, which had been generated in 
% larger vessel, was delivered into the eudiometer tube as needed. The 
time of activation of the metal varied considerably in the earlier experi¬ 
ments, but 15 seconds was found to be sufficient to produce the maximum 
activation. As a rule, the electrolysis was continued considerably longer 
than 15 seconds, especially when the metal was used as cathode. The 
current density was variable, and was not measured in most of the final 
experiments, but in general the activating curient was about o 3 ampere. 
In order to correct the volume of gas for temperature changes, if neces¬ 
sary, a blank tube containing air was placed alongside the others. 

The following, one of the most extensive series of experiments, gave 
results which were characteristic of all those performed: 

The general plan of this series was to compare the activity of catalyzers 
before and after "cathodizing," (a word coined for convenience to denote 
using the metal as cathode) in a number of successive experiments, then to 
compare results similarly before and after anodizing,” i. 1 , using as anode. 
In each of 6 eudiometer tubes was put a piece of platinum gauze, 2 5 cm. 
square, using the method already described. All pieces of gauze used in 
the preceding experiments were cleaned with chromate mixture, then 
heated to redness, but not treated electrically. In the first few experi¬ 
ments the total contraction will lie given for each tulie at a number of 
readings. Tubes Nos. 1 and 2 were of 100 cc. capacity, the rest 50 cc. 
The first readings, taken as soon as possible after filling the tulx-s, follow; 
o = 9 34 A M . Feb 26, 1914 
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o - 9:07 A M„'Feb. 27. 
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All gauzes were then removed, used as cathode in the activating cell 
one minute with a current of o 3 ampere, then replaced in their respec¬ 
tive tubes. The next set of readings follows: 
o » lo in a m., Feb 37 
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After the tubes 

had stood until March 2nd and were 

refilled, the aver 


age rate was 6 35 cc. per hour. After one minute's cathodization the 
rate rose toil 4 cc. per hour. After a second treatment as cathode the 
rate was 925 cc. per hour. On March 3rd, at 0 a.m., the rale was 8.5 
cc. per hour lx-fore cathodizing and 10 5 cc. j>er hour after cathodusing. 
Another cathodization at 4 f.m. of the same day changed the rate from 
9.0 to 3 7 cc. per hour. The rate continued low during the next three 
days, and several cathodizations had the usual uncertain effect. In all 
other experiments, the result of cathodization was likewise variable. 

Just before the first anodization m this series, the following readings 
were taken: 

o » 1:33 F a . Mar t>. 
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After giving each game one minute’s anodization and refilling the tubes, 


the following readings were taken: 
a » ,v.«o F a , Mar A. 
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. . tua first hour was increased 8-5 times , 

In this experiment, the rate for thej deCTeaS e in activity. 

by anodization. Further readings sho ^ d ^ 6.8 cc. per hour, 5 
At 9 A.M. March 7 , when the rate had PF* ^ {j OUr _ 

minutes’ anodization a^derated the average March 10, how- 

The next day the result was substantially repe a parent]y on ac- 

ever , further anodization no longer increased the rate, apparenuy 

count of a film of grease which s ^f e ^ of‘thVkbds of treatment was 

varied There were often marked deviations between the results of indi¬ 
vidual experiments, but the bulk of observations led qualitative^-to the 
same conclusion, that the use of the metal as anode very- materially in¬ 
creases its subsequent effect on the rate of combination of detonating gas, 
while the effect of use as cathode is uncertain. 

From a few experiments the further conclusion was tentatively estab¬ 
lished that the activity acquired on oxidation was lost on reduction, 
more slowly that it was acquired. A single experiment in which an 
alternating current was used in the activating cell gave the anticipated 
result, namely, a net increase in activity. 

In a few experiments the usual piece of gauze was platinized, then treated 
similarly to the smooth platinum. The rate was always much greater 
than with smooth platinum. Use as cathode again gave uncertain re¬ 
sults, but use as anode increased the rate of combination very materially, 
producing an explosion in one experiment. 

It has already been pointed out that the platinum used was of commercial 
quality. Some experiments with a piece of c. P. platinum foil of the same 
size also showed increased activity after anodization. 

Other experiments in which fresh pieces of platinum foil were used as 
catalyzers, before and after direct treatment with nitric acid instead of 
electrolysis, showed that the increase in activity is due simply to oxida¬ 
tion of the surface and is not peculiarly the effect of electrolysis. 

Palladium.—This metal was selected next, on account of its great 
activity as a catalyst and its high adsorptive power for hydrogen. Some 
pieces of palladium foil of the same size as those of platinum were treated 
and used according to the methods already described. The rate of com¬ 
bination, always much greater than with smooth platinum under compara¬ 
ble conditions, was always increased by anodization, while the effect of 
cathodization was small and variable. When the metal was freshly oxid¬ 
ized an explosion usually resulted within 2 minutes after filling the tube, 
iriiffe an explosion never occurred when the palladium had been heated 
^mediately before tee experiment, and rarely when it had been uaed as 


cathode or immersed 


in gaseous hydrogen. 


exSteS'ts 3 ^°^ S f edffle f of iridium available at the time of the 
experiments was in the form of smalt I a- __ ii 
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use these in the apparatus by attaching them to other materials. No 
catalytic activity was observed, but this result should not be regarded 
as conclusive. 

Gold. —Gold foil, C. p., when used as catalyzer in the same apparatus, 
was found to have a catalytic power very much less than that of platinum 
but still noticeable. In one experiment with untreated gold 0.5 cc. of 
gas in a 50 cc. tube combined in 21 days. The effect of oxidation was very 
pronounced; in contact with the same piece of gold, anodized, almost the 
entire 50 cc. combined in 7 days. Anodization of the gold imparted a 
reddish color to the surface, followed by a change to greenish black when 
the metal was put into the reaction mixture. The surface, then, was 
greatly increased. 

Cobalt.—Cobalt was the only other metal which was found to possess 
unmistakable catalytic activity for the reaction. The specimen of this 
metal wits in the form of one ctu. cubes and was not oi known purity. 
Untreated, this metal combined 25 cc. of detonating gas in 90 days; ano¬ 
dized, it combined 50 cc. of gas in lx-tween 40 and 70 days. On anodiza¬ 
tion the solution immediately began to acquire the pink color of cobalt 
jon, and the surface of the metal became rougher. 

Other Metals.-—Experiments were also made with silver, copper, 
lead, tin, nickel, iron, chromium, tungsten, manganese, aluminum and 
bismuth. Two pieces of each metal were used, one untreated and one 
anodized. The first 4 mentioned were in the form of foil; the tin, alum¬ 
inum and nickel were in sheet form, and the rest were in irregular pieces. 
All but the iron were of "e. r." grade. Each specimen of metal was in¬ 
serted in an eudiometet lulu- and left in contact with the gas mixture for 
3 months. To eliminate tcmjK-rature effects, diffusion, catalysis by the 
glass wall, etc., two additional tubes without metal were filled, one with 
detonating gas and the other with air, and corresponding corrections were 
made. lu some oi the tubes a contraction was observed, amounting in 
the end to nearly ‘/» of the total volume, and the residue proved to be 
largely hydrogen. Therefore, they were simply eases of oxidation of the 
metal. The manganese liberated some hydrogen from the water. There 
was no evidence of catalytic action by any of the metals in this series of 
experiments. 

Hydrogenation of Oils.—The hydrogenation of certain vegetable and 
animal oils was chosen as anotlier example of catalysis in which results 
might be of interest. The customary catalyst for such reactions is a 
finely divided metal or oxide, but it was expected that although the amount 
of hydrogenation with sheet metal as a catalyzer would not be great, 
sheet palladium would easily give measurable results. 

Two series of experiments on the hydrogenation of cottonseed oil were 
conducted. The temperature in each —*—— - * 
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liateBe'JO lbs., the time one hour, and the weight of oil 15 g , with a piece 
Ofismoath palladium 2 5 cm. square is catah zcr In the first experiment 
'in. each series the palladium was heated before using, before the second it 
fSSB# cathodized until saturated with hydrogen, before the third it was 
anodized 10 or 15 minutes The oil to be hydrogenated was contained 
in a small flask which was rotated horizontally within the pressure cylinder. 
The iodine number of the product was determined according to Wijs' 
method In the following table of iodine numliers found, each figure 
represents the mean of two results which agreed w ithin a few tenths of a 
unit: 



Ut brrus 

Jtid tones 

Original sample 

!Oft I 

106 1 

Untreated Pd 

roi 6 

104 0 

Cathodized Pd 

tor 4 

mi 4 

Anodized Pd 

‘T s 

K~ n 


The experiments were then repeated, with palladi/ed palladium as 
catalyzer The hydrogenation did not proceed as far as with the smooth 
metal, and the effect ot oxidation, although noticeable was much smaller. 
The product of hydrogenation, under the same conditions as in the pre 
ceding experiments, but using untreated palladized palladium as catalyzer, 
had an iodine number of 105; when the catalyzer had been anodized the 
lodin number of the product was 104 4 

Similar experiments were made on castor oil, fish oil, seal oil and lin¬ 
seed ml, using smooth palladium and appropriate temperatures and 
pressures for each, but the hydrogenation found was always very slight 
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is dissolved. In making quantitative measurements, the platinum was 
determined colorimetrieally. Using pieces of platinum of various grades, 
3.5 sq. cm. in 3 rea, as anode in dil. sulfuric acid and other electrolytes, 
for 30 to 120 hours, at a current density of approximately 4 amperes per 
square decimeter, Marie obtained o 0005 to 0.0010 g. of platinum subse¬ 
quently dissolved by the hydrochloric acid and potassium iodide, and 
found increases in weight of the anode amounting to o 0001 to 0.0003 8- 
during the process of electrolysis. When a piece of platinum of the same 
total area was treated with any one of a number of oxidizing agents for 
a number of hours, the amount of platinum subsequently dissolved was 
about 0,00004 g. In both cases the extent of oxidation had apparently 
reached a maximum, due to the protective action of the film of oxide, 
which he believes to be of the formula PtOj- In some of the experi¬ 
ments a slight brownish color was noticed. 

The author calculated the thickness of the film of oxide or rather of 
the platinum which had become soluble, using Marie's figures, on the as¬ 
sumptions that the surface is smooth and the thickness of the film is 
uniform. From the above figures and the density of platinum, 21.5, we 
obtain in the case of electrolysis 


o ooo7(av.) 
it 5 X 25 


1 3 X 10' * cm.. 


and in the case of treatment with oxidizing agents, 
o 00004 
215 X 25 


7 X 10 * cm. 


The atomic diameter in solids according to a number of investigators 
is 2 to 3 X ic ’ cm. Therefore, the soluble film formed by treatment 
with oxidizing agents has the thickness of two or three atoms, or possi¬ 
bly of only one atom, as the surface may not be entirely smooth and may 
be actually greater than that found by direct measurement. The condi¬ 
tions at the surface of the metal, if the layer is only one atom thick, are 
identical with those observed and discusser! by Langmuir. * The thick¬ 
ness of the film after prolonged electrolytic treatment, however, amounts 
to that of 30 or go layers of atoms, so in that case there may be some 
loosening of the surface before a fully protective film is formed. The 
author did pot determine the thickness of the film after the brief electro¬ 
lytic treatment in his experiments. 

According to Marie, surface oxidation of platinum by chemical or 
electrolytic means gives to the surface layer some of the properties of 
platmic oxide which he enumerates. To his list is to be added the property 
of catalytic power greater than that of metallic platinum, easily evident 
even when the film is of little more than atomic thickness. 


• Tm* JoimxM., 3#, < *"**' 
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t^tThis coachman is not in agreement with that of Sackur, 1 who deduced 
te a number of experiments on residual currents and on the amount 
of gases given ofi on electrolysis when different metals as electrodes, 
that the catalytic power of metals is decreased by negative polarisation 
affid increased by positive polarization. According to his view, oxygen 
acts on platinum as a poison, and the more easily a metal becomes passive, 
the lower is its catalytic power. The conditions in the author’s experi¬ 
ments differ in many aspects from those in Saekur’s; it must be noted, 
however, that the reactions in both cases take place in aqueous solution; 
in the one case in a thin film, and in the other in a large volume. On con¬ 
sideration of Sackur’s deductions, without repeating his experiments, 
no tangible ground for adverse criticism of most of his conclusions was 
presented, but the mass of direct evidence in the author’s experiments 
points to the opposite conclusions 


According to Sackur, the older in which the metals studied stand 
with respect to their catalytic activity toward the combination of hydro¬ 
gen and oxygen, beginning with the most active is: silver, platinum, cop¬ 
per, lead, tin, nickel, chromium. Gold and the other platinum metals 
were not included in his experiment* According to the author's results 
the order is paUadium, platinum, cobalt, gold, with no indication of ac¬ 
tivity by any other metal studied. The activity of palladium is increased 
by surface oxidation for apparently the same reasons as is that of platinum 
The activity of gold is increased in a higher ratio, on account of the fonna- 

S O a a a°a' pr0te , 0tlv -! COatms of oxide ' which » later reduced to the 
ly divided metal. The increased activity of cobalt is apparently due 
smiply to etching and increase of surface. An estimation of the compara- 
tme order of magnitudes of the activities of the metals used gives 50T, 
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summary. 

•Mion L” o«to”“T “r “”“ d the re- 

— - . Sm of w,£, St 251 T* te T T ““" b th ' r«- 

whether accomplished by anodic oohr' r‘‘ d< * ° XKiaU0!1 01 the metal, 
a. This surface oxidation conslsK '** wkad means, 

combined oxygen of little more tha^oLe^’^ 11 ° f * ^ SUrfacc ' 
face acquires some of the properties 0 f ^ whereb i' the sur- 
3 . The catalytic activity TnT * °* ntUL 

tm cottonseed oil is increased " p , al!acbum toward the hydrogena- 
4 - The effect of 

Mmt y ° f l“™» «d JUT TZP****** « U« «Ul,tk 

1 Loc. cit. *>«t and uncertain in directloa. 



ANALYTICAL WEIGHING. 


4 ** 

5. The order of activity among the metals tested, beginning with the 
highest, is; palladium, platinum, cobalt, gold, with large differences in 
the order of magnitude of the activity. The activity of a number of 
other metals is too small to be discernible. The activity of gold is in¬ 
creased by surface oxidation, largely on account of increase of surface. 

6. The results obtained are at variance with Sackur’s conclusions with 
regard to the passivity of these metals and of hydrogen. 

Pnrrmowaa. Fa. 


[Contribution from thb Debar tmsnt or Analytical Chemistry, Sheffield 
Scientific School, Yalb UmvB»srrY.] 

ANALYTICAL WEIGHING. 

By Horace L. Wells. 

Rf«iH Jana*jry 3. i$20 

Introduction. 

It appears that many chemists at the present time regard the use of 
long swings of the analytical balance as the best and most accurate method 
of weighing. Many recent text-books on quantitative analysis advocate 
this process, sometimes without even mentioning a simpler method, and 
the teaching of long swing weighing lias evidently grown in favor in recent 
times. 

While admitting that the use of long swings of the balance is capable 
of giving results that arc accurate enough for ordinary purposes, the 
writer has absolutely no doubt that this practice is generally somewhat 
less accurate than the ordinary, simple method of using short swings. 
The very serious objection to the method of long swings, however, is that 
it is more difficult and much slower than the common method. 

The object of this article, therefore, is to discuss methods of weighing, 
to present a plea for the general use in teaching and in practice of the sim¬ 
ple, easy and accurate process of weighing with short oscillations of the 
balance, and for tine abandonment of long swing practice, which evidently 
involves a great waste of time and labor, with no gain, but probably some 
loss, in accuracy. 

The advocates of long swing weighing usually recommend the finding 
of a “rero-point” of the empty balance—a point not coincident with the 
xero of the graduated scale—in connection with each weighing, thus largely 
increasing "the burden of labor in their otherwise cumbersome process. 
It is believed that this practice should be given up, no matter what method 
of weighing is employed, in favor of using the apparent sero of the balance 
as the basis of weighing, according to the old and reliable custom; for it 
is certain that when we weigh by difference, as we almost invariably do, the 
point of equilibrium of the empty balance is of no consequence, provided 



HORACE L WBI.U4- 


yC''.’ 

ttot the adjustment does not change between two weighings required 
to find a difference. 

. i Long Swing Weighing. 

■ Since the analytical balance, when near equilibrium, does not readily 
give long swings, those who employ extensive oscillations usually obtain 
them either by fanning one of the pans, by temporarily applying the rider, 

’ by suitably manipulating the pan-arresters or by using a point of equi¬ 
librium at a considerable distance from the center of the graduated scale. 

The last of these devices is adopted in a well known text-book 1 which 
does not even mention the use of short swings. The directions given in 
this book for weighing a crucible arc copied here as a striking example 
of how weighing should not be done. 


In making a weighing one should alway ■. arcustom himself to note the observations, 
methodically, as follows 


Assume that a 

platinum crucible 

to fw weighed 



Zero point 

i Point oi rest with 
loud of 12 052 gins 

1 ! Point 
loud of 1 

of rent with 

2 053 Ktttn 

Left 

Risht 

Lrft 

Hifiltt 

i < ft 

R*hr 

4 2 

17 f) 

5 H 

18 7 

1 5 

15 H 

4 6 

5 1 

‘7 1 

f> 2 

6 6 

18 .s 

^ 8 

4 J 

15 4 

Sum » 13 9 
Mean = 4 63 

Sum of both means 
Mean. 

34 7 

17 3s 

4 6.1 

= 21 pH 
= to 99 

lK 6 

6 2 

37 

lb 5 

(> 2 

24 7 

*2 

1 I 5 

* S \ 

J* t 
15 60 
3 83 

'« 43 

d 71 


Sensitiveness = <235-97. = ,64 scale tliusions 
12 -35 10 99 = 1 36 scale divisions 

1.36 2 64 — os mgm 

Weight of crucible - .2052 4. 000,, „ „ ^ 
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v r V Treadwell Translated by Hall. 
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rather more accurate than the enormously longer and more complicated 
one. 

Treadwell shows the use of 3 readings on one side and 2 intermediate 
ones on the other side for finding each position of equilibrium, but it 
should be mentioned that some other advocates of long swings shorten 
the operation somewhat by employing 3 instead of 5 readings, while still 
others make the process longer by the use of 7 or more observations for 
each position. 

An example of directions for using 7 readings in finding the "zero- 
point" is copied here from a very recent ixxik by George Mc-Phail Smith.’ 


Wt 

Might 

-fc S 

44 7 

- 4 * 6 

44 5 

-6 4 

44 * 

r> t 


Average. -A 5 

Average +4 5 Zeropuinl 


11 may be remarked that, if it should ever he desirable to find such a zero- 
point when weighing by difference, it could be much more easily done 
by using short swings For, with the point of equilibrium at —1.0, a 
careful release would cause the needle to travel, after its first excursion, 
from — 2.0 to o, or it might show slight variations from this, such as 
-2 1 « to +’, 4 or 1 ’/4 to - 1 4, etc A glance at these swings would 
show their middle point with accuracy, and the observation could be re¬ 
peated upon succeeding swings as often as desired. 

De Konink’ has gone so far as to recommend as many as 15 or 17 ob¬ 
servations for each careful weighing with long swings, on the grounds 
that it is difficult to make the readings accurately and that numerous 
observations diminish the error. The writer does not believe that this 
exceedingly laborious plan is as accurate as careful short swing weighing. 

The use of long swmgs appears to be an old process, for a description 
of it in 1864, in practically its present form, has been noticed.’ Its use 
may have been fully justified with primitive balances not provided with 
riders and with the tendency to give very' long swings, but its applies 
tion to modem analytical balances is believed to be a very different mat¬ 
ter. 

Short Swing Weighing. 

There art some variations in the practice of those who do not finish 
their weighings by the use of long swings and indirect calculations, hut 

* “Quantitative Chemical Analysis,'’ New York, 1919, p it. 

* "Cbwirie Analytitjuf." U 4 gt, 1894, 

* “HaodwOrtwbncb,'’ by ldebi*. I’o*pawforff and Wohler, Hehliag's Bdilioa, Voi 9, 
P *»• 
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'WKrfh quickly and directly by bringing the rider to the proper point and 

Substances are almost always weighed by difference in crucibles, weigh¬ 
ing tubes or other containers, with the use of the same apparent condition 
• ef equilibrium for any two weighings required to find a difference, and with¬ 
out any particular regard for the actual condition of the empty balance, 
provided that this remains constant. Of course, when substances are 


weighed directly upon the pan, as in the case of gold and silver assaying, 
it is necessary to have the empty balance carefully adjusted. 

The swings generally used are so short that their retardation is inap¬ 
preciable in a single movement, and hence the middle point corresponds 
with the point of equilibrium. They may thus vary from a tnatrim tim 
total length of about 4 divisions of the graduated scales of our American 
balances down to the shortest ones that are distinctly visible. The writer 


prefers very short swings, from '/j to 2 divisions in total length, for final 
observations, because their retardation is inappreciable even after several 
repetitions, and because the centra! points of such short swings can be 
very accurately found by observations. However, this preference for 
rather short swings does not involve th erecommendation that the natural 
swings of the balance should not be generally used, nor that anyone 
should employ swings that are too short to be easily and clearly observed 
without the suspicion that the motion may have stopped. 

It is the most common practice, and the one preferred by the writer 
on the grounds of convenience and accuracy, to employ the center of the 
pointer-scale as the final middle point of the swing in finding equilibrium 
Sometimes however, a point of reference slightly distant from the center 

TtT'r ^ baknccs ' son * ^ *Wch may not swing 

at ail when released in perfect equilibrium with the center hut not 

T* ~ “fr** baW, „ hich 

swng.no matter how carefully they are released 

• P<*t, .tat Urn* o,v4ns “J f” !*. caUr *“ 

equilibrium, is very extensively T } ’ th finaJ “^cation of 

that this plan, following his own s ues^t^ balaR '’ eS ' and * further, 
and satisfactorily to analytical baW ’ ^ appiied exdH «vely 

flection Method,” hu been deta'b^ ^ ““ U * 
states that it is an old process of Z- ™ t ^ r . b y who 

that it came from the assayers) and whoT* ^ appears P r °baWe 
results, but has some UmkatiCl t ^ ^ h ^ excellent 
of certain balances. This method appea^S °* ** Ua8uiUfale ****** 
is Jouasii,, 4I| UJI (, 9 ,^ a v cry good out, especially 
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for rapid technical weighing, but it is probably not quite as accurate as 
the use of short swings across the center, because it is possible for the re¬ 
lease of the pans to impart a slight impulse to the balance and thus slightly 
shorten or lengthen the single outward swing. 

It is customary to put weights upon the balance systematically by the 
trial of loads that are nearly midway between excesses and deficiencies, 
but as soon as the pointer, when carefully released, does not swing be¬ 
yond the limits of the scale, the weighing may be finished very quickly 
by observing the extent of this outward excursion and thus finding, from 
the known sensitiveness of the balance, the exact, or almost exact, point 
at which the rider must be placed. Not more than one or two further 
trials are then usually needed to finish the weighing. Occasionally the 
excursions of the pointer, just referred to, are very long ones, and it may 
be remarked that this is the only kind of long swing observation that is 
approved of in this article. 

Analytical balances are frequently so adjusted that their sensitiveness 
amounts to a swing of 5 divisions for one milligram, corresponding to '/» 
division for o. 1 mg. With this condition of delicacy, therefore, a swing 
that varies less than l /« division on the two sides of the center shows 
that the nearest tenth of a milligram has been found, and, since this 
is the usual limit of accuracy desired, the weighing is then finished. 

It is not worth while to attempt to push the accuracy of ordinary ana¬ 
lytical weighing beyond the limit just mentioned, either by reading the 
short swings with greater accuracy or by adjusting the balances to greater 
delicacy, because weighing to the nearest tenth of a milligram is usually 
the must accurate feature of an analytical process, and also because the 
balance is likely to display erratic behavior when extreme refinement is 
attempted, on account of changes of temperature, jarring or other causes. 

Even in ordinary weighing, the greatest precautions should be taken 
in regard to temperature, tor unless everything that it weighed is at pre¬ 
cisely the temperature of the balance the errors may amount even to 
milligrams. The rapid increase in weight of a slightly warm object as it 
stands upon the balance is sometimes incorrectly attributed to hygro¬ 
scopic behavior. The writer has heard the complaint that the asbestos 
in a Gooch crucible was hygroscopic, when the crucible had been weighed 
before it was quite odd. 

Those whp require weighing of the greatest accuracy, for atomic weight 
determinations or other purposes, must take the greatest precautions, 
such as the employment of a highly sensitive balance, making corrections 
for the buoyancy of the air, and making allowances far the errors in the 
sets of weights used. Such refinements, however, are usually out of the 
question in ordinary analytical work, because such work usually lades 
the accuracy in other respects that would make such corrections reason- 
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Mbte, and the ordinary busy analyst cannot afford tbe time and labor for 
unessential things. All careful analysts, however, should be sure that 
their weights are good ones, and, if particular care is desired, sets of assay 
weights from one gram down can be procured, the errors in which arc 
entirely inappreciable on an analytical balance. An assay balance is 
very suitable for testing such weights. As the weights above one gram 
are frequently inaccurate, it is best, in careful woik, to use them merely 
as counterpoises, without changing them when weighing by difference. 

Short swing weighing, with certain modifications, is very extensively 
employed with satisfactory results, attd some of the most important 
works on quantitative analysis do not mention the method of long swings. 
Fresenius (187,5) describes the point of equilibrium as the place where 
the needle will come to rest after swinging. Adolphe Carnot (1898) says 
that the equilibrium of the balance is indicated by the pointer oscillating 
equal distances on each side and finally stopping at zero. N either Fresenius 
nor Carnot say definitely that we should wait for the pointer actually to 
stop, and it would evidently be more convenient to observe the middle point 
of short swings. Clowes and Coleman (1914) state that consecutive 
swings to the right and left must finally be equal in extent, h is evident 
in the last case that the swings, in order to lie equal, must be short ones. 


Arguments Against Long Swings. 

There can be no doubt that these swings are used in the belief that they 
increase the accuracy of weighing, but there apjmirs to be absolutely no 
theoretical or practical ground for this belief, for the following reasons- 
1. A long swing shows no greater variation than a short one for the 

same deference in weight. The variation is an absolute distance which 

s not proportional to, nor increased by, the length of the swit.g, beeam* 
the balance acts as a pendulum and, except for retardation the ZZZ 

ff S r 7 't , qUa !, d ‘ Stances on each s '& of tbe point of rest. For example 
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found indirectly by calculation. Sine. tT’ S< ’ thf ‘ latter must be 
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nuddle points of these correspond to their ^ SWtW ' mes > 90 that th* 
latter can be found very easily and ZiCT tC!Uilibriu ®. and th* 

- direct observation. 
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There is no doubt that the direct, accurate observation is better than the 
indirect calculation. 

3. hong swings cannot be read as accurately as short ones, because the 
more rapidly moving pointer in the first case allows less time for the 
careful observation of the end point, and also because the parallax due 
to unsymmetrical positions of the observer’s eye is much more likely to 
affect the reading of long swings than of short ones. Furthermore, the 
observation of very short swings across the center requires only tire direct 
comparison of the two distances on each side, and this comparison can be 
made with great ease and accuracy. For instance, a swing from +0 2 
to —o 3 could be readily seen to be imsymmctrieal with the center, and 
the observation would be repeated and confirmed upon a number of suc¬ 
ceeding vibrations, whereas this variation of o t divisiors could hardly 
be determined with certainty with long swings on account of the diffi¬ 
culty of reading them accurately, and because of the complication of re¬ 
tardation. It should lie mentioned that a variation of o 2 division in 
the swing indicates a difference of less than o 1 mg. as balances are com¬ 
monly adjusted; hence with an adjustment as sensitive as this a varia¬ 
tion of o t division, just discussed, or one even twice as great, could be 
disregarded in ordinary' weighing. 

4. There is no advantage, as far as diminishing the probable error is 
concerned, in the finding of the mean values of several observations that 
is practiced in long swing weighing; for when short swings are employed 
the final result is observed at once, and this can l>e compared with sub¬ 
sequent swings which are usually identical and confirmatory, lit order 
to obtain similar comparison and confirmation, it appears that the long- 
swing operator should repeat the whole of his observations and calcula¬ 
tions a number of times, and compare the senes of results thus obtained. 

5. The calculation of the point of equilibrium from tong-swing read¬ 
ings is mathematically inexact, because the retardation diminishes with 
the extent of the swings, while the means oi the readings on each side are 
used in the calculation. It is admitted that the error thus introduced 
is ordinarily inappreciable, hut this would not be the case with a balance 
adjusted to unusual sensitiveness, or carrying a very bulky' object, so 
that the. retardation amounted to a rather large proportion of each swing. 
For example, supposing the retardation of each swing to lie */» of the dis¬ 
tance from 'its starting point to the center, the latter being the point of 
equilibrium, the long-swing readings to be expected might be 4-10.a, 
—7.5, +5 fi, —4 2 and +i 2, which give by calculation the point of 
equilibrium +0.4 instead of the comet point, o. On the other band, 
short swings *,/» the length of the other# would give the readings +0 5, 
~-o . 4, +0.3, —0.3, and -4-0.3, which would indicate the true point by 
calculation, or more simply by observation. 
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balance with blunted knife-edges or grooved bearings, or both, wo “ ! ^ 
better long swings than short ones, but experience with a great many 
balances, some of which had been used by students for many ) ears, has 
not disclosed any such case, and if such a balance should be found it 
would seem best not to use it at all. 

8. Some readings of long swings made by the writer have shown con¬ 
siderable irregularity, and it was suspected that the currents of air set 
up by the swinging were a source of error. Howeter, more careful ex¬ 
periments carried out with an excellent Becker balance, and with the aid 
of a magnifying glass, showed that the suspicion was probably ground¬ 
less, and that the previous irregularities had been caused by errors in 
reading the long swings. In one instance, a 4-inch watch glass, used 
on account of presenting a large surface for stirring the air, was counter¬ 
poised upon the balance, and the swings -f-o 3, —0.3, +0 3, — -0.3, 
+0 3 and then +11.9, —11.4, +11 o, —10 5, -fio.o were obtained, 
giving the indicated middle points o and o 02, respectively. In another 
experiment the empty balance was adjusted to equilibrium at the center, 
long swings were started and readings were made until the oscillations 
had died down to short ones. The firsts readings were -f-ia.o, — it. 7, 
+ 11 3, —10.9, +10 6 , indicating that zero-point precisely, then, after 
96 very satisfactory readings that will not be recorded here, the follow¬ 
ing were obtained: +0 7, —0.7, +0.7, —0.7, +0.6, —0.6, -f-o.6, 
—0.6, +0 6, —0.6, +0.6, —o 5, etc. Both comparisons show excel¬ 
lent, and perhaps unexpectedly good results with the long swings, in 
the reading of which no high degree of accuracy can be claimed, but 
there is no indication of any advantage in the long swings over the short 
ones, and it is evident that the latter are much more convenient for read¬ 
ing and for finding the result. 

Conclusion. 

K the arguments presented here are sound, as they appear to be. It fc 

sirable toilTw ^ chemists Ilave considered It de- 
6 to force the reluctant analytical balance, when close to eqoffib- 
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rittio, to give long swings, in place of its natural short ones, in order to 
do a vast amount of useless work. The suspicion is unavoidable that the 
simple pendulum principle of the balance lias been lost sight of in the en¬ 
tirety false expectation that the absolute variation of a swing would be 
increased by lengthening it. Possibly it has been supposed that short 
swings would be more likely to stop or to be erratic than long ones, but 
this is contrary to the very great amount of experience of those who use 
short swings, and it is contrary also to the precepts of high authorities, 
such as Fresenius and Carnot, already alluded to in this article. There 
is tittle doubt that many have merely followed the example of others in 
adopting this astonishing practice, without due consideration of the 
matter, and perhaps the mathematical and physical aspects of the method, 
or possibly its spectacular features, have had some influence in leading 
to its adoption. 

It is to be hoped that all recommendations of long-swing weighing will 
soon disappear from our text-books of quantitative analysis, so that our 
future workers in chemistry may not be in danger of being burdened with 
a preposterously laborious method. 

The writer is indebted to his colleague, Dr. John Zeleny, Professor of 
Physics, who has kindly examined the arguments presented in this article 
and has approver! of its main conclusions in regard to long and short 
swings of the balance. 

Kwr Ha vim. Com. 
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THE AQUEOUS PRESSURE OF SOME HYDRATED CRYSTALS. 

OXALIC ACID, STRONTIUM CHLORIDE AND 
SODIUM SULFATE. 

By Omsooby Paul Baxter and John Ewosst Lansing. 

Rmt!tc< Jtuui 17, 1420. 

Information concerning the aqueous pressure of hydrated crystals is 
in an unsatisfactory state, partly because the different methods used have 
not yielded concordant results, and partly because no systematic at¬ 
tempt has been made to cover the ground thoroughly, so that data in this 
field are meagre. Yet, a knowledge of aqueous pressure of crystals is often 
desirable, dor cither theoretical or practical purposes, such as the deter¬ 
mination of conditions under which hydrated crystals are stable- The 
present investigation was undertaken chiefly for the purpose of perfecting 
a reliable method of measuring aqueous pressures of crystals, although 
Che data obtained may possess some intrinsic value. 

The "air current" or "transference" method which was chosen, has 
frequently been employed for the purpose in the peat, but as the results 
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tifetained have been on the whole unsatisfactory, this method has ac- 
aa undeservedly bad reputation. We have found, however, that 
with suitable precautions very uniform and satisfactory results may be 
obtained. 

One of the chief difficulties has been due to the fact that tile trans¬ 
ition from a more to a less hydrated phase frequently does not take place 
unless the original substance is scratched or crushed or, best, inoculated 
with the less hydrated phase. An important precaution is, therefore, to 
mix intimately by grinding the more hydrated and a considerable pro¬ 
portion of the less hydrated phase. The presence of the latter sub¬ 
stance is of further advantage in absorbing any excess of water coming 
possibly from pockets oi mother liquor in the crystals or other sources. 
Beyond this precaution those involved in the accurate determination of 


moisture are necessary. 

The experiments described in this paper were carried out with the 3 
systems following: oxalic acid (H2C.O4.2H5O —► H-C/fd, strontium 
chloride (SrCl t .6H 2 0 — *■ SrClj.sH/i), and sodium sulfate (NajSO*.- 
10H1O *- Na-iSOf!. These substances were purified by one crystalliza¬ 

tion and then were air dried. Some of the oxalic acid was heated to 
roo° for some time to expel the crystal water and then was intimately 
mixed with 10 times its weight of hydrated crystals by comparatively 
fine grinding. Considerable portions of the strontium Chloride and sodium 
sulfate were exposed for some time in a vacuum desiccator over sulfuric 
acid and were then intimately mixed with from to to 20 times the amount 
of hydrated salt. The mixtures, interspersed with glass beads, were packed 
m large U-tubes which could lie closed with ground joints and sto^is 
and were allowed to stand for some time before use so tw ■, , - ' 

"W* b. -an**. The SL" 
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The peatoade tube was always weighed by substitution for a counter¬ 
poise similar in material, shape, and volume, and during the actual weigh¬ 
ing of both the pentoxide tube and its counterpoise, one stopcock was 
always open in order to avoid irregularities from changing atmospheric 
conditions. 

The volume of air passed over the salt was found by measuring the water 
run out of the aspirator in a large bottle, the volume of which had been 
determined very carefully by weighing its water content. At the begin¬ 
ning of the experiment the aspirator was always filled to the top with 
water, which had been allowed to come to room temperature before the 
air current was started. Thus no change in the volume of the water 
could take place during the experiment. The volume of the connecting 
tubes between the saturating tube and the aspirator was so small that 
changing atmospheric conditions could not have introduced any apprecia¬ 
ble error in the measurement of the volume of the air. 

In order to make certain that saturation really was reached in the satura¬ 
ting tube, the rate at which the air was passed over the salt was varied 
between comparatively wide limits, the maximum rate being not far from 
4 liters per hour, the minimum rate alsout 1 of this. Within these limits 
it was not possible to detect any certain difference in the results, so that 
it seems reasonably sure that equilibrium was really reached in the satura¬ 
ting tube and that the moisture was completely absorbed in the weighing 
tube. 

Since in no case was the observed vapor pressure as high as that of 
water at the temperature of the room, condensation could not have oc¬ 
curred between the saturating and absorbing tubes. Obviously this con¬ 
dition limits the temperature at which the foregoing method may be used, 
unless the connection between the tubes is immersed in the thermostat. 
Such a modification has been successfully used in later experiments of 
the same nature. 

Temperatures were determined to a few hundredths of a degree by 
comparison of the thermometers with accurate' standards. The thermo¬ 
stats were thoroughly stirred and the temperature control by means of 
toluene regulators was as accurate as the thennometric readings. The 
thermostat at o° was chilled by means of a layer of several inches of cracked 
ice. At 25°, an electric light bulb and on warm days a coil of cold water 
in addition served satisfactorily, white the bath was maintained at 50“ 
by the method recently proposed by Derby* of passing a current through 
the water of the bath between carbon electrodes. 

From the weight of water found in the absorbing tube was calculated 
its theoretical volume under standard conditions, upon the assumption 
that a mol occupies as 41 liters. The volume of air in the aspirator was 
* Tm» Jouanxu j}, 1767 Oyij). 
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Wt of 

Temp water, 

* C G 

0 0.0028 

O.OO29 
O <5027 

o 0031 

15 0.0081 

0.0094. 
o 0094 
0.0085 
0.0092 
0 0085 

25 o .0198 

0.0198 
0.0200 
0.0199 
0.0199 
0.0197 

40 o 0627 

o 0614 
0.0629 
o .0610 
0.0634 
0.0621 

50 0.1228 

0.1190 
o 1262 
o 1223 
0.1178 
0.1231 
0.1192 
0.1254 
0.1216 

Q* I2 57 

o 1221 

0 1231 


o 0088 
0 0092 
0.0094 
0.0092 


Table I. 


HtCtOi jHtO. 


Volume of 
dry air at 0 * 

Rate 

Average 

interior 

and 760 mm 

per hour 

preswore 

Cc. 

Liters 

Min. 

7199 

1.5 

785-7 

7231 

1*5 

765.0 

7401 

1-5 

765-4 

7303 

1 6 

764-5 

7339 

2 7 

763 3 

7582 

2 8 

764 3 

7535 

3 7 

764 4 

7292 

3 6 

764.6 

■374 

2 i 

759 4 

7130 

2 0 

759 4 

7157 

1 8 

760.4 

7070 

l -7 

761 4 

7098 

1.4 

761 0 

7016 

1 6 

760 4 

6903 

2 9 

755 ■ 

7066 

l ,9 

762.7 

7353 

3 2 

743 4 

7216 

2 5 

743 2 

733 f > 

2.4 

742.3 

7220 

2 .2 

742 5 

7415 

2.6 

743.2 

7285 

2 .O 

743-0 

7396 

2 O 

764 6 

7172 

1.8 

764 9 

7483 

i 6 

761 9 

7246 

1 5 

762 3 

7775 

1.1 

761 4 

7379 

2 6 

759-5 

7147 

2-7 

759 4 

7491 

1 2 

761 -1 

7347 

1*3 

76 r .6 

7501 

2 1 

761 0 

7371 

2.1 

761.3 

7353 

1.6 

766.6 


SrClj 6 HjO. 

‘Wl I 6 

6860 j _ 


7241 

7135 


2 O 

a 0 


Av 


763 7 

764 3 
76 » 8 
763 j 


Aqttconi 

prewure 

Mm. 

0.37 
0.38 
O.35 
o 40 
Av., 0.38 

(103) 

1.18 
1 18 
1.10 
1.18 

1 13 

Av., i 13 

3 , 6 l 
3 .64 
3 66 
3 67 
3 70 
3 .64 

A»„ 3 63 

7.80 
7.78 
7 83 
7-7S 
7 81 
7 80 
Av., 7 .79 

'J 47 
>5 47 
13 66 
IS 68 

(IJ *4} 

‘5 44 
1J 43 
*3 33 
'5 57 
'5 54 
>5 57 
15 64 
» 15-55 

1 .30 
1.37 
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Tabus I (continued). 


Wt. of 

Voiuma of 


Average 


dry sir at 0* 

Rite 

interior 

Aqueous 

water 

Add 760 nun. 

per hour. 

press tire. 

pressure. 

G. 

Cc. 

Liter. 

Urn. 

Mm 

0.0092 

6609 

1.7 

761.1 

* 5 * 

0.0096 

7507 

*•4 

750.0 

1 19 

O.OO94 

7383 

2 7 

749 7 

1 19 

0.0097 

7330 

* 8 

744 6 

2 .22 

0.0095 

7200 

1 3 

744 6 

I .22 

Av„ 1.33 

0 0327 

7501 

7 4 

765 0 

4 13 

OO313 

7 W 

r 9 

764 7 

4 10 

0.032a 

7455 

3 8 

764 6 

4.09 

0.0303 

7701 

7 3 

764 2 

3 98 

O 0317 

7414 

2 8 

763 4 

4 °4 

0 0297 

7 >70 

2-7 

'62 4 

3 91 

0.032J 

7*98 

2 6 

746 O 

4 06 

0.O3U 

7>33 

2 5 

743 3 

4.03 

O.0315 

7374 

1 6 

745 5 

3 94 

0.0306 

7703 

3 .O 

743 7 

3 92 

O 0316 

7304 

2 8 

744-3 

3 98 

0.0303 

7186 

2 7 

744 O 

3.88 

0 03 r7 

7320 

2-4 

7*8.6 

3-91 

O 0309 

7384 

2 S 

7*8 * 

3.88 
Av., 3 .99 

0.0642 

6988 

t 6 

757 7 

8.56 

0 0634 

7038 

2 3 

756 0 

8 39 

n 0638 

7 IJ 7 

r 4 

762 9 

8.17 

0 0633 

7 H 3 

1 2 

760 6 

8.18 

0 0626 

7020 

» 4 

760.3 

«• 34 

0 0643 

7203 

* 7 

764.6 

8-39 

0 0631 

7 I 0 J* 

I 6 

765 1 

8.36 

0 0653 

7273 

1 7 

762 1 

8.43 

0.0649 

7 I 98 

2 0 

762.2 

8.45 

0.0643 

7343 

1.6 

761 .8 

8.31 

O 0654 

74 03 1 .3 

N*^ 0 ,10H1O. 

767. t 

8.34 
Ay., 8.37 

0.O213 

7340 

i 6 

765 0 

2.75 

0 0208 

7085 

2.3 

763,1 

2.78 

0.0209 

7166 

2 4 

764 s 

a.76 

0 0204 

6911 

t 6 

759.8 

a.7* 

0.0208 

7088 

1 ,6 

759-3 

a.76 
Av. . a 77 

O.0714 

7168 

2-3 

764.3 

9 .*3 

0.0721 

7.139 

*3 

764.7 

9.31 

0.074s 

7393 

1.8 

7«3 ■? 

9.at 

0,0718 

7346 

3 ' 

764.3 

9 -18 
Air., 9. at 
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TaRCK II. 


HjCfO«.jH« 0 . 



Oh*erved. 

Calculated. 

Difference. 

Temp 

Mm. 

Mm. 

Mm. 

- Sj“ 


O.O5 


—15 


0.11 


O 

O.38 

0.38 

0.00 

15 

I 15 

i »4 

+0.09 

15 

a .6j 

1 . 6 s 

0.00 

40 

7-79 

7 .80 

+0.01 

so 

IS 55 

15 36 

0.0 

60 


30.34 


70 

57 -95 

SrCU&HtO.* 


- -IS’ 


0 14 


--IS 


0 3 $ 


0 

1 13 

I 33 

0.00 

is 

3 99 

3 99 

0.00 

13 

* 37 

8 37 

0.00 

40 


*3 99 


so 

Na,SO. 

46.56 

st>H,0.‘ 


- -23° 


0 27 


—is 


0 72 


0 

I 77 

*■77 

0.00 

15 

9 31 

9 31 

0.00 

»s 

>9 .ao 

19.19 

—0.01 

40 


51 97 


SO 


98.85 



' Vrawein, 7 . physti Chan . l, 5 


Tctejjelitturt 

Mm 

14 75’ 

3 19 

10.34 

SH 

25 96 

7 82 

30 OS 

to .87 

34-66 

15.33 

39 45 

J» 57 

7, 360 (1891). 

19 7* 

S .61 

15-6 

8,7* 

39.9 

it .84 

341 

*3 83 

37 55 

19.86 

. ck*m. pkys., (6j at, 539 (1890) 

0* 

J.S 

5 

S-* 

10 

7-0 

»S 

9 7 

*0 

‘ 3-9 

J 3 

19.0 

*9 

34.O 
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corrected to the same conditions, after allowing for a slight difference in 
pressure inside and outside the aspirator, determined with an open-arm 
Water manometer attached to the aspirator bottle. The volume of the 
water vapor, divided by the volume of dry air plus the volume of the 
water vapor, and multiplied by the total interior pressure, yields the 
aqueous pressure of the salt under the conditions of the experiment. 
The results are given in the tables. 

On the accompanying curves the aqueous pressure is plotted against 
the temperature, add the logarithm of the aqueous pressure is plotted 
against the reciprocal of the absolute temperature. In the latter case 
the points lie very nearly upon straight lines, almost exactly so with sodium 
sulfate. These lines are represented very closely by the following equa¬ 
tions: 1 

066 r 

H,CAiH s O log p = 18 053 — —■ 

6171 

SrClj.6HjO log p = 15.081— 

NajS 0 4 ioHjO log p = 10 566 — 

"1* 3 

In Table II the observed values are compared with those calculated 
from the equations. The concordance is such as to inspire confidence 
in results obtained by extrapolation over a moderate temperature range. 

Cahsudob, Mass 


[Contribution prom thr Chemical Department op the University op Bristol.) 

COLLOIDAL ELECTROLYTES. SOAP SOLUTIONS AND THEIR 
CONSTITUTION.* 

Bv James W. McBalv and C. S Salmon 

Received June 11, 1918 

Colloidal electrolytes are salts in which an ion has been replaced by a 
heavily hydrated polyvalent micelle that carries an equivalent sum-total 
of electrical charges and conducts electricity just as well or even better 
than the simple ion it replaces. This is the conclusion to which our 6 
years study of soap solutions has led us 


1 Antoine, Compt rend., 110,632 (1890); log P 


A + 

2 + C 


Uons commence With McBain an d Taylor, Be, ^ 

(1912), further papers, Tran,. Chem Soc 00 iof7 ! ,Z Clum -' T 6 * * 79 ! 

101,2042 ( I9 i2 ); 105, 4.7 .957 (Tlrw A 'dlvC ^ 

*S6 (1913) 7 -W 7 U 9 . 4 J.rnw, F ara icy (,9,3). Kotioid-Z I* 
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This newly recognized class will probably prove to include, under cer¬ 
tain conditions, most organic substances containing more than 8 carbon 
atoms capable of splitting off an ion of any kind, such as acid and alkali 
proteins, dyes, indicators, sulfonic acids and sulfonates, soaps, etc. Probably 
our conception of such inorganic substances as certain salts of the heavy 
metals, for instance chromium chloride, sodium tungstate or zincate, and 
certainly such substances as sodium silicate, will have to be revized in 
the light of this new knowledge Many non-aqueous solutions also 
are comprized in this category, as will be shown elsewhere. Indeed it is 
probable that this new class contains as many members as all acids and 
bases put together. 

In a measure the properties of this ionic micelle must apply to all col¬ 
loids which possess even slight electrical charges. In the cases of proteins 
and soaps at high concentration, the undissociated substance is an ordinary 
colloid while the organic ion is a micelle. In dilute soap solutions, on the 
other band, the undissociated molecules possess only the simple stoichio¬ 
metric weight and the ions too are simple. 

As the previous papers ore somewhat scattered and as the data described 
in this paper derive their significance from combination with the previous 
work, a brief r&uml is necessary. 

When McBain and Taylor, in 1908. planned their attack on this sub¬ 
ject, they chose soap as the material for their experiments because of the 
relative simplicity of its components, and also on account of its industrial 
importance McBain had already shown that quite complicated cases, 
such as solutions of cadmium iodide, could be readily interpreted within 
the limits of the dissociation theory. 1 Here, however, they found a case 
which necessitated an extension of that theory. They recognized the im¬ 
portance of the conclusions towards which their results led, and decided 
deliberately not to adopt the explanation just outlined, as long as it was 
possible to maintain any other. Further, the methods of investigation 
were to be only the powerful incontestable ones which had served to es¬ 
tablish the theory of solutions and of electrolytes. Viscosity measure¬ 
ments, for instance, and other colloidal methods were rejected as being 
in the nature of circumstantial evidence only. 

At that time Krafit’s work on the subject was universally accepted, and 
H was believed that soap was just an ordinary colloid. Kahienbcrg and 
Schreiner's measurements of the conductivity of certain dilute soap solu¬ 
tions were simply explained away os being due to impurities, hydrolysis 
sad dilution. 

McBain and Taylor* spent several years in measuring the conduc¬ 
tivity of sodium potentate solutions of all concentrations, near the boding 

* Z EUktmkm ., 11, m <1904); Tma Journal. 34,1134 (1911). 

* 2 . pkyak . Cktm ,. 7ft, 179-209 {1911). 
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idmt, as Krafft’s molecular weight measurements had been made at 
•"•flih temperature, and as the concentrated solutions were not liquid at ow 
temperatures. They found a high conductivity in all solutions. 1 This 
showed conclusively that soap solutions consist to a large extent o some 
thing other than a neutral colloid. The next step was to show y two 
quite independent methods, namely by the rate of catalysis and the elec¬ 
tromotive force of the hydrogen* electrode, that the hydroxyl ion present 
was negligible, its concentration being only about o.ooi A. Hence e 
high conductivity was necessarily due to the soap itself. 

The present paper shows again 8 that Krafft’s well known work is com¬ 
pletely erroneous, and it describes measurements of the osmotic pressure 
of numerous soap solutions by a vapor tension method, showing that in 
extreme cases the sole constituent that is not a colloid is the sodium or 
potassium ion, although this is present in high concentration and must, 
therefore, be counterbalanced by a colloidal micelle of high equally op¬ 
posite charge and conductivity. Other related work, to the same effect, 
on the freezing points of some potassium soap solutions is being described 
elsewhere. 

No less remarkable is the demonstration that as the solutions become 
more dilute a gradual transition from colloid to crystalloid takes place, 
until in dilute solutions the soap is essentially an electrolyte just like 
potassium acetate. This refers to the undissociated colloid as well as 
to the colloidal ion or ionic micelle. In every solution again there is estab¬ 
lished a perfectly definite, completely reproducible equilibrium between 
all these constituents, both colloids and crystalloids. 

The Experimental Method. 

McBain and Taylor 4 have shown the impossibility of using the ordinary 
boiling-point method with these solutions, owing to the presence of a large 
amount of air which does not escape from the bubbles and, therefore, by 
its partial pressure, wholly invalidates the results. Krafft’s observation 
that soap solutions boil just above or below the boiling point of water, 
although? perfectly correct, is thereby wholly deprived of significance. 
The same consideration renders illusory the apparent vapor pressure as 
measured by Smits in an ordinary tensimeter. McBain and Taylor* 
were able to obtain direct confirmation of this by experiments which in 
one case extended over 3 weeks, where most of the air was el imina ted and 
a vapor tension in agreement with that obtained here was finally <*- 


laborato^ eq 'rra t nram e T ntS ° f conductivit> of various soaps solution from this 

8 w cZ: slzfzzz Su). ” 5 ’ 4,7 

completed la 1914. 5 957 ^ 77 l rate measurements not yet puhUehed, 


* See McBain and Taylor, loc. 

* Loc. cil. 


cit., pi>. 185—186, 
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The present experimental results consist oi measurements of the rise 
of the totaling point or lowering of the vapor pressure of soap solutions as 
measured by Cummings ’ 1 dew-point method suitably modified. The 
experiments cover an extraordinary range erf concentration from very dilute 
solutions up to practically anhydrous solids. It is a matter of indiffer¬ 
ence when using this method whether the system studied is liquid or solid, 
viscous or limpid, one phase or several phases. The results are accurate 
to o.oi°. For instance, the vapor pressures of a number of soap solu¬ 
tions were measured toy one of us (j. W. M.) and subsequently tbe other 
carried out the same series of 
measurements without being 
aware of this. Our results 
agreed either to o.oo® or 
o.oi® in every case This 
degree of accuracy was made 
possible through a special 
treatment of the silver sur¬ 
face described below. 

Fig. i shows a diagram in 
cross-section of the apparatus 
employed. A highly polished 
silver tube with silver bottom 
was closed with a cork at the 
top. Through the cork were 
inserted a thermometer and 2 
tubes through which a rapid 
current of water was circu¬ 
lated by a power pump from 
and to a thermostat of ad¬ 
justable temperature. The 
silver tube was held in a cork 
in a glass vessel which con¬ 
tained the solution to be 
studied. The top of the glass ————- — 

vessel rose an inch or so above Fi * 1 

the cork so that the dosed space was completely immersed in the water of a 
thermostat which had glass sides. Further, a capillary glass tube passed 
through the cork bolding the silver tube and could be connected with an 
air pump and thus evacuated or the pressure adjusted to any desired value. 
This tube was dosed by a glass tap. 

Tbe following device alone rendered possible the attainment of accurate 
results. The silver tube was kept most highly polished; but as It was 
* 7 >aw Oum. 5 ve., 9 $, 177* (*w). 
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j %ttmu dy difficult to detect the first very slight dimming of the silver 
.pWfate e, a definite portion of the silver surface was so treated that no 
-dew deported on it, so that it therefore remained bright and afforded by 
juxtaposition a contrast with a slightly clouded surface. The test of the 
appearance or disappearance of the dew was then the first appearance of 
this sharp boundary or the attainment of perfect uniformity of the sur¬ 
face. To produce this effect, boiling water was mn through the silver 
tube and the bottom comer of the tube was dipped once uito boiling con¬ 
ductivity water. The water evaporated at once but thereafter no dew 
would form on this part of the surface. In this way when the tube was 
subsequently viewed from the front the boundary line ran diagonally 
across the lowest part of the side of the tube. The attempt was made 
to extend this essential refinement of the dew-point method to various 
non-aqueous solutions, but without success In every ease dew formed 
all over the silver surface no matter how this had Wen treated or contam¬ 
inated. 


In making a determination, the main transparent thermostat is first 
adjusted to say 90.0°. It has to be filled with distilled water, stirring 
must be very vigorous, and the whole has to be carefully covered to pre- 
vent evaporation. For the same reason a large quantity of glvcerine is 
added. The meniscus is kept at constant level by use of a constant level 
reservoir. The glass sides of the thermostat are kept carefully denned 
and pohshed for dose observation. The adjustable auxiliarv thermostat 
m filled with water covered by a deep layer of melted paraffin or is other¬ 
wise carefully protected. 

5*—of e X Tt£ 

Of the silver; third, dimming the g Jass when hli’ T * ^ 

and fourth, changing the conation of thTsoSn tZ 

ratus with the hot water , , • ! uon ’ The who '« appa- 

parent thermostat as in kT i ? The” hr M ” - thCn 1Dserted int0 Ule trans- 
fore, passible to shake the L ' 1 ^ ^ ‘* not n * id ®» d it is, there- 

face if desired S ° lutl ° n S,i 8 htl >' a " d «ms renew the ear- 

• ,ew ^ ■«»« ■».- 
at this temperature. The tap is then^t *!** solutlon ls considerable 

vapor pressure involved it was found” ^ °""K to ** 

* 5 "°“* tte air b the aPParatus^ 1 ^ inadvisable 

dehterately removed from ^solution h°i " WOrk watci was often 

^ mstantly dissipated. On the other iianT tw^ Wy 

mn<J ' fbe temperature dis- 
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turbance is very considerable. Thus for normal working with apparatus 
kept dosed, the rather small amount of air present (say 200 mm. pressure) 
Involved no appreciable lag in the diffusion of the water vapor (say 550 
mm. pressure). Doubtless again, on account of this high vapor pressure, 
the use of the cork was quite without influence on the results. 

The determination is now begun by very gradually lowering the tem¬ 
perature of the water running through the silver tube, carefully noting 
the temperature of the thermometer contained in it and also of the one in 
the thermostat with its bulb close to the solution. On the first sign of 
dew forming (slight discontinuity of the polished surface, the boundary 
line becoming faintly visible under bright and carefully adjusted illumina¬ 
tion) the temperatures of both thermometers are read. 

Immediately the supply of heat to the adjustable thermostat is altered 
to a value which will slowly raise the temperature of the running water. 
There is now a lag during which the dew increases, but soon it becomes 
faint und the silver surface is suddenly sensibly uniform. Both thermom¬ 
eters are again read, and the heat supply again diminished. Thus a long 
series of values for the appearance and disappearance of the dew is ob¬ 
tained. The temperature of the outside thermometer in the transparent 
thermostat is of course nearly or quite constant. The mean value for a 
series of at least 7 or 8 readings each way is quite reproducible by differ¬ 
ent experimenters working independently. 

The apparent temperatures of appearance and disappearance of the dew 
differ on account of the lag referred to, but since pure water fa measured 
similarly, the results for solvent and solution are strictly comparable. 
In this way the method resembles the ordinary" Beckmann boiling-point 
method, where the absolute temperatures are always very inaccurate 
(perhaps by a degree or more) but where the difference in temperatures 
or rise in the boiling point fa accurate to perliaps a few hundredths of a 
degree. Our dew-point results are about as accurate as an ordinary 
Beckmann determination in dilute solution, arid the latter is wholly in¬ 
applicable to the cases here studied. 1 For moderate concentrations of 
substances such as sodium chloride they are several times 'more accurate. 
Thus, from the data given in the tables of Landolt and Bftrnstein, the dis¬ 
sociations indicated for 1.0 JV solution of potassium and sodium chlorides 
are 80 and 94^, respectively, whereas our method gives 78 and '76%, re¬ 
spectively, in agreement with our results for the corresponding acetates, 
namely, 78 and 74%. 

A typical experiment showing only a few readings is quoted below, 
Table I: 

* ud Taylor, let, eu. 
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Table; X. 



Dew Point of 1.0 N Potassium Stearate at go’. 

Difference 

du»pj*arance 

Silver tab* 

Thermostat 

thermometer 

0 C 

Temperature 
lor mixtion 

0 C 

#9 43 

89 75 

90 OO 

90 OI 

(0 57 ) 

O 36 

89 68 

90 OI 

0 33 

0,36 

89.75 

90 OO 


89.68 

90 OO 

0 *2 


89 74 

90 01 


0 37 

89.68 

90 OO 

0 32 


89 75 

90 OI 


O 36 

89.69 

90 OO 

0 31 

0 36 

89. 4 

90 OO 




Mean, o 32 

0 36 


Final mean, ~o 19 0 

Thermometer error, o oq® 


Hence the rise of boiling point due to the soap is 0.20 0 at 90 ° and the 
total concentration of all ions and molecules is o 42 jV. 1 

Two other completely independent solutions me sured on different 
occasions and involving 18 readings gave elevations of 0 20 and o 205 
The thennometric error was obtained by carrying out similar experi¬ 
ments with pure water. It consists essentially of the ei ror in the calibra¬ 
tion of the thermometer, but any personal error is eliminated at the same 
time. With water the difference in temperature between the appear¬ 
ance and disappearance of the dew was only from o 01 to o 03°, instead 
of the 0.06° difference between the temperatures in the final columns 
of the above table. 


It will be noted that the first rough reading is usually neglected in taking 
the mean. An important practical point is a close inspection of the silver 
surface after the experiment, to see that it has remained quite clean. 

The solutions were prepared in silver tubes from Kahlbaum's best 
chemicals, employing all the precautions described in previous communica¬ 
tions The weight of palmitic acid required to ncutxalixe a known amount 
of sodium hydroxide in aqueous alcohol was only o 1' ' c smaller than 
the theoretical amount. Each concentration up to 1.5 ,V was prepared 
separately and at least in duplicate. Concentrations are riven invarfa- 

in^iooo g £ of water) 111 ' 11 ' 7 iTiUaiheT ° f gram ec l ui valent weights of soap 


w , Method of Calculating Dew-point Results, 

pure water thus7o r rr b d e - 1S - CD ° le< I ^ 61101,811 to form a !itUe dew the 

't“r ith1,5 T vipot - Tta ■*— 

euce to the standard tab es But thk 7 ^ Ttakxi b ? nStT ' 

1 Itwill . appn , “ ■ But thls va P°r also that which Is eahl- 

itwiU be seen later Uiat this is entirelvHi,r,„,s 

cmu-eiy aut to the potassium km. 
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bited by the soap solution present at the somewhat higher tempera tore 
of the thermostat. In other words, the difference in temperature be¬ 
tween the silver tube and the soap solution is the rise in boiling point of 
water at reduced pressure due to the substance dissolved in it. The rise 
predicted for a i .0 N solution of a crystalloid such as sugar, according to 
the familiar van’t Hoff formula RT*/s is 0.483° at 90°. Since the latent 
heat of vaporization of water is greater at lower temperatures, and T Is 
less, this rise is slightly less than the rise of o. 5010° expected in the ordinary 
Beckmann method at ioo°. The values of the constant taken for lower 
temperatures are: 70°, 0.414; 45°, 0.353°; 25°, 0.303°; 20°, 0.291*. 

Results calculated by the related formula 



gives a practically identical result. It is worth emphasizing both that 
these simple formulas are still approximately correct in surprisingly high 
concentrations, and that the osmotic effect is always somewhat greater 
than expected. Thus even in a 2.7 N solution of cane sugar containing 
about equal weights of water and cane sugar the error is still less than 
12%.' The euhanced osmotic effect is generally accounted for by as¬ 
suming hydration of the solute. Thus, in the case of cane sugar, the 
hydrate appears to contain 5 molecules of water to one of sugar. The 
point that is useful in the following is that the osmotic activity tends 
to be too great rather than too small. 

Experimental Results and Deductions from Them. 

I. In concentrated soap solutions the only crystaUoidal or electrolytic 
constituent is the potassium or sodium ion .—This means that nearly half 
of the current is carried by the negative colloid, which must be as good 
a conductor as an ordinary ion How this can be is explained later {see 
Section II). 

For convenience, we shall discuss one particular example first, taking 
for this purpose the measurement of the 1.0 N potassium stearate solu¬ 
tion recorded in Table I. This solution has at 90* an equivalent 
conductivity of 113.4 reciprocal ohms,* that of 1.0 N potassium ace¬ 
tate being 176.9 at the same temperature. It is evident that in this 
concentration the stearate conducts about */* as well as the acetate itself 
and that jt must, therefore, be recognized as an excellent conductor. 

We now pass to the quantitative evaluation of these conductivity data 
in order to arrive at the concentration of the potassium ton present. 

If the negative ion were an ion at all, the high molecular weight of the 
stearate radical would lead us to predict that the stearate ion would not 
* Tram, Faraday Sac., it, 39 (tgtj). 

' Tram. Cim. tog, 424 (1914). 
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vmHmamsi t as -well as the acetate ion (i 16 reciprocal ohms at go 01 ). In ac¬ 
cordance with the extensive knowledge we possess of the dependence of 
mobility upon molecular weight and chemical constitution we should pre¬ 
dict for the stearate ion a mobility at go 0 of about go reciprocal ohms. 
This, with a mobility of 188 reciprocal ohms for the potassium ion, would 
make the conductivity of potassium stearate 278 for complete dissociation. 
Using this result, the concentration of potassium ion is found to be 

Ht 

X i.o N = 0.41 .V. This equals the observed total concentration 

of aystalloidal constituents, 0.42 N, within the experimental error. 
Hence everything else, that is, the whole of the stearate, including what¬ 
ever carries the equivalent of this large amount of electricity, must be 
colloid and not simple impolymerized stearate of any sort. 

II. These highly mobile ionic micelles may be plausibly predicted 01 ex¬ 
plained on mechanical grounds.— The conception of these highly mobile 
heavily hydrated micelle, outlined above, was originated by McBain in a 
general discussion on colloids and viscosity held by the Faraday Society 
m rgr^. 2 It was put forward to remove one of the chief difficulties in 
interpreting the properties of acid and alkali albumens, since it reconciles 
their enormous viscosity with their quite good conductivity. 

Stokes’ law applied to a sphere of radius a moving through a liquid of 

viscosity i) may be expressed as follows- V = JL, where V is the velocity 

caused by the action of a force F. Perrin and others have shown that this 
kw applies to colloidal particles. In conductivity experiments the force 

* Z ChargC ° n thE bn Which is 96540 per 

char8e , could be varied without other alteration of the 

“ d -»a -r 

1 0n .^ £ other . haBd - a Eumbw of 10ns, say a dozen, were to coalesce 
the resulting particles would be driven by a force Pn „ Q 1 ,,, L - 

3K 55 

terbalanced by the effect of the m-M+i u would m practice be wan* 
the aggregate hi attracting ° SU * tiC P 0 *®** - <* 

such an aggregate would become a heaSf materia1 ' 50 «mt 

hydration would usually more than offW * ^ 

and the results would be a colloidal narf ^ . 6Xtra mobUit y expected, 
than a rather slow true ion Tbe^ yfoS? ° f SOm&wbsit lcs » mobility 
; Trans. Chm s oc , I0S , ^ bydratl0n for the enormoS 
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mechanical viscosity observed in atl the systems mentioned and also for 
its variation with the concentration of the constituents, etc. Such hydra¬ 
tion has been commonly deduced by workers in this field for other reasons. 

What is essentially new in the conception of a mobile micelle 
here presented, is the mechanism by which the micelle is built 
up round an aggregate of simple stearate ions which still retain 
their original electrical charges. In the study of such electrolytic 
colloids as the proteins it lias long been assumed that an ion could be 
colloidal or associated with colloidal matter, but that was chiefly because 
quite enormous values are taken for the molecular weights of proteins, 
and molecules of such bulk must be expected to behave like colloids. 
Only a relatively low conductivity has ever been ascribed to them.* 

III. In dilute solutions on the contrary the colloid breaks up into simple 
ions and simple undissociated soap. —On account of the limitations of the 
dew point method in dilute solutions o. 2 ,V soap solutions were the moat 
dilute measured. The result of measurements of potassium palmitate 
solutions of this concentration at 90° was as follows: Lowering of dew 
point ■=» rise of boiling point at 90 0 ~ o 12°. Hence total concentra¬ 
tions of all ions and molecules present = 0.25 X. Now the mojar con¬ 
ductivity of o 2 X potassium palmitate at 90° is 111 o reciprocal ohms.* 
If the conductivity at infinite dilution is 304, the concentration of potas¬ 
sium ious is o 072 N, if it be 278, the concentration is 0.0S0 X. Hy¬ 
drolysis does not affect this result by more than about *Ve, 4 and this may 
be neglected for our present purpose. 

Taking the second result, K «* 0.080 N, the concentration erf total 
crystalloids present being o 25 N, leaves a concentration of 0.25 — 0.08* 
0.17 N for crystalloids other than the potassium ion. The total un- 
dissodated soap is 0.200 — 0.080 =0.120 N. Thus, even if all the 
undissociated soap here is in simple crystalloidal form there is still a 
0.17—o. 12 — 0.05 N concentration of crystalloid to account tor, 
and this must be afforded by simple palmitate ions, since the hydroxyl 
ions have been shown to be only about o.oi N. The small balance of 
0.03 is all that can be colloid. 

Whether this relatively small amount of colloid is due to remaining 

> It Is a well known and striking: fact that many mechanical suspensions as weB as 
colloidal particles have an actual mobility in the electrical field comparable with that 
of so ion. This has not, however, been associated with high conductance, for it has 
been generally explained on the Helmholu conception of the shearing of an electrical 
double layer, water upon water, not on the possession of such high electrical charge a* 
we art here forced to recognise Thus high mobility has not meant high conductivity 
although both must be attributed to an ionic micelle.. 

* Tram Ckm. Sac., 103,428 (1914). 

* bid., 104, 966 (1914). Confirmed by unpublished measurement* of catalysts. 
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micelle or to neutral colloid will be discussed below. The point to notice 
&4fc»t:not more than a quarter of the undissociated palmitate, nor more 
ik*ai V» of the palmitate ion can be in colloidal form. If there be some 
otcach in colloidal form this amount has to be divided up between them 
ao as not to exceed a total of o. 03 N- 

It is quite clear that in 0.2 N palmitate solution the break-down of 
die colloid has gone moderately far, and that further dilution would rapidly 
complete it. In other words, we have a dear case of transition from col¬ 
loid to crystalloid in the same solution, depending only on the concen¬ 
tration, and forming a true, stable, reversible equilibrium in each con¬ 
centration. That a colloid can thus enter into true equilibria would ap¬ 
pear to be of great importance for the theory of colloids, 

IV. "Molecular weights" of typical solutions of potassium and sodium 
salts of fatty acids at po °.—Before further discussion a body of data may 
be presented for 77 typical potassium and sodium soap solutions giving 
the final results of measurements of the dew point carried out as de¬ 
scribed above. Almost every number in Table II and Table III is the 
mean of several such tables as Table I, carried out on independent solu¬ 
tions. Further results for concentrated solutions and other cases are 
given later. The total work done so far involves several thousand indi¬ 
vidual readings. 

Tablb II. 

Rise of Boiling Point at 90° for Potassium Salts. 


Weight 

normality. 

o.a 

0.75 

1.0 
1.3 
3.0 
3.0 


Cm 

•C 

O.io 
0,17 
o 19 
0.20 
0.16 
0.18 
O 23 


Palmitate, Myristate, 
C,». Cn. 

•c »C 

Laurate, 

c» 

•c 

Decoatc 

caprate, 

C*t 

•c 

OctoaUs 

caprylate, 

°C 

Hexoate 

cftptaatc, 

C# 

•c 

Acetate, 

Ca. 

•c 

O 12 

O 13 

0 15 

O 16 

O.17 

0 17 

0 l8j 

O 19 

O 23 

0 26 

0 31 

0-35 

0 38 

0 46 

0.23 

O 27 

0.30 

0 42 

0 48 

0.53 


O 24 

O 28 

0 32 

0 52 

0 60 

0 66 

0.86 

O 21 

0 25 

0.31 

(0 6j) 



O 27 

0 32 

0 48 

1 02 

(0 72) 






Table III 





Weight, 

■Mentality 

0.2 

O.i 

O.75 


Cn 

# c 
0 n 
O 18 
O 22 
O 23 
O 18 
0.19 
o 30 


Palmitate, Myristate, Laurate, 
fi!- Cti 

•c «C 


Behenate, ££ '» S"*"- Sdt. 

Ca 

C C 

O.09 

O II 
O.09 
o.u 


o 13 
O 20 
o 24 
o 25 

O 22 
o 50 
I 23 


O.I4 
0.74 
0.28 
o 29 
o 27 


Laurate, 

Co 

•c 

CaprjUte, 

C, 

*c 

Acetate, 

C. 

•c 

0.T5 

0 n 


0 28 

°-37 

0-43 

0 J3 

0 JO 

°-34 

0.62 

O.84 

0 33 




Any «w 
by 

O.to 

0.14 

O.jtt 
0.48 
0.7a 
0.97 
* 44 
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in mols per iooo g. of water. These are calculated as shown on page 435. 


Table IV. 

Total Crystalloids] Matter in Potassium Sait Solutions at 90°, 
Mob per 1000 g. of Water. 


Weight 

aecmsUty. 

Stwxatc, Pel curtate, Myriitatc, Laurate, 

Ci*. Cm, Co. Cm. 

Ceprete, 

Co. 

CapryUte, 

c». 

Cnpro&tc, 

Ca 

C*. 

0.2 

0.21 

0.2s 0.27 0.31 

0 33 

o-35 

0.35 

O 38 

0.5 

0 33 

0.39 0.48 0 54 

0.64 

O.72 

O.79 

0-95 

0.75 

0 39 

0.48 0.36 0.62 

0 87 

0-99 

I .ID 


t .O 

0.42 

0.50 0.58 0.66 

1 08 

1 .24 

l -37 

t.78 

1-5 

0.33 

0.44 0.52 0.64 

t 33 




2.0 

0.37 

0.36 0.66 0,99 

! 30 




30 

0.48 

. j.n 







Table 

V. 





Total Cryatalloida! Matter in Sodium Salt Solutions 

at 90°. 




Mols p«r 1000 g. of Water 




Weight 

nermelity. 

Bekca&tc, 

Cm 

Stearate, Paltnltate, Mynatate, 

Cta Cm. Cg* 

Curate. 

Cjg 

CaprryUtc. 

c. 

Acetate. 

C* 

0.2 

o.tg 

0.23 0.27 

O.29 

O 33 

O 35 


OS 

0.23 

0.37 0.41 

0.50 

0 58 

0.77 

O 93 

0-75 


0.46 0,30 

0.58 

0.66 

1 .04 


1 .0 

019 

O.48 O.J2 

0.60 

0 70 

1 28 

*74 

t 5 


O.37 O.46 

0.36 

0.68 


.... 

2.0 

0.2 3 

O.39 J.04 





30 


0 62 2 53 






Far better than any further discussion of the reliability and reproduci¬ 
bility of these independent measurements is a glance at a graph of the re¬ 
sults. Fig. a presents the directly observed dew-point lowerings plotted 
against the dilution 1 in liters as abscissas. The curves for the sodium 
soaps are only dotted in, for convenience of comparison. It is evident 
that the salts fall into two classes. From the acetate up to the caprate 
(Cj») the curves are regular, showing dissociation, although in the more 
concentrated caprate solutions the lowering only slightly exceeds that of 
an ordinary non-electrolyte. On the other hand, from the la urate (Cj*) 
upwards, each curve passes through a prououneed maximum lowering 
at about i.oN* and a definite minimum lowering again at 1.5 N. Above 
these concentrations the lowering rapidly increases again. 

It is worth while remembering that the stearate above 1.5 N is hardly 
a solution; t .5 N sodium stearate at 90" is a viscid gum. On the other 
hand, 1.0 N potassium laurate solution with a similarly shaped curve, 
is a dear oily liquid. The form of the curve Is thus definitely due to the 
constituents in solution, not to mechanical effects such as formation of 
1 The Maemtretkns are «n grama per leg. 

'The exact concentration is slightly higher than t.o N for the lower members, 
and slightly lower than so If for the bebeaate. Tfciaogreea with the previous work on 
conductivity published from this laboratory (Trans. Chtm. Sac., 105, 43$ (1914)). 
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gd or change of state. The effect is also not due to hysteresis, as is the 
case in the dehydration of certain gels, for it is independent of the age 
or method of preparation of the soap solution or -whether water may haw 
-been previously added or taken away. 

Fig. 3 presents the results in a wholly different form. Here the ratios 
of the lowerings to that predicted for the same concentration of any non¬ 
electrolyte, in other words van't Hoff’s factor i, are plotted against the 
dilution in liters. The curves for the sodium salts are dotted as before. 
The significance of these results is that they give directly, for each con¬ 
centration, the proportion of total crystalloids present, relative to that in 
the case of a non-electrolyte which is taken as unity, that of a completely 
dissociated binary electrolyte being 2. 

It will lie noted that the present consideration differs from the crude 
treatment almost invariably accorded to osmotic data whether in aqueous 
or non-aqueous solution, where the data are simply scanned for evidence 
of association or dissociation. The usual interpretation would be to 
jump to the conclusion that a 0.20 N potassium stearate or a 0.5 N 
sodium mvristate, for example, consists of simple undissociated mole¬ 
cules, a result which is of course irreconcilable with the conductivity, as 
in the case of many non-aqueous solutions. Similarly, a normal solu¬ 
tion of sodium or potassium palmitate would be regarded as being com¬ 
posed of undissociated double molecules, again irreconcilable with the 
high conductivity. It will be seen how the method developed under 
Sections I and III will probably clear up many otherwise unex¬ 
plained anomalies iu non-aqueous solutions where such cases constantly 
occur. 

The results cover a very wide range, from the ordinary highly disso¬ 
ciated electrolytes represented by the acetates, to the concentrated solu¬ 
tions of the behenate (C«) where the total amount of crystalloid, ionized 
and non-kmized, is only a tenth of the total concentration. The data 
for the behenate will Ire discussed in a separate communication in con¬ 
junction with other data. 

It is quite striking with what regularity the phenomena set in. The 
transition from any one type to the other is quite gradual as we ascend 
the homologous series. Again, the curves for each fatty add run in 
pairs for the sodium and potassium salts. Only in concentrations above 
1. s N do life potassium and sodium soaps diverge appreciably, although 
in every case the potassium salt solution am tains slightly more colloid. 
Tins last result had been already deduced from our study of conduc¬ 
tivity. 1 

V. In t .0 N solutions at po® the total colloid present equals at bast I$% 
in the cast of the kexoate, increasing to nearly the whole in the cases of the 
* Trans. Cheer. Sec., 105,433(1914)- 
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m*r soaps, but falling off rapidly on dM ^ J^n (K+ or Na + , 

*V md v the total amount of aystaltod m ^ J ated neutral 

simple soap urn such as pahmtate ion P . » £ conduc tivity measure, 

soap such as NaP). Next come to s^hum ions, 

merits which give the concentrations of th po _ 

(Tables VI and VII). The values taken for the mobiHi 

tive radicals are, behenate to laurate 90, ^P rat f 9? g ^ ap ^ a ’ d 

98, acetate 116, also sodium 139 and potassium 188 (.bee page 434 

also below. 1 ) 


Table VI 




Concentrations of 

Potassium Ion in Suita at 90 

Weight 

normality 

Stearate, 

Cu 

Palmitatp, 

Cu- 

Myristate 

Cu 

Laurate 

Cu 

Caprate 

Cu 

Capr^late 

O 2 

O 072 

0 080 

O 094 

0 103 

O 135 

0 145 

O 5 

O 205 

0 20? 

O 243 

0 262 

0 179 

0 2q8 

0 75 

O 305 

0 145 

O 366 

0 384 

0 399 

0 380 

I 0 

0 408 

0 446 

0 489 

0 S» 5 

0 521 

0 527 

I 5 



0 696 


0 728 

2 O 




0 88 J 


0 898 


Caproste 

Acetate, 

c# 

C«- 

O 140 

O U5 

0 310 

O 324 

0 416 

O 454 

O S ?3 

0 jBa 


0 800 


> OI 


Table VII 

Concentrations of Sodium Ion in Salt* at 90 0 


Weight 

normality 

Stearate, 

C,,. 

Palmltate 

La 

Mynstate 

<-54. 

I «urate 

C la 

Acetate 

C» 

O 2 

0 053 

0 079 

0 085 

O 099 

O UO 

0 5 

0 166 

0 195 

O 216 

O 239 

O W 

0 75 

0 272 

0 386 

0 324 

O 350 

O 409 

I 0 

0 386 

0 369 

0 403 

0 455 

0 512 

t 5 

O 553 

0 553 

0 543 

O 615 

O 664 


By subtracting corresponding values m Tables VI and VII from those 
in Tables IV and V, we arrive at the values in Tables VIII and IX, which 
give all crystalloidal constituents other than potassium or sodium ions. 
The remainder of the soap must, of course, be colloidal and the values 
for tins are given in Tables X and XI. 


Table VIII 


Concentrations of Crystalloidal Constituents other than K + at 90* 


Weight 
nor nullity 

Stearate, 

Ci*. 

Pal:nit»te 

Cm. 

Mynstate, Laurate, 
Cm. Ctr 

Cageate 

C*pr> late 

c*. 

Captoato. 

c* 

Aceuu. 

Ct 

O 2 

0 14 

O 17 

0 18 

0 21 

0 20 

0 23 

O 3K 

0 34 

0 5 

O 15 

0 19 

0 23 

O 28 

O 36 

0 43 

O 43 

O 63 

0 75 

O 08 

0 11 

O 19 

O 24 

0 47 

0 58 

0 67 

1 0 

l 5 

3 O 

0 OI 

0 os 

0 09 

O 15 

0 05 

0 n 

O 36 

O 72 

0 8j 

1 30 


in the early su^T ,9^ *“* Ub °” t * T 
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Table IX. 

Concentrations of CrjstflUoidal Constituents other than Na + at 90*. 


Weight 

acanUt? 

Stearate, 

Ci*. 

Myrotete, 

Co- 

Lautstc, 

Cm. 

Acetate, 

Ca 

o.» 

0,18 

O.19 

O 20 

0-23 

, . , - 

°i 

0 20 

0 22 

O.28 

O.34 

0 63 

0-75 

0. j8 

0. I 

O 26 

O 31 


1.0 

0.09 

O 15 

O 20 

O.25 

l .23 

• 5 

—0 20 

- 0 XI 

O 02 

O 07 



Table X. 

Concentrations of Total Colloid in Potassium Salt Solutions at 90". 


Wdffet 

normality 

Storatt, Palmlutc, 

Cu Cm. 

Myri stale. La tints-, Ca prate. 

Cm. Cu Cia 

Caprylate Caproatc, 
Ci CV 

Arelate, 
Ci 

0.2 

0.06 0 03 

O 02 

—0 01 0 00 

—0 02 —0 01 

—O 04 

0 5 

0 35 oi' 

O 27 

+0 12 O 14 

+0 07 +0 02 

—O 13 

0 75 

0 69 0 64 

O 56 

O 51 O 28 

017 0 08 


I O 

0 99 0 95 

0 91 

0.83 O 44 

0 28 0 15 

—O 20 

J 5 



1 55 



2 .O 



1 89 





Table XI. 




Concentration, of 

Total Colloid in Podium Salt 

Solutions at 90 ° 


Weifibt Stearate, 

normality U 

PmJmitete, 

L ta- 

Myn state. 

La orate. 

Cu- 

Acetate, 

C*. 

0 1 

0 02 

Cl OI 

O OO 

—O 03 


0 5 

0 30 

0 2 b 

O 22 

-fo.ifo 

—O 13 

0 75 

O S 7 ' 

O 54 

O 49 

O 44 


1 0 

O 91 

0.S3 

O 80 

0 75 

—0 23 

* 5 

(*, 7*>2 

1 61 

1 4 » 

* 43 

• •• 

It is 

necessary to pause again 

to consider the validity of this com- 


parison of osmotic with conductivity data. It is undoubtedly the case 
that the osmotic values are too high, presumably, as already mentioned, 
on account of hydration of the solute. The ebullioscopic method shows 
this particularly, for Beckmann, by this method, obtained values from 
sodium acetate corresponding to dissociations which actually increased 
from 78% in 0.25 A' solution to 95^ in 1.9 N solution. The apparent 
dissociations oi potassium and sodium chlorides pass through minima 
of 76 and 84% at about 0.1 N, rising to 89% for 2 .5 N potassium chloride 
and the impossible value of 106% for 2.1 N sodium chloride. 

The dew-point method is much more reliable than the ebullioscopic 
methqd since the latter measures only a very rough dynamic thermal 
equilibrium instead of a true static one. But even so, the dissociation 
deduced for sodium acetate from the conductivity falls short of the os¬ 
motic activity by ao to aj%. Even were this all due to hydration, 7 or 8 
molecules of water would have combined with the acetate and its tons, 
a not improbable result in the light of other evidence. 

On the other hand, the results of conductivity measurements are defi¬ 
nitely too low, on account of the retarding influences of viscoaitv on the 
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mobility of ions. The form which the viscosity correction should take 
is still a matter of speculation 1 but it follows from the present paper 
that those in use are not universally correct For example, the solu¬ 
tions often have their observed conductivities corrected directly by multi¬ 
plying these values by the ratio between the viscosities of solvent and 
solution, more usually a fractional power of this ratio is employed. The 
former is certainly the correction required by Stokes’ Law. But in some 
of the Soap solutions here discussed the viscosity is 1000 times greater 
than that of water, and it is i ery obvious that the high observed conduc¬ 
tivity cannot be increased even a few fold without exceeding 100% dis¬ 
sociation. The viscosity correction ought certainly to lie made in all 
solutions, but it is evident that its exact formulation has still to l>e ascer¬ 
tained. Even in viscous soap solutions the correction cannot lie very' 
large. It may be legitimate to tah< (he viscosity of the solution itself 
in a molecular, homogeneous, crystalloida! solution, but it must lie that 
of the intramicellar liquid in the case of a colloidal electiul\tc 

In the case of the acetates here measured the viscosities of 1 o A’ solu¬ 
tions of potassium and sodium acetates at 18" and 2-," exceed that of 
water by 26 and 39%, respectively \1 though this would be somewhat 
less at 90°, it is ample to account for any divergence between the con¬ 
ductivity and osmotic effect, but probably both ve-cositv and hydration 
each contribute a share 


We have seen then that the osmotic activity is certawK too great, 
and that conductivity data are certainly too small And ytt in concen¬ 
trated solutions of the higher soaps the osmotic effect i« not enough even 
for the sodium and potassium 10ns alone as dtdined front the uniduc- 
avrty. This is satisfactory in establishing the main thesis oi this paper. 

However looking at Tables X and XI, «e see that r 5 A' solutions of 
potassium laurate, sodium stearate and sodium palmiute give more col- 

Doinf^iT r* 1 * WhCn Cakulaled b > r ukm i' «« conductivity and dew 

IZd Trl n?° n - ? PenniSSible COfrCCtwU “ 

T7 dlrectl0n ' Thc obvk ” JS S» to admit 

CUlatl0n 0f 1116 conten tration of the sodium and 

2ST«;rj,rrs" Kl - s °‘“ tio :‘ s h «*££ 

that assumed above 90 mh^at^L ^ 3 H1 ° bU,ty even b * htr ****** 

s«me for StearaU> U n ***«*& U> as- 

(188 mhos). This could easily be eSeZflf ^ p ° tasailmi 

bon of the micelle m concentrated sofoST[ 7 dimnisbin S 

bon II. other evidence in suDnort J ,, 7 ' Tdu '% the data of Sec- 

< 3 tscussed below. (See SectionXTV ) ^ pkus,bie ^wnpUtm will be 
,ct O-« W 



SOAP SOLUTIONS AND THfilR CONSTITUTION. 


443 


The only alternative would appear to be the assumption of a positive 
as well as a negative micelle, to replace some of the potassium ion. How¬ 
ever, it is not in accordance with what we know of the behavior Of col¬ 
loids that two oppositely charged colloids should be simultaneously 
present in a solution.' 

On the whole then, the tables presented appear to be substantially 
correct for all dilute solutions, and in every case in Tables X and XI 
to indicate minimum values for the amounts of colloid present. 

The first point to notice is that every o. i N solution, from the caproate 
(C«) upwards, contains colloid. In the caproate only 15% is present in 
this form, while in the potassium stearate 99% i 3 colloid. This is in ac¬ 
cordance with former work from this laboratory, on appearance, washing 
power, density and conductivity.* The great increase in amount of col¬ 
loid i9 in passing from the caprate (Cm) to the laurate (Cu) which about 
doubles it. 

Again, in every case the amount of colloid falls off steadily and very 
readily with decrease in concentration. It appears to become inapprecia¬ 
ble as measured at o .2 N laurate; but since an error of 0 01 0 in the dew 
point is equal to 10% in the concentration in this dilute solution, it follows 
from previous work that some colloid is still present. 

VII. Only within certain limits can we at present allot the total colloid 
between micelle and neutral colloid. —What we have so far established is 
the approximate total amounts of colloid and crystalloid present and the 
existence of ionic micelles which conduct as well as ordinary ions; and once 
the micelles conduct much better in concentrated solution, the total 
amount of colloid in such solutions as given in Tables X and XI, is some¬ 
what too great. 

The next step is to attempt to allot the total colloids and crystalloids 
among the 5 constituents which are present in concentrations of at least 
0.01 N, namely sodium or potassium ion (given in Tables VI and VII), 
micelle, simple fatty ion, undissociated neutral colloid, and undissocia 
ted crystalloid. The results are given in Tables XII to XV according to 
each of 3 different assumptions. The upper figure in each case assumes 
that micelle tends to be formed much more than undissockted colloid, 
and so ascribes the total colloid to micelle as far as possible; the third 
mokes the opposite assumption and favors undissodated colloid at the 
exepense of micelle; the second allots the available colloid to both in the 
proportion of one fatty ion to one and a half molecules of undissodated 
soap This middle value is certainly not far from correct in the coacen- 

1 Bancroft think* Uu* potsibk {Trans. Amer. EiecSeochm. Soc., 97, 1&4 {191$)). 
It it, however, not worth while coaaidemt the question at any length for we expect 
to he able to decide it by experiment (tee 1 'ww. Ckem. Set., 103, w6 (1914). footnote). 

* Tram*. Clmm . Set., tag, +jj (1914). 
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Table XII 


Limits* of Concentration of Colloidal Constituents of Potassium Salts 


Wrljht 

fcaftMUty 

Stearate 

Cit 

Palmitate 

Cu 

Mynstate 

C M 

1 out ate 

Cm 

Cnprate, 

Cogrylotr 





Micelle b 




0 2 

O 06 

O 03 

0 02 

0 00 

O OO 

0 00 

O OO 


O 02 

0 01 

0 01 

0 00 

0 00 

O OO 

0 00 


0 00 

0 00 

0 00 

O OO 

0 00 

O OO 

0 00 

O 5 

0 21 

0 20 

0 34 

0 22 

O 14 

0 07 

O 02 


O 14 

0 12 

0 10 

O 08 

0 06 

O 07 

0 ot 


0 06 

O OI 

0 01 

O OO 

0 00 

O OO 

O OO 

0 75 

O 31 

0 35 

0 t7 

0 3 # 

0 28 

O 17 

O 08 


O 28 

0 26 

0 22 

J 20 

O 12 

0 07 

O 03 


0 23 

0 24 

0 ib 

O 14 

0 00 

u 00 

O 00 

I 0 

O 41 

0 45 

0 4Q 

0 S2 

0 44 

0 2b 

O IJ 


O 40 

0 38 

0 tft 

0 34 

0 18 

0 11 

O 06 


0 40 

0 40 

0 40 

0 17 

O OO 

0 00 

0 00 


1 ^ o 70 


o 62 


2 o 


02 o 00 0 00 

o 04 O 02 

o 06 0 01 

0 5 o 14 011 

o II o 19 

0 29 0 30 

0 75 o 38 0 29 

o 41 o 33 

o 46 a 40 

10 o 58 o 50 

0 59 a 57 

0 59 o 35 

1 5 


2 o 


O 75 

o 89 
o 7ft 
0 ?S 

Niutral Colloid' 
o 00 o 00 

o 01 o go 

O 02 —o 01 

o ooo 

O 17 +0 14 

0 26 o 22 

o 19 o 3 

O 14 o 11 

0 3 * o 17 

0 42 o 33 

0 55 O 51 

o 51 o 48 

o 85 
0 9 3 
0 80 

1 00 


<J 0 c 

0 00 

0 00 

0 00 

0 00 

~“0 02 

0 00 

0 00 

0 08 

+0 04 

0 14 

0 07 

0 00 

0 00 

0 16 

0 fO 

0 28 

0 17 

0 00 

0 00 

0 26 

0 17 

0 44 

0 38 


O 00 
—o 01 
0 00 
4 -c 01 
o 02 
o 00 
o oj 
o 08 
o 00 
o 09 

0.15 


>» a*rr bmg the largest Ufcfcb 

«tfa“ e ° d n ! Whldl * 1V « th * »«t P r;bab fc °^ 7 ; arlytOU « d i«^ t «tSS 

dissociated SO ap are agglomerated f ar tv .„ ^ ^ “to* a ^™c S that 1 3 aoj, of 

« ~ CUlated as wu ght normality of irria. m L” !/**** “ u<! tha * » *0 
This represents all the colloid other It 0mmt( " d PatonUtc im 

01 ^ Settled hv the dnt, ^ * *»*«* 
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trated solutions, and altogether gives the fairest general picture of the 
composition of all solutions. 

It will be noted that in some cases, especially where either colloid or 
crystalloid largely predominates, the concentrations are fixed within 
narrow limits; in some other cases these limits although definite are quite 
wide apart. 

Table XIII. 


Limits of Concentration of Crystalloidal Constituents of Potassium Salts at 90*. 


slit 

uonnality 

Stc«ur«te- 

Cn 

MyrUlatc. I.aurate, 
Cm C»4 Cu 

C * prate, 
Ct*. 

Cupful ate. 

Capra»t. 

Acetate, 

Ct 




Simple Patty Acid Ion 




O 2 

f* Ol 

O 03 

O 07 

0 JI 

0 14 

O 1$ 

O 15 

0.19 


0 03 

O 07 

O U8 

0 10 

0 14 

0 14 

0 14 

O OO 


0 07 

O 08 

O 09 

0 JO 

O 14 

0 14 

O 14 

O 15 

O * 

O no 

O OO 

O OO 

n 04 

O 14 

0 23 

0 ?9 

0 45 


<J 07 

O 08 

O I4 

O tH 

O 72 

0 27 

0 30 

O 00 


<> 'S 

O 19 

U 2 \ 

O 2 ft 

O 28 

O 30 

0 31 

0 32 

0 75 

O 00 

0 OO 

O OO 

0 00 

O 12 

O 22 

0 35 

O 00 


0 03 

O 09 

<> 15 

O l8 

O 28 

O 32 

0 40 

0.00 


O 08 

0 11 

0 10 

O .*4 

O 40 

O 39 

0 43 

0.45 

1 0 

0 

0 00 

O On 

O OO 

O 08 

O 25 

0 37 

0 78 


0 01 

0 07 

O 13 

0 18 

f> 54 

O 42 

0 46 

0.00 


0 01 

t> f>s 

O 09 

0 l,*> 

0 52 

O 53 

0 57 

0.58 

1 5 




0 00 




0 00 





0 08 




0.00 





0 05 




0.80 

j o 




0 00 




0 00 





0 13 




0 00 





0 11 




1.01 



Simple Neutral L’udissociated Salt 



o i 

0 n 

O 12 

O IX 

O JO 

O 06 

O 07 

O 06 

O.OJ 


0 09 

O IO 

O IO 

0 11 

O 06 

O 08 

0.07 

0.00 


0 07 

O 09 

0 09 

0 11 

O 06 

0 08 

0 07 

0.03 

O 5 

O 15 

O 19 

<5 23 

0 24 

O 22 

O 30 

O 19 

0,05 


0 08 

O U 

O ( K) 

0 10 

O 14 

O 

0 «8 

0.00 


O 00 

u 00 

0 CO 

0 02 

O OR 

O.13 

0.17 

0.18 

0 75 

0*08 

O 11 

0.19 

O 24 

O 38 

O.36 

0.33 

0.00 


i> 03 

O 03 

0 04 

0,06 

O 19 

O 26 

o.aT 

0.00 


0.00 

a 00 

0 00 

0 00 

O 07 

O 19 

o .*4 

0,30 

1.0 

J 0 01 

0,05 

0 09 

0 15 

C> 48 

O 47 

0.4S 

0.21 


0 00 

—0 oa 

— 0 .04 

—0 03 

O 33 

O 30 

O 39 

0.00 


0 00 

0*00 

0.00 

0 00 

O 04 

0.29 

OJ 3 

0.42 

*.5 


, . a 


*—0,0$ 




0.00 



‘ * 


—0.13 




0.00 


, . 



0.00 




O.T 3 

n,a 




4 o.u 

. . . 

, . , 


0.00 


, e. . 

. , V . 

*. . 

—0,6* 

.... 

> * . 

.... 

0*00 




, , , , 

0.00 
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T imin of Concentration 

Weiiht 
normality 


Table XIV 

of Colloidal Constituents of 


o.S 


o 75 


i o 


1 .5 


o 5 


o 75 


I 5 


Stearate, 

Ci* 


O 02 
O OX 
O OO 

0.17 
O 12 
O OO 

o 27 

O 23 
o 09 

o 39 
O 36 

O 30 

o 53 
o 68 
o 


Pal nutate, 

Cw 


M> nutate, 
Ci, 


Sodium Salts at 90 - 

AcaCkte, 


lju.it axe. 

Cu 


Micelle 


o 01 
o 00 
o 00 
o 20 
O n 
O OO 

o 29 

O 22 

o 08 
o 37 
o 34 
o 22 

O 55 
o 64 
o 66 


o 00 
o 00 
o 00 
o 22 
o 09 
o 00 

O 32 

o 19 

o 06 
o 41 

o *2 

O 21 

o 54 
o 79 
O 52 


—« o 03 
o 00 
o 00 
+0 16 
o 06 
o 00 
o 35 

o 17 
O 04 
o 46 

o 30 

O 21 

O 62 
O 58 
O 55 


O OO 
0.00 
o 00 
—o 03 
—0.05 
0.00 
o 00 
o 00 
0.00 
—o 23 
—o 09 
o 00 
o 00 
o 00 
o 00 



Neutral Colloid 



0 00 

0 00 

O OO 

0 00 

0 00 

0 01 

0 01 

O OO 

—0 03 

O 00 

O 02 

0 01 

O OO 

—0 03 

0 OO 

0 13 

0 oS 

O OO 

0 00 

0 00 

O l8 

0 17 

0 T3 

-fo JO 

—0 08 

O 30 

0 28 

0 22 

0 16 

-fo 13 

O 30 

0 35 

0 17 

0 09 

0 00 

0 34 

0 32 

O 30 

0 27 

0 00 

0 48 

0 46 

O 45 

0 40 

0 00 

0 52 

0 48 

0 39 

0 29 

0 00 

0 65 

0 51 

0 48 

0 45 

—0 14 

0 61 

0 63 

0 59 

0 54 

*3 

1 17 

1 06 

0 94 

0 81 

0.00 

1 02 

0 97 

0 69 

0 86 

0 00 

0 97 

0 95 

0 96 

0 85 

0 00 


Whatever assumption is made, the absolute concentration of simple 
fatty ion is seen to rise at first with concentration, pass through a max* 
imum and then nearly disappear, except that in extremely high concen- 
tration it may possibly increase again. The simple crystallcadal undia- 
sociated salt is similar but disappears rather more definitely. 

Some ionic micelle and perhaps some of the other colloid are present 
in moderate dilution, but the amounts rapidly and steadily rise with 
concentration tending towards about 7, oi the total soap in the form of 
micelle and the other 3 / s m the form of undissociated colloid. This is, by 
the wav. a frenuent annrnvfwofo .1 » #4* „ j 
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fatty add radical, as is shown by the analyses of precipitates and sedi¬ 
ments from soap solutions. 

Tabu; XV. 

Limits of Concentration of Crystalloids! Constituents of Sodium Saits at 90° 


Wrf*kt 

Stearate, 

Palnutate 

MyriUat* 

I.anratf, 

Acrtatc, 

wnnality 

C*a. 

C*. 

Li*. 

Cit 

Ci 



Simple Fatly Acid Ion 



O 2 

O 03 

0 07 

O 09 

O 15 

0 00 


O 04 

0 08 

O OO 

0 in 

O OO 


O 0^ 

0 08 

O 09 

0 10 

O OO 

0 5 

0 CJO 

0 00 

O OO 

0 08 

0 43 


0 05 

0 r*v 

O 13 

O IH 

0 35 


0 17 

0 30 

O 23 

O 24 

0 30 

O 75 

0 00 

0 00 

D OU 

u 00 

0 00 


0 04 

0 07 

0 13 

O l8 

0 00 


0 18 

0 21 

O 26 

0 31 

0 00 

1 0 

0 00 

0 00 

O OO 

0 00 

0 74 


0 03 

0 03 

O 09 

0 16 

0.60 


0.09 

0 15 

0 20 

0 25 

0 51 

1 5 

0 00 

0 00 

O OO 

0 00 

0 00 


-0 13 

—0 09 

—O .3 

0 05 

0 00 


'*0 JO 

— 0 11 

4-0 03 

0 07 

0.00 



Simple Neutral Undiseoaated Salt. 



O 2 

0 15 

O 13 

0 II 

0 10 

0 c* 


0 14 

O 11 

0 I! 

0 i\ 

0 06 


0 *3 

O II 

0 u 

0 15 

0 06 

0 5 

0 20 

O 22 

0 28 

0 26 

0 JO 


o 15 

0 15 

0 13 

O l(i 

0 18 


0 03 

O OJ 

0 06 

O IO 

0,33 

0 75 

0 18 

O 21 

0 26 

O 31 

0 34 


0 14 

0 14 

O *3 

0 13 

°-54 


0 00 

0 00 

0 00 

O OO 

0 34 

t .0 

0 09 

O *5 

O < 20 

O 23 

0 49 


**9,04 

O 13 

0 II 

0 09 

0.63 


0 CO 

0 00 

0 00 

0 OO 

0.7a 

I 5 

— 'O 30 

-e~0 II 

0 02 

0 17 

0 84 


— O 05 

— O 02 

0.27 

0 12 4 

0 84 


O OO 

O OO 

0 00 

O IO 

0.84 


The question now arises as to whether the undissociated colloid unites 
with tlie agglomerated fatty ions or whether, on the contrary, there are 
two independent colloids present, one highly charged aud mobile, the 
otter an ordinary colloid. The first view is certainly the mere likely 
approximation to the facta but the question cannot be decided by the ex¬ 
perimental data so far presented. 

VII. Some conceptions cf the ionic micelle. Various hypotheses as to 
the genesis of the micelle lead to nearly the same mult.— Various views may 
well be taken with remrd ro «•- *-*- - * 


JAMES W. McBAm AND C. S. SAJUMON- 


Stance, the simplest is to consider it as an agglomeration of palmitate 
ions, heavily weighted by water, a complex solvate- 

P^-wHjO. (i) 

The water sphere, collected round these enormous electrical charges, is 
inevitable as the collection of a droplet of water round an electron 
saturated water vapor. Probably some at least of the undissociated 
colloid would also join in (see below). 

This selfsame micelle can also be formulated thus 


(HP) n .( 0 H)*j->.(H J 0 ) - ^. (a) 

Here the assumption is complete hydrolysis of the palmitate ion followed 
by complete adsorption of the hydroxyl ions by the fatty acid. It is a 
question of taste as to whether such juggling attracts or repels the in¬ 
vestigator. We personally appreciate it more when it appears to repre¬ 
sent a difference in experimental result, not merely in words or even in 
standpoint. 

Bancroft, 1 in discussing the preliminary accounts of our data, which 
had appeared before the outbreak of war suddenly stopped our scientific 
work, says- “As I see the matter, the sodium palmitate is hydrolyzed 
and the hydroxyl ions are adsorbed to a great extent by the undissocia¬ 
ted palmitate and possibly by the insoluble palmitate acid also, though 
thrs seems less probable." The latter assumption is represented by For- 
ttmla 2; the former by 


leaving either « equivalents of insoluble palmititic acid or « equivalents 
n °f (insoluble aad salt ’ su y » NaHP h free in the solution. Ti e fori 

alternative of this pair for the solution is untenable since previous 
from this laboratory have shown conclusively that nalmitic a a ^ a ^ CTS 
exist in the free state in the presence of even tl Ill P aC ‘ d Cannot 
hydroxyl ion characteristic of all these solutions *° f btt 

would mean that our undissociatedTolS 1 1 J ^ aIternative 
onA vri; • - . ucea colloid as tabulated in Tahl« vrrr 

and XIV consists of msoluble acid salt such as v,h 7 1 . XI[ 

termediate between this and neutral NaV " ******** 

cannot adsorb hydroxyl ions too • ° ks at 0nce wb y NaHP, 

the two substances HP and NaP which " ic£<;rmedia te between 

Formulas a and 3 . P whK * “* P f0 P<*«» for this purpose in 

Much more important, however is tw n r 
looked the existence of hydrogen *»rb **" evid ® trtl y ovw * 

acid, of which hydrolysis’is ehher^ t o f lhl “ cetyl sulfonic 

arbitrary an assumption as tliat of a „~cr l questton or else becomes as 
with ions such as KOH, H~ 4 - HC 1 nvt + . bydn>,ysis °f Potassium chloride 
Reverting ^ « *-»0 + a*.*0. 


3 S 
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up around paimitate ions (or, if preferred, around other things adsorbing 
pahnitate ions) the following formula seems the most plausible, where 
all or nearly all the colloid collects to form the micelle: 

(NaP)..(P); < - > .(H^) m (4) 

which is the same as follows: 

(NaP),(HP),(OH)I ( ' ) (HiO)»_., (5) 

or 

(N aP)y-»(NaHP s ) (OH )S <- '. (H* 0 ). ( 6 ) 

The middle values given in Tables XII to XIV represent the micelle for 
the particular case: 

(NaP)j,(P)Ji' ) .(H» 0 ) Im - (7) 

The only argument that occurs to us for regarding adsorbed hydroxyl 
ion as the basis of the micelle is that it is in general comparatively readily 
adsorbed. However, a more than 90% adsorption in a highly concen¬ 
trated solution would differ wholly and remarkably from hitherto investi¬ 
gated cases of sorption. 

The formulas above present only a general scheme for the micelle. 
Their composition must alter continuously with the concentration or 
upon the addition of salts. Thus in very concentrated solution or in 
the presence of large amounts of another electrolyte such as sodium 
hydroxide (see below), the soap must be nearly all colloid of approxi¬ 
mately the composition 

xNaP.mHjO. (8) 

In other words, the question left open is as to whether in moderate con¬ 
centrations the micelle has Formula 4, corresponding to (8) less the sodium 
which has gone to form ions and plus the equivalent number of electrical 
charges on tire paimitate radicals left, or, on the other hand, has a for¬ 
mula such as (i) (where the value of * in Formula 4 has become very 
small). If the first is the case, the micelle alters gradually from (4) to (8) 
as the dissociation is driven back; on the second alternative, driving back 
the dissociation does not alter the composition of the ionic micelle so 
much, but replaces it by producing neutral colloid instead. Hot it must 
be remembered that in dilute solution simple, neutral, crystalloid*!, on 
dissociated soap does exist independently. 

With regard to the value of n, the number of negative charges on one 
micelle, it must be at least 10, and may be much greater. There the 
“molecular weight" of one ionic micelle must be nearly 3000 anyway 
since the true molecular weight of the paimitate ion is 355. Similarly 
the enormous molecular weights ascribed to various substances which 
occur only in colloidal form may be derived from the aggregation of com¬ 
paratively small molecules. 

VI II. The tfjftci of concentration <1 fm the wmte mktlU «o!i*** ( —-— 



JAMES W. MCBAIN AND C. S. SALMON. 


lions had not been studied. The results are presented in Table XVI, It 
was not considered necessary to correct the dew points for the effect of the 
partial pressure of the ammonia as it was evidently too small. 


Table XVI. 


Table XVI —Dew-Point Measurements on Ammonium Soaps 





Rise in 

Concentration 

V»n*t Hoff's 




boiling 

of total 

Soap 

Weight 
noon altty 

Temperature 

point 

• c 

crystalloid 

Af 

factor 

i 

NBU Laurate Cu 

1 0 

25 

O 37 

1 22 

t .23 

NH. laurate Cm 

O 5 

25 

0 |6 

0 53 

I 06 

NH. Laurate Cu 

O 25 

25 

O 00 

0 30 

X .20 

NH. Laurate Cu 

i 0 

45 

0 4: 

t 19 

x 19 

NH, Paimitate Cu 

t 0 

25 

a oS 

0 26 

O l 6 

NHr Paimitate Cu 

1 0 

45 

0 07 

O 20 

0 20 

NH, Paimitate Cu 

1 0 

90 

0 13 

O 27 

0 27 


In warm weather the A r and 05V laurates ".ere quite clear solutions, 
showing none of the usual appearances of soap solutions except that 
they gave a very good lather On cooling under the tap the o 5 A r laurate 
solution deposited featheiy crystal-like flakes; the X solution would not 
do this, but in very cold weather is set to a semi transparent jelly similar 
to a potassium soap. The o 2 A r paimitate was somewhat similar but 
the N solution was practically solid at all temperatures and resembled 
fine, white, solid foam. 

A glance at the results shows that, independent of the temperature, 
there is a very big difference between the two kinds of soap, very much 
greater than that observed in the potassium soap solutions. The total 
crystalloids are about twice as great for the laurates and half as great 
for the palmitates as compared with the case of the potassium or sodium 
soaps. An appreciable fraction of the total crystalloid will be undisso¬ 
ciated ammonia. 


Further investigation would evidently be well repaid, particularly if 
pure fatty adds be used for making the solutions and hydrolysis be avoided 
as suggested above. Enough has been presented to show that the rela¬ 
tionships here agree with our general conception of colloidal electrolytes. 

X. In mixtures 0} soaps the tendency is to form more micelle Additions 
of electrolytes exert opposing influences, dehydrating and driving back dis- 

C ° t mmerCial ^ *** mixtures - heace the importance of 
the study of mixtures, which must, however, be preceded by a knowledge 
of pure constituents. Our data for the conductivity 0 f mixtUsSuS 

■ H soap solution triucTt o 7, W T **'. Th “ * 

to myristate or laurate conducts at least oS f ‘ *“4 

013 at least 98 % as weD as the mean of * 
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pure o. i N solutions alone. 1 These concentrations are of course too low 
for the effect of the micelle to be observed. 

The usual tendency is for the conductivity of the mixture to be just 
slightly higher than expected, as appears from measurements recently 
published by Kurzmann, 2 working with F. Goldschmidt. In mixtures 
of 0.6 N potassium oleate with o. 2 N potassium laurate, he found an in¬ 
crease in conductivity above that of the constituents separately of 5% 
and 3.6% at 20 0 and 90°, respectively. Using 04 N oleate and 0.6 N 
laurate, the effect is an increase of about 4 r '<_ in the conductivity at 20 0 
but a lowering of about the same amount at 90 


Tabus XVII -Miscellaneous Dew-Point Results. 


Substance 

Weigh | 

nornuhti 

I wir per* lure 

a c 

Rm in 
bMliug 
point 

*C 

C odct n trat icra 
ol total 

(Tystallotd 

V 

van t Hoff *« 

i 

NaCI" 

O 

9 “ 

0 23 

n 48 

1 92 

NaCl* 

O S 

<K> 

*» 45 

n 93 

1 86 

NaCI* 

I O 

W 

0 85 

I 76 

l 76 

KC1* 

1 « 

t/O 

0 86 

> 7 * 

I 78 

K Caprylate (C«) 

3 

20 

l 01 

3 47 

I 16 

No Palmitate (C t( ) 

O 2 «j 

90 

0 14 

0 29 

1.16 

Na Palmitate (Cu) 

I 0 

90 

<* 25 

0 52 

0 $2 

Na Palmitate (Col 

I 0 

7 <> 

0 23 

0 56 

0.5b 

K Laurate (Cu) 

O 2 

20 

0 11 

O 3S 

1 90 

K Laurate (Cijl 

O 2 

90 

0 15 

n 31 

> 55 

K Oleate 

n 6 

20 

0 2 1 

O 72 

I JO 

K Oleate <C„-H.) 

0 

«*» 

0 25 

O SJ 

0 86 

1 Na Palmitate (C»«l 

1 K Palmitatr (Cut 

O 25 4 
n 2%, ’ 

OO 

u 2 1 

41 43 

0 86 

I Na Palmitate (Cul 

0 25; 


n 34 

17 JO 

1 55 

l NaCI . 

0 20 > 


( Na Palmitate (Cu) 

1 NaCI . 

10 1 

*» f 

<*> 

<> 49 

l Ol 

a 81 

1 Na Palmitate (Cu* 

1 NaOH 

I 0 

O 957 / 

<>• 

0 87 

I 80 

0 9.1 

/ K Laurate (Cu) 

\ K Oleate <Ci»-H,) 

O 2 

0.6 j 

20 

«» J $ 

*.*3 

1 .51 

I K Laurate (Cu) 

\ K Ofeale (C..-H,) . . 

0*1 
0.6 j 

OO 

n j f, 

0 74 

0 95 


* The sodium and potassium chlorides agree within the esperiroental error with the 
acetates. 

»a, 1 K C V Cornish, 1913, unpublished work 

*J. Kunmantt. Dissert. 1914, also Koiloid Ckrm. Beiktfu, 5, 427 (1914}. He 
finds the conductivity of o 6 JY potassium oleate to be nearly that we have found for 
potassium palmitate, but judging from the difference between his and our conductivity 
data the conductivity might possibly be nearer that of potassium m cristate (Ch). 
Our dew-point lowering is like that of potassium inyristate, Thus the effect of the 
one unsaturated bond is to lower the oleate which corresponds to stearate (Cit) hi the 
bcenologous series This screes with its other properties. 
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Table XVII contains a few measurements of the dew-point lowering 
of mixtures, including the first pair just cited. This mixture exhibits 
at go° a dew-point lowering of o 36° as compared with o 40°, the sum 
of the constituents taken separately. At 20 0 this is reversed, for the mix¬ 
ture gives o. 33 0 instead of o 3 0 calculated 
It is evident that several factors would he invoked. First would come 
the driving back of dissociation owing to the increase in total concentra¬ 


tion of the common ion. Second, another influence tending to form 
micelle is the opportunity for formation oi mixed ionic micelle, comprising 
both constituents Third comes the dehydrating effect which all crys¬ 
talloid mixtures must exert (see below) this will lie greatest when the soap 
is most crystalloidal, and will tend to diminish formation of micelle 
The solution in Table XVIII containing o 25 V sodium paimitale 
together with o 25 A potassium palmitate cries a lowering of o 21 


as compared with o 20 and o 19 ’ for o 5 A solutions of the pure con¬ 
stituents respectively, or with o 27°, which is the sum of the results for 
0.25 Af solutions taken separate!) 

lhc small experimental effea upon conductivity and osmotic activity 
when soaps are mixed does not preclude fairly extensive alterations in 
the equilibria involved and to be expected from our explanation. This 
cs illustrated by KurzmannV observations on the viscosity of the mix¬ 
ture of oleate and laurate we have discussed above Both at 20* and 
90 the viscosity is intermediate between solutions v>f tbe two constit¬ 
uents if taken separately but in the same total concentration. If „ ]Cre l v 

S thatT T Y the ViSC ° Sity ° f the m ' XtUre 3t *>• - ffuile the sum 
of that of the const,tuents, At 20°, however, the o 6 A' oleate alone has 

a viscosriy equal to 1573, the o 2 N laurate alone , t , the mixture t 
which ,s over 6 times the viscosity 0 f 0 8 A’ laurate 4 97 9 ’ 

t ” u e Ca f ° f v * uiana With ^trolytes. the influences are at least 

effect whi" every lowering^ tlZT' ^ thc de,, ^-‘ring 

these heavy hydrated miSle ?' * eXert u,d which 

will tend to diminish their formar^ be , CX f aord,naril >' sensitive. This 
viscous. Opposed to this is the 7 * ir* U ’ l " ake tlw solu,io1 ' less 

dissociation and which ultimately 2ts outii <lrivC baCk 

soap. In appreciably concentrated so! ^ STeater part " r a11 <’f the 
the observed osmotic results will tend to aT’ ^ ^ eXp!i,inecl - 

are, owing to the hydration 1 appear greater than they really 

The first effect discuss™) , ,, , , 

Goldschmidt and co-worker' 1 " ll,ar thr,, ugh the work of F, 

viscosity of o 23 !\r , (xl]1)m ‘J aKo 0 on viscosity. This 

' Loc eti ate 1S ,ower * d at 70° by about 10% 

' TmnS °'™ • W - ‘01, 147 
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when it contains 0.07 N sodium chloride; further addition rapidly in¬ 
creases the viscosity above this minimum to values many times greater 
than that of the original soap solutions. The explanation given at the 
time by Farrow recognized this as a general property of colloids (the illus¬ 
trations cited were really colloidal electrolytes) and likewise attributed 
it to dehydration, but he discussed it from the now rather discredited 
standpoint of the emulsion theory of colloids. The second effect is also 
clear from the ultimate salting out. 

Both effects will lie most pronounced when there is most micelle and 
when the micelle is most hydrated. On turning up Kurzmann’s data 
we found as expected, that the dip in viscosity was greater for oleate 
and less for laurate, that the subsequent large rise in viscosity occurred 
sooner when adding electrolyte to oleate than to laurate, that both mini¬ 
mum and subsequent rise requires more addition at higher than at lower 
temperatures where wc consider hydration to be greatest. In the case 
of the ammonium soap from palm kernel oil the second effect appears 
to over-ride everything else when ammonium chloride is added. In 
the cases in Table XVII, the dew point lowering of the mixtures with 
o 20 and o 25 A' sodium chloride exceeds the sum of the constituents 
by an amount o 01 °, within the experimental error. On the other hand, 
with stronger solution, namely o i .V sodium palmitate and o 93 sodium 
hydroxide, the observed lowering of 0.87° exceeds that of the alkali 
alone by only 0.05° instead of the o 25° which the palmitate alone would 
produce. Here it is evident that the palmitate is already largely pushed 
back into undissociated soap or that the micelle is tending towards Formula 
8, that is, undissociated neutral soap as discussed above. Data on this ques¬ 
tion will be contained in another communication from this laboratory. 

XI. At lower temperatures tiiere is more micelle and it is more hydrated .— 
As can be observed even from the data of Table XVII, in every case the 
apparent osmotic effect is relatively somewhat greater at lower tempera¬ 
tures, but this will Ik- dealt with in a separate experimental communi¬ 
cation. 

However, it is worth pointing out that the very high temperature 
coefficient of conductivity which we have established in earlier papers and 
which has also been formed by F. Goldschmidt and others, is apparently 
dpe to hydration increasing as the temperature falls. This is strongly 
supported by the enormous increase in viscosity with lowering of tempera¬ 
ture which has been measured by F. Goldschmidt and his collaborators. 

On heating a soap solution to a constant high temperature, the lowering 
of dew point is at first slightly too great, but it rapidly falls to a constant 
value. On cooling the opposite is observed. Similarly, in an earlier 
paper from this laboratory, the conductivity of a sodium soap suddenly 
raised to a higher temperature is at first slightly too great and vice versa 
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XII. Some data for extreme concentration .—Table XVIII presents the 
dew-point lowering and the vapor pressures of sodium palmitate solutions 
measured to quite extreme concentrations Up to o 5 N solutions the 
data are found in Table III. There each solution was made up inde¬ 
pendently, maximum lowering being observed in 1.0 ,V solution, a mini¬ 
mum in 1.5 N solution. Owing to the great difficulty in preparing and 
handling these ‘'solutions,” the higher concentrations were attained by 
pumping out the water vapor through weighed tidies containing calcium 
chloride. The amount of water remaining in the soap solution, and hence 
the concentration, was determined sometimes b\ direct weighing, some¬ 
times by weighing the calcium chloride tubes, sometimes, by both 
methods. The table combines 4 senes of measurements. In every 
case time was allowed for the vapor pressure to become constant 
(usually one hour was found sufficient for this) Addition of small amounts 
of water proved that the operation was quite reversible Using a good 
water pump and keeping the soap at 90 0 for muiy hours, the propor¬ 
tion of water never was reduced below H ,0 NaP — t 1 In 2 3 weight- 
normal solution (24 mols of H-O to one of NaP) small star-shaped clus¬ 
ters of crystals appeared on the side of the tube, the bulk of the soap 
was silky, resembling o 2 N sodium laurale, and would not foam easily. 
On further evaporation these crystals disappeared, the soap became more 
liquid and foamed more readily, but ultimately liecame more solid again. 
The fourth and fifth columns of Table XVIII have probably no real 
meaning but assist in appreciating the order of magnitude of the results 
and in showing that the lowering finally becomes proportional to the 
weight normality. 

Table XVIII 


Dew-Point Lowering of Extreme Concentrations of Sodium Palmitate at 90* 


Weight 

normality 

Mols 

HlO Lo 
i Naf* 

I owning 

°C 

I 

5 

36 

65 

O 

2 2 

I 

62 

34 

27 

O 

27 

I 

74 

3 i 

89 

O 

33 

I 

9 

29 

21 

O 

40 

2 

0 

27 

75 

O 

50 

2 

4 i 

23 

02 

O 

86 

3 

.0 

18 

49 

t 

2 3 

4 

22 

13 

15 

1 

32 

8 

12 

6 

83 

2 

64 

12 

56 

4 

42 

4 

26 

H 

29 

3 

88 

4 

l 2 


Concern ration 

r#n I Hof? • 

Actual 

vapor tension 

of crystalloid 

» factor 

Mm 

0 455 

0 30 

521 9 

0 56 

0 35 

520 6 

0 68 

0 39 

5*9 4 

0 8j 

0 44 

Ji« « 

1 04 

O 

5 >6 • 

1 78 

O 74 

5091 

•> 55 

0 85 

J<>« 9 

75 

0 65 

JOO 3 

5 +8 

0 67 

475 4 

8 82 

0 70 

446-5 

9 77 

0 68 

438 6 


tmy be suck as Congo red 

final theorv of ow:_ ha e for many years insisted, *ny 
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derstanding the properties of dyes, acid and alkali albumens and many 
other complicated cases. 

According to the theory of colloidal electrolytes here presented, in every 
case we expect to find pronounced electrical conductivity co existing with 
deficient osmotic activity. 

All recent work on the osmotic activity of dyes has l>ecn based upon 
the use of an osmometer The results require much interpretation on 
account of various factors such as Donnan's “membrane equilibrium" 
which may completely obscure the purely osmotic effect in question. It 
is a distinctive advantage which our dew-point measurements on soaps 
possess, that all such complications are excluded. This is the reason why 
the present data constitute by far the most definite study yet made of 
the osmotic pressure of colloids. 

The work of Donnan and Harris, 1 in agreement with that of Bayliss- 
and Biltz and Vegesack, 1 shows that the osmotic pressure of Congo red 
is considerable, but does not exceed that of a simple non-electrolyte 
On the other hand, the conductivity was unexpectedly high, being nearly 
equal to that of sodium chloride. Donnan’s interest was chiefly attracted 
to the important theory of membrane equilibria, which he thought might 
lie sufficient explanation of the discrepancy, since the sodium ions were 
not expected to contribute in the ordinary way to the osmotic pressure. 
He discussed the formation of high complexes sucli as (NaaR)io . 1 ,.^ 
JoNa +■ (NaR)ju, but added, “it is difficult to reconcile such an assump 
tion with high values obtained for the molar conductivities." The ex 
plarmtion we advance is that described under Section II. 

On the other hand Bayliss,* whose paper, unfortunately, we have only 
recently read, writes, after making various alternative suggestions, "Th< 
possibility of aggregated simple ions carrying the sum of the charges of 
their components is suggested in order to explain the experimental re 
suits." Further, "These large organic ions may aggregate while retain 
mg the combined charges of their components. This seems to imply 
however, so great a density of the charge on the surface of the aggregates 
as to be improbable. * • « * « The difficulty as to the largt 
charge on the aggregated anion remains ***** it may be tenta 
lively suggested that aggregation of molecules may play some part in 
the mode of ionization." 

Again, the mechanism 4 suggested by one of us removes the thcoretka 
difficulty, and this hypothesis reconciles the osmotic effects, the cotloidi 
effects, and the conductivity data. 

1 Trans. Ckem Sot , 99, 1554 (1911) 

* Troc Roy . AW., 15 , 84,129 (1911) and earlier papers. 

* Z. pkysih. Ckem., 73, 481 (1910); 77,91 (1911), etc 

* Lot cil. 
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The existing data for other dyes and for indicators are af a similar 
nature and may be similarly accounted for. Many of the unexplained 
reactions of indicators, particularly with reference to the sometimes 
enormous effect of neutral salts, are now seen to be probably due to dis¬ 
turbance of the equilibria between colloid and crystalloid and hence be¬ 
tween the various possible crystalloidal forms of the indicator radical. 
We have proven that such true equilibria 'iccur, and that every change 
in the colloid, conditions a corresponding alteration in the position of 
equilibrium. 

XIV. The explanation here advanced accords with the data for proteins. 
Very slight alteration in concent?at<on may condition large displacements 
of the equilibria —In 1913, in a general discussion held by the Faraday 
Society, W. Pauli summarized the data hitherto obtained relating to in¬ 
vestigations of the viscosity and electrochemical properties of protein 
solutions 1 and deduced a heavily hydrated polyvalent ion. McBain 
pointed out how the outstanding conflicting data were reconciled by the 
explanation advanced in Section II. Reterence must be made 


to the papers cited for the details ol Puuu masicriy ____ 

far these investigations have already been earned A j»int of gTeat in¬ 
terest for the case of soap solutions may, however, be mentioned; that is, 
the effect of concentration upon equilibria involving micelles. Manate 
and Matula. working with Pauli, have re-examined electrometricaJIy 
the combination of albumen with each ion of hydrochloric acid 1 The 
dilT r R ' n “ betweetl the counts of hydrogen and chlorine 
Sowing “ P y * ^ ” ° CCUrS at about 0 N 'h>drocliloric acid 

wrZ“ m ti0U ° f ionized salt - Tbis maximum coincides 
with maMmum viscosity and maximum osmotic effect in an osmometer 

STemer^ * ^ «** —t.on wS 

t 1y what is to ** cxpccu,d 

never ap p j y in quantitative form but ”*** aCt, ° D ^ pr ° bably 

or at least qualitative value Thus in t ^"'quantitative 

and its ions where A renresent* n ' n. ^ equjhbniu11 l *tween albumen 
ample the micelle to be decavalet rad,Ca! ' supposing for ex- 

? “‘r- - a. <»*. 

mkli aVe the Very great effcct f wnd by Palli X may quitc 

micelle exactly simile, doubli „ J 1 aub ' . Uerc «« case of the soap 

palmitate solution should have an extre^ ° f “ y a °-3 N sodium 

■ Farad °ySoc., 9 , 54 and r ^ ey f rCat< ^ Cct W1 the dmoda- 
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tion of the electrolytic colloid. This, however, is not observed (see Tables 
VII, XIV and XV). We must conclude that there is some partly com¬ 
pensating factor, and the obvious suggestion is a difference in amount of 
hydration of the palmitate micelle as the concentration increases. This 
had already been deduced in Section V on quite different grounds. 

We should like to point out that in the case of most ions and of ionic 
micelles in general where there may be a series of solvates containing up 
to many molecules of solvent in one particle, a similar consideration must 
apply. That is, even the very small relative lowerings of vapor pressure 
of solvent observed in ordinary solutions must exert a large influence on 
the composition as well as upon the amounts of each solvate present. 
For example, if the solvation of lithium ion is, say, 10 molecules of water in 
oi N salt solution, for which the vapor pressure lowering is about 0.3%, 
doubling the concentration of the salt nearly doubles the vapor-pressure 
lowering, making it, say, o.6 f ). This altered vapor pressure has to be 
raised to about the tenth power according to the mass law in order to com¬ 
pute its influence on the solvation of the decahydrate. The tenth power 
of 99.4 r i is 94.2 ' "< ] therefore, the equilibrium will be shifted so that 
alKiut 6') of the decahydrate disappears owing to this cause. This result 
is not affected by any other possible co-existing equilibria with, say, nono- 
or octahvdrate. and it is a very large effect. We hope to return at an¬ 
other opportunity to the bearing upon the dissociation theory of this sug¬ 
gestion for a solvate theory. 

Pauli, in correspondence with one of us in 1914, expressed his concur¬ 
rence in the general explanation of colloids which we have described it 
the present communication. Apparently he has applied it to the cast 
of sols of ferric hydroxide, 1 finding them to consist of a moderately disso¬ 
ciated electrolytic colloid with chlorine ion as anion and an ionic micelh 
as cation. If our explanation is correct, there will almost certainly be < 
gradual transition from typical ionic micelles to ordinary" ions, on the on< 
hand, and to electrically neutral suspension colloids on the other. 

Summary. 

1. For the first time a comprehensive theory of soap solutions ha: 
been set up. 

2. This has led to a definition of colloidal electrolytes, a class whoa 
members will probably prove more numerous than acids and bases pu 
together 

3. These colloidal electrolytes arc salts in which one of the ions has beet 
replaced by an ionic micelle. 

4. It is evident that this is on extension of the dissociation theory, it 
that there is a gradual transition from ordinary electrolytes (true salts 
and complex ions to typical colloidal electrolytes. 

1 Koiloid-Z., si, 45-63 (1917); through J. Chtm, Sec. Abt., ti», II, 563 (1917!. 
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•$. This is exemplified by any one of the higher soaps simply on change 
of concentration. Thus in concentrated solution there is little else present 
than colloid plus cation, whereas in dilute solution both undissodated 
and dissociated soap are crystalloids of simple molecular weight. 

6. Similarly, there is a continuous transition from tvpical colloidal 
electrolytes through slightly charged colloids to typical neutral colloids. 

7. For the summary of the chief proper! ies of the soap solutions, 
reference should be made to the numbered statements used as headings 
in the present paper These follow from the mass of tiers point data here 
presented, by which Krafft's well known but erroneous results for "molec¬ 
ular weights” of soaps arc at last superceded 

8. The ionic micelle in the case of soaps exhibits an equivalent con¬ 

ductivity quite equal to that of potassium ion Ils torniula may corre¬ 
spond to PJ h «HiO but more probably it is P*' .(HjO)„, 

where P~ is the anion of the fatty acid in question 

In conclusion, we desire to express our thanks to the Colston Society 
of the University of Bristol for substantial grants towards the purchase 
of materials and apparatus. Finally, our thanks are due to Miss M. E. 
Uing for her assistance in preparing tins paper for publication, without 
which its appearance would still have been indefinitely delayed 

Bristol, Ekohmd 
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from dilute solutions by electrolytes and colloids 2, The effect of elec¬ 
trolytes on dilute clay suspensions. 3 The effect of silicic acid on the 
coagulation of clay suspensions in the presence of electrolytes. 

Precipitation of Silicic Acid. 

Silicic acid is not precipitated from a solution containing 184 parts per 
million of silica by solutions of sodium chloride, sodium carbonate, 
sodium hydrogen carbonate, sodium sulfate, potassium sulfate, trisodium 
phosphate, magnesium hydrogen carbonate, magnesium sulfate, barium 
chloride, calcium chloride, aluminum sulfate, ferrous sulfate, ammonium 
sulfate, ferric chloride and aluminum chloride, when present in a concen¬ 
tration of 0.07 N, but is precipitated by sodium, calcium and barium 
hydroxides and colloidal iron at a concentration of 0.099 AT, 0.0019 AT, 
0.0019 N and 0.0045 AT, respectively. 


Temperature Ca. n * Time, j minutes. 


c.. 

S. 


N cose. 

5 S 

0 18 

NaOH 

0.099 

0 6 

O.018 

CafOin, 

0.0019 

0 4 

0.026 

BafOH), 

0 0019 

2 6 

(0 6 mg.) 

colloidal J'e 

0 0045 


These results indicate that bivalent ions have a precipitating value 50 
times that of monovalent ions. Trivalent ions from the formula 1 : x:x* 
should have a coagulating value ot 2500 times that of the univalent 
and 50 times that of bivalent ions. Qualitative experiments with more 
dilute solutions indicate that the ratio !>etween bivalent and trivalent 
to In- about one to four. The more dilute a solution, the less marked 
is this precipitating effect of the cations. 

Very dilute solutions- -30 or 40 parts per million of silica—are not 
precipitated by sodium hydroxide and rather high concentrations of 
calcium hydroxide relative to silicic acid are necessary to obtain a precipi¬ 
tate within 6 hours. At these concentrations the reactions may be ionic 
and precipitates of calcium silicates may Ik- llirowu down. Since the 
hydroxides of calcium and barium precipitate silicic acid, it is desirable 
to know the effect of added univalent and bivalent ions upon the amount 
of calcium hydroxide needed. 

To 5 ce. of a dialyzed silicic acid solution, containing 625 parts pel 
^million of silica, there was added 0.5 cc. of a o 1 A 7 solution of the above 
electrolytes and the silicic acid precipitated by the addition of calcium 
hydroxide. l*recipitation resulted when o 3 ce. of calcium hydroxide wai 
added to solutions of barium, calcium, magnesium, iron and aluminum 
more than this being required in all other cases. The result was not in 
fluenced by sodium chloride at these concentrations. It is evident tha 
the precipitating value of the cation depends upon its valence and tha 
the hydroxyl has some influence. 
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Accordingly the concentration of the hydroxyl ion necessary before 
silicic acid is precipitated by calcium hydroxide from its solution in water 
alone or when any of the salts mentioned above are present, was deter¬ 
mined and found to correspond to between a Pn’ of 8.6 and 9.5. Silicic 
acid may act as a buffer in the manner of large complex organic mole¬ 
cules because there appears to be little relationship lietween the normality 
or alkalinity of the solution and the concentration of the hydroxyl ion. 

The optimum conditions, according to the theory of coagulation, for 
precipitation of negatively charged silicic acid, should be - (i) an amount 
of trivalent cations or positively charged colloids sufficient to neutralize 
exactly the negative charges; (2) a minimum amount at univalent cations, 
protective or stabilizing colloids and (,y the same P n v alue ns that at 
the iso-electric point Just what conditions must be defined in order 


to locate the iso electric point, have not been discoveied. l'lctnining’ 
designated it in terms of normal!t\ of the solution, but it seems preferable 
to express it by the concentration of ti c hydrogen am 
Since the above tests indicate that the optimum value i'01 the pre¬ 
cipitation of silicic acid is approximate!) 9 u. tin maximum amount of 
silicic acid ought to be removed when the teaetiuti is carried nut at this 


point, and in order to determine this value more accurately and in the 
absence of bivalent cations, aluminum hv droxidt was precipitated in the 
silicic acid solution by sodium hydroxide and aluminum chloride, and the 
relationship observed between the removal of silicic acid, the concentra¬ 
tion of the hydroxyl ion and the character of the precipitate. 

The acid was prepared by bringing the solution of sodium silicate to 
a P H value of 6 5 by the addition of hydrochloric acid. This solution 
contamed 4 mols of silicon dioxide to one mol of sodium chloride. Two 
utions were used 87 and 232 parts per million of silk on dioxide. To 
the sihcic acid solution were added water to produce the proper dilution, 

^ “l H e ^ 01 N S<Ki,U ”' ''v-lroxide solution, which 

as added drop by drop with constant shaking. After shaking at fre- 

Xte The l “ StandlUC 48 ,lours ' the 'Action was practically com- 

tl ‘ r^ CrEd Si!idr "** determined in L fil- 

mum chloride sil ri m / re " p,tatin K a .solution of alum- 

lh “ l “■ *■— - —w 

“r* 1 ,he r-«- ““ ““ krfly 

wha, , u r“' h ,s vt r- ailEcuii to si,„ 

flocked and settled quickly frrm Whe " the Precipitate is well 

■Detenninedbythe lll, ^ ^ich exhibited little 
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Tyndall effect. In the absence of silicic acid a flocculent precipitate of 
aluminum hydroxide was produced in a dilute solution of aluminum 
chloride by 0.1 N sodium hydroxide solution or in a dilute solution of 
sodium hydroxide by 0.0003 ,V aluminum chloride regardless of the man¬ 
ner of adding reagent or presence of sodium chloride. If the above solu¬ 
tion contained 87 parts per million of silica as colloidal silicic acid, on add¬ 
ing o.J N sodium hydroxide drop by drop, a precipitate formed at the 
end of one hour, depending upon the amount of aluminum chloride in 
the solution, but if an equivalent amount of 0.1 .V or stronger sodium 
chloride was added all at once no precipitate formed. The later solution 
showed a very strong Tyndall effect and gradually deposited a small 
amount of very fine precipitate. One solution was made from which 
very little precipitate settled at the end of a month. The same effect 
was produced when sodium hydrogen carbonate or carbonate was used 
instead of hydroxide. 

With calcium hydroxide an excellent precipitate formed regardless 
of the manner of adding the reagent. There are evidently some com¬ 
plex substances formed under these conditions, which are intimately 
connected with the sodium ion and the silicic acid. Perhaps Che silicic 
acid in the presence of sodium ions is acting as a protecting colloid pre¬ 
venting in some manner passage of aluminum hydroxide from the col¬ 
loid into the crystalline condition. In any event, the importance of this 
fact is quite valuable in obtaining well flocked precipitates. A high ratio 
of silicic acid to aluminum tends to produce colloidal solutions while the 
reverse ratio produces nicely flocked precipitates. The magnitude of 
tit Tyndall effect is inversely related to the removal of the silicic acid 
and the character <>f the flock or precipitate. 



Pi*. «.—Comparison between the value, the precipitation of silicic acid and the 
•mount of AKOHh in the solid phase. 
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Thus in plotting the curves, Fig. i, Table I, only the higher concentra¬ 
tions of aluminum salt are used; the lower values are inaccurate because 
of the formation of colloidal solutions. There is shown in Fig. / a third 
curve, obtained by precipitating the aluminum with ammonia m the 
absence of silicic acid. 

Table I. 

Removal of Silicic Ac.if by Aluminum Hydros id* of Various Hydrogen Ion Con- 


Ttiupcralurc tfl.: 


Mi lie qui valent* 

of Al 

JnO* 

precipito tf< l 

8 7 3 

73 

8 73 

79 

8.73 

79 

73 

7-1 

8 73 

0 

5-82 

0 

5 «■ 


5 . 8 .’ 

<>5 

5.82 

38 


“ Concentration of SiOj is 87 parts 


j”. Time, 48 hours 


StCh 

111 solution 


*4 

6 X 

8 

7 S 

8 

8 0 

13 

9 <* 

*7 

m o no ppt. 

78 

«i 2 ct Uoida! 

24 

7 

jj 

3 2 colloidal 

49 

9 .5 


million 


A study of data and curves indicates (1,' that silicic acid is iresl precipi- 
tated at a P„ value of 8 o to 8 5, (2) that the amount of silicic acid pre¬ 
cipitated follows closely the amount of aluminum hydroxide in the solid 
phase, and (3) that below a P n value oi 4.0 the concentration of the 
hydrogen ion shifts the reaction so far to the right in the equation: 

H+ + AlOr + HjO tip. Al((JH)j A 10 + +*T Ho 4- H.O, 
and that above a P„ value of 11 .o so far to the left thaf the solid alum¬ 
inum hydroxide phase is unstable and disappears 
In the region lie low these curves the tendency to form colloidal solu¬ 
tions is quite marked and the gelatinous nature of the precipitate and 
the magnitude of the Tyndall effect generally i dries inversely with the 
amount of aluminum ions added to the system and directly as the hydro¬ 
gen ion concentration departs in either direction from a value of 8.25. 

The precipitation of silicic acid by aluminum sulfate may probably 
be explained by (1) the neutralization 0/ the charge on the silicic add 
complex by the aluminum ion, (2) by the neutralization „{ the negatively 
charged sihcw acid by positively charged aluminum hydroxide, (1) by 
he solid aluminum hydroxide adsorbing the silicic acid or ( 4 ) by the 
formation of an insoluble chemical compound. ' 

Tte Coagulating Action ol Blticttol*., on Cta, Suowaaloa,. 
ing to the following equation: * ’ Zy aCCOTd “ 
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Ca gel -f- Na»COi «■ CaCO» 4 - Na« gel 
or 

Ca gel + Add = Salt + Hj gel 

Much valuable information is available in the ceramic researches an the 
action of salts on clay suspensions. The work of many investigators 
on clay slips (a suspension of clay in water whose consistency is that of 
thick cream) indicates that sodium, potassium and lithium hydroxides, 
carbonates, silicates and sulfides generally have a high dispersive or stabil¬ 
izing power while the most active coagulating agencies are the salts 
of the bivalent and trivalent cations especially in the presence of a 
high concentration of hydroxyl ions 

The above agrees with the statements of Mayer, Schaffer and Terroine' 
that the addition of a trace of alkali decreases the size of the negative 
suspended particles and Hardy’s conclusions that the coagulation of a 
negative sol varies directly as the valence of the cation and that the action 
of the anion obeys the regular ionic laws 

The above observations were obtained from rather concentrated clay 
suspensions where the ultimate end was the formation of a stable fluid 
slip of the highest clay content. In water purification, on the other hand, 
the aim is the removal of a very small amount of colloid material from a 
large amount of water. It is dearly evident from a study of dilute day 
suspensions and colloidal silicic acid that the physical state of the sub¬ 
stances and their chemical properties must be taken into consideration, 
and the factors which influence them. i. e., (1) degrees of dispersion, (2) 
the presence of the protective colloids and adsorbed substances, (3) magni¬ 
tude and kind of electric charge, (4) the liquid or dispersing medium, (5) 
the ionic content of the liquid, (6) the concentration, (7) the temperature 
and (8) the speed of reaction of added substances. 

Washed potters clays were used in making the suspensions. Tennessee 
ball clay Nos. 1 and 3 remained longest in suspension. Ashley rates the 
latter as having a relative colloid content of 95 to ioo' c The clay was 
freed from large particles and soluble salts by washing with distilled water 
and running the suspension through a Sharpies supereentrifuge; the de¬ 
sired end being a suspension as nearly like that in surface waters, but free 
as possible from electrolytes. These suspensions had turbidities of 400 
to 420 and coefficients of fineness of o 79 to 0.81. Standards for deter¬ 
mining turbidities were prepared from original clay suspensions and checked 
with a standardized turbidimeter, 

Fine particles of various sizes in suspension do not settle uniformly 
leaving a clear supomataant liquid, but are deposited in layers or soon. 
Those particles of approximately the same diameter will settle together 
leaving a turbid suspension of finer particles above. In a suspension ox 
1 C<mpt. mid., >4S, 918 (1907). 
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Can observe 2 or 3 of these zones of widely different turbidities and rates 
of sedimentation. Within a zone the turbidity is fairly uniform, but 
different zones vary as much as 100% within a vertical distance of '/. meh. 



Millequivalents of electrolytes. 

Pig. 2.—Effect of electrolytes on the coagulation and settling of clay suspensions. 


It was necessary to determine the turbidity of a suspension without di»- 
turbing the liquid. A beam of parallel rays of light J /i« inch in diameter 
from a stereoptican equipped with a 500-watt lamp was projected through 
the standard and sample, parallel to and ’/» inch below the surface of the 
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Fig J-Effect of electrolytes on the coagulation and settling of clay suspension. 
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lowed to r emain perfectly quiet at room temperature and the turbidity 
of the liquid detennined at appropriate intervals. All results are ex- 



Millequivaleuts of aluminum. 

w*. 4.—Effect of NsOH on the coaxulatkm of a day suspension by Al s (SOd»- 

pressed as turbidities in parts pet million and milligram equivalents per 
liter, except in the case of silicic acid, which is in parts per million of siHca. 

The action of salts on the coagulation of clay suspensions is shown to 
Figs. 2 and 3. and their action when the suspensions were coagulated by 
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I - .OSS Scott tan ■ .06* 

Millequivalents of aluminum. 

Pi* 3.—The effect of the atldrtkm of one miHeqtrivmlent of electrolytes on the 
coagulation of day suspension hv Alj(SO*)». 

aluminum sulfate in Figs. 4. 5 and 6. These figures show hi graphic 
form data from many experiments. 
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The salts arranged according to their efficiencies as coaguiants are 
aluminum sulfate calcium and barium hydroxides, calcium chlonde, 
magnesium sulfate and magnesium and calcium hydrogen carbonates. 
Thfcoagulative powers of calcium and barium hydroxides are practically 
the samfand the ratio of aluminum to calcium and barm® ions is about 
five to one. Sodium chloride has little effect until Us concentration be- 



Millequivalems of AJ. 

Fig. 6.—Effect of NaHCOi on the coagulation of clay suspension by AbfSOJ*. 


comes large. Sulfuric acid has no apparent effect up to a concentration 
of 0.35 millequivalents, but higher amount-, coagulate the colloid. Sod¬ 
ium hydroxide, carbonate, acid carbonate and sulfate have at first a sta¬ 
bilizing influence followed by a coagulating effect, the hydroxide showing 
this action the greatest and the sulfate the least 'Hie coagulating effect 
of anions seems to be an inverse function of their valences, since sodium 
sulfate disperses and sodium chloride does not 


It is noticeable that this order is similar to that given above where the 
clay suspension was coagulated by the salt alone. Salts containing the 
bivalent cations, t. <?., calcium chloride, calcium hydrogen carbonate, mag¬ 
nesium sulfate and magnesium hydrogen carbonate, aid in the coagula¬ 
tion by alum and increase the rate of reaction; sodium chloride aids slightly ; 
while sodium hydroxide, car inmate, hydrogen carlxmate and sulfate 
prevent coagulation and retard the rate of reaction. In general, the mag- 
mtude of the effect is proportional to the concentration of the salts, but 

Witha riv " r ™ l T in>xide and carbonate - <h,s « '*7 no tneans true. 

of Im therellT ! y a ' C ' mlCllt the ad dit«w» of graded amounts 

disoerse'nh s! f ^ disi f rs,< ’ n t-hen coagulation, followed by a second 
disperse p se (not as stable as the first) and 
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A third disperse state was not obtained by increase of alum or sodium 
hydroxide. As the content of sodium hydroxide is increased, additional 
amount of aluminum sulfate must be added in order to produce coagula¬ 
tion and to combat the dispersive action of the hydroxide or sodium com¬ 
pound. The concentration of chemicals necessary to produce coagula¬ 
tion does not vary with the alkalinity of the solution. Coagulation seems 
to be a function of the concentration of the hydroxyl ion and alkali metal 
ion as well as the cation and its valence. The monovalent ion of the alka¬ 
lies in the presence of high hydroxyl ion concentration or vue versa, is 
intimately connected with dispersive or protective action in the coagula- 
tion^of clay suspensoids and probably with the peculiar (protective) 
effect of silicic acid in preventing the formation of aluminum hydroxide. 
If calcium is substituted for sodium these peculiar effects are not pro¬ 
duced. 

Effect of Silicic Acid on Coagulation. 

The effect of silicic acid on the coagulation of clay suspensions by 
aluminum sulfate is in all cases to retard the reaction and more aluminum 
sulfate is required to coagulate than before, regardless of the presence or 
absence of electrolytes. This is shown in Tables II and III, and Fig. 7. 



AbMDt. 


J*r«s«at 


Coltokto thick add. 
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The photograph was taken 5 days after the addition of the aluminum 
sulfate; 62 parts per million of silicic acid (SiOj) was added to the samples 
on the right 

The aluminum consumed is a function of the silicic acid added, but the 
mathematical relationship is not a simple one and varies with the clay 
used. This relationship is shown in Table II In general, the amount 
of aluminum requ i ed to coagulate per unit amount of silicic add added, 
is larger at Ion than at high concentrations. Silicic acid docs not seem 
to stabilize or disperse the elav particles, as its presence does not influence 
the rate of sedimentation. In this respect it differs from the alkali salts 

Applications. 

Removal of Silicic Acid from Water to be Used for Boiler Purposes.— 

The experiments on natural waters indicate that silicic and could be 
most economically removed by aluminum hvdroxidc formed in the 
reaction of aluminum sulfate with calcium hydroxide in a solution whose 
P}i value is 8 o to 9 o and that tlu. precipitation 1 more or less directly 
related to the ratio of (C'a •+- Mg 1 Na The higher tins 1 atm the more 
complete is the removal. In one particular case by the proper treat¬ 
ment with aluminum sulfate and lime it was possible to reduced the silicic 
acid content from 82.6 to 30 parts j>er million with 0 grains per gallon of 
aluminum sulfate and the necessary amount of lime to soften 


Table II 

Retarding F.fiect of Silicic Acid cm the Coagulation of Clay Suspension by AVSOp,. 
Silicic Acid (SiO s \dded 


Mg 

equivalents 
of AI 
O 03 
O 09 
O 12 
o 15 

O 8 
O 21 
o 24 
O .27 


0 p p m 


1 hr 

4OO 41 

*75 

30 


24 hr a 
200 


12 ♦ p p m 
1 hr 


? 4 «> 
* S 
*00 

40 

40 


24 br» 

too 

5 " 

■S 

s 

s 

s 


37 2 p p 


1 hr 


3 .SO 

35 « 

212 

it JO 

5 ° 


24 hr* 


IOO 

IOO 

IOO 

40 

30 

20 


- D,M„ cwtota to c, „ 
Uv Presence of Silicic Acid. 


^0, added 

* to reduce 

Ppm 

turbidity to 50 p p m 

0 

M(t equivalent* 

12 4 

0.II5 

24 8 

0.200 

37 2 

O.240 

49 6 

O 370 

Turbidity of day suspense 
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Tablb III. 


Retarding Effect of 6a p. p. m. Silicic Acid on the Coagulation of Clay Suspensions by 
Ali(SO t ) in the Presence of Electrolytes 
Milligram Equivalents of Salts 


Mini¬ 

1 

3 

2 


2 


2 

's equivalent 
of Al 

NaHCO* 

NaCI 


Na&Ga 




Dialyzed Silicic Acid— 

-P P- 

m. as SiOj. 




0 

62 

0 

02 

o 

62 

6 2 

O 03 



35' 

350 

400 

400 

40 ) 

O 06 

400 

400 


150 


400 

400 

O Oj 



35" 

315 

75 

400 


O 12 




3 a 1 


350 


O 15 





-5 

25 


0.18 

4<» 

400 

35 

US 



3^*0 

O 21 





1 0 

10 


O 30 

5 

400 

35 

15 




O t»J 

65 

35° 






O 60 









Readings cxpie&sed as turbidity. Time, 3 hours 


The Coagulation of Waters Containing Colloidal Clay.—The stability 
of a suspension of day seems to be intimately and directly connected 
with amount of monovalent cations and bivalent anions present. Thus 
the alum needed to coagulate will lx; greater the larger the concentra¬ 
tion of sodium ions except in the ease when the anion is mainly chlorine. 
Less alum will Ire needed as the ratio of the calcium and magnesium ions 
to the sodium ion increases. As the silicic acid content increases more 
alum will be required to coagulate. In concentrations up to 20 parts 
per million, from o 015 to o 03 milligram equivalents of aluminum per 
10 parts of silica is needed to cancel the influence of the silicic acid. 

Water containing bivalent ions when treated with alum gives a sharp 
abrupt reaction, an increase of o 03 milligram equivalents of aluminum 
coagulates but when silicic acid or alkalies are present, other factors being 
constant, a much larger amount of alum is necessary to produce the same 
clarification and the abruptness of the reaction becomes less as the amount 
of the silicic acid and alkalies approaches a certain maximum where the 
magnitude of the change produced per unit amount of alum is much 
smaller titan in the former case (see Fig. o). This phenomenon is exactly 
similar to that which occurs when “colloidal waters" are coagulated by 
alum and lime. 

These experiments justify the addition oi an excess of calcium hydroxide 
and allowing it to react with the water for some time (8 to 12 hours) be¬ 
fore the addition of the alum or ferrous sulfate. This procedure has been 
effective in purification of water from the Arkansas River at Little Rode, 
Arkansas, where the suspended material is in a colloidal state and con¬ 
sists largely of a very finely dispersed clay in a concentration of 200 to 
400 P- p. m. 
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Summary. 

1. Dilute solutions of dialyzed and undialyzed silicic acid behave 
towards electrolytes in the same manner as concentrated solution with the 
exception that proportionally more reagent is needed. 

2. The optimum hydrogen ion concentration for the precipitation of 
the aluminum hydroxide and the removal of silicic acid by aluminum 
hydroxide is a concentration of i X 10“*. 

3. The limiting values of the hydrogen ion concentration, between 
which the solid aluminum hydroxide phase is present, are i X io -< and 
1 X io _n . 

4. The presence of silicic acid prevents the formation of a precipitate 
of aluminum hydroxide, when the sodium hydroxide, equivalent to the 
aluminum chloride present, is added all at once The silicic acid probably 
acts as a protective colloid preventing precipitation of the aluminum 
hydroxide The presence of bivalent cations destroys this, protective 
power. 

5. The action of electrolytes on day suspensoids is the same in dilute 
as in concentrated suspensions. 

6 . Sodium hydroxide, hydrogen carbonate, carbonate and sulfate stahflite 
or disperse clay suspensions at one concentration and coagulate at an¬ 
other. 

7 - The ratio of the coagulating power of calcium and barium hydroxides 
to aluminum hydroxide is about 1 to 3. 

8. Coagulation of clay suspensions is aided bv the bivalent and hin¬ 
dered by monovalent cations in the presence of ac.d carbonate, carbonate, 
sullate and hydroxyl anions. 

9- Silicic acid retards coagulation of clay suspensoids. 

Urbana, III 
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A SURFACE TENSIMETER FOR SMALL QUANTITIES OF 

LIQUIDS. 

By C C Kipumcer 


. -~ my 

dropTtl” e 0r haur r 7 whlVh only a 

laboratories as an aid in the idem^T^ deVe, °P wi in w 

prises a piece of capillary g iass tubm J .T , '' rKd " ,C ^ uitis ' li «■* 

and 4 mm. external diameter This « l T' ^ a,WUt ‘ mm ' 

Piece by making a mjnute m in **”*** fnMn a 

then breaking as usual, using all nLsiblTn Carbonm< * Bn > crystal, 

and a right-angled fracture Several t **! eC * uUtms l ° get a cieaa «*t 

Several tubes should lie broken and Uie 
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best one selected for this purpose. A quadrant cut from a celluloid pro¬ 
tractor is pierced with two holes and attached to the tube with the de¬ 
vice previously described, 1 so that it may be removed with ease or ad¬ 
justed to tubes of different diameters. 

A small notch cut in the apex of the quadrant holds a thread in posi¬ 
tion which passes over it, the thread carrying a small weight at each end 
and serving to indicate the angular displacement of the tube. The threads 
on each side of the pro¬ 
tractor eliminate the 
error of parallax in the 
readings. A perforated 
cork supporting a l>olt 
and two grooved cork 
washers is held by a 
clamp and stand and 
carries the tube and its 
attachments. A glass 
cap 5 cm. long made 
from a bit of tubing 
large enough to pass 
over the capillary tube 
without binding, serves 
to retard evaporation. 

The tube is thor¬ 
oughly cleaned and dried 
and a short column of 
liquid, i cm. to 3 cm. 

(the lower the tension 
and the greater the den¬ 
sity, the shorter the col¬ 
umn) introduced into 
the capillary. The tube 
with its enclosed thread 
of liquid is then turned 
to such an angle that the meniscus at the lower end changes to a plane 
surface. The point at which this occurs is observed by the use of a pocket 
magnifier. This adjustment should be made in a good light with a sheet 
of white paper as a background. The angle .4 is then read and checked 
by readjusting 2 or 3 times and the length L of the liquid thread measured 
to 0,1 mm. 

L cos A m h, where k is the height of the vertical column exerting the 
same downward pressure as the inclined thread of liquid. The tube may 
1 /. Jaef. En g. Chtm., 10,8, 6ji (1918). 




c. C. KIPUNG£ R ' 


474 

be calibrated with tnttr and tte ^^5SdirccS'tS a^icroncope 

d X k X r X pSo ^ nes p,, r cm. ts used 
The familiar formula T = - " 

in the calculation of T, the surface tension. 

Experimental Results. 

Water, benzene, toluene, carbon tetrachloride, 

^heTatefusIdTas redistilled horn potassium permanganate and sulfuric 
acid, boiled in a quartz vessel just before using and the ca P l! 
the hot liquid, then allowed to stand until coming to room temperature. 
Tablb I.—Resuits Obtained by I’mnc a Pocket Mackimw 
Angle of inclination measured fiom horizontal therefore A - 0<> 

T20* 

Ert ,t Water, degret* Dyiu. co, 

1 . 5«> 5 71 ! 

2 . 65 5 70 7 

3 . 5 « 

Ay., 71 2 7i - 7 

Benzene 

.. 515 V 

.. S<> S l( ’ t 

3 . 42 5 27 4 

Av, 26 ft rfl 9 

Cadion Tetrachloride 

r. 28 5 

2 . 5 fi «» 

3 . 61 5 n 7 

4 . 44 7 24 7 


Av , 24 o * 6.7 

From the above results it is apparent that this method will serve to 
distinguish between liquids, the surface tensions of which show a differ¬ 
ence of 2 or 3 units. The experimental results are generally low, the 
above figures being typical. The variations in readings are due in part 
to the difficulty experienced in determining the exact position in which 
the meniscus changes to a plane surface. Moreover, it is a hard matter 
to adjust and read the instrument for angles greater than 70 hence 
1 This Joobnai, 37,1636-76 fojij). 

‘Ibid., )t>, 556-60 11917). 
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the used angles He chiefly between 50° and 70°, However, there seems 
to be little change in accuracy for different angular readings. 

The results are very much improved by attaching the tensimeter to 
the stage of a compound microscope and obtaining the angles by tilting 
the body of the mirroscoj>e. The cap of the tensimeter was taped to a 
rather thick glass slide and proved an adequate support for the capillary 
tube and quadrant, allowing it to be easily removed. The stage springs 
Table II —Rksults Obtained by Usino a Micsoscopb. 



AiigJr, tlegrnrs 

7 20* 

Correct 

Error. 

Ivipl 

A ■ 90 ■ unfit 1 

Ds nr 3, cm 

nine. 

% 



Water 



1 

V) 

7 1 



7 

62 « 

72 2 



* 

<*4 5 

7 1 3 



4 

68 5 

-1 * 



S 

54 

7 1 ! 





Average. 71 6 

72 7 

—1-3 



H<m7er!«r. 



1 

58 

27 7 



2 

<»5 

’S * 




40 

.-<■ 8 



4 

65 5 

27 Jl 



5 

43 5 

27 4 





Average. 37 5 

JS 0 

-4-8 



Carbon Tetrachloride. 



l . 

*3 

*5 7 



2 

71 

24 * 




SO 

J5 7 



4 

S' 

26 8 



5 

50 5 

■»S 4 





Average, 25 5 

a 6 7 

—4 5 



Toluene. 



I 

<’S 5 

-’6 5 



3 

2S 

2 7 1 



.t 

55-75 

J7 4 



4 

( *> s 

27 0 



s 

55 

27 * 





Average, 27 2 

78.58 

—4 8 



Ethylene DihrorakJc 



1 2 ,. 

40 

57 7 



3. 

5« 

57 7 



.4. 

• 5* 74 

37 5 



4- • 

- 58.5 

37 7 



s. 

■ • • • 4$ 

37 7 
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held the slide firmly enough to prevent movement of the assembled ap¬ 
paratus. The results given above were obtained with a 10X micrometer 
eyepiece and a "/* in. objective. The microscope was first focussed on 
the upper edge of the tube, the position of which was read on the microm¬ 
eter scale, then focussed down to the bottom of the meniscus, which should 
be so illuminated as to show as a bright line, and the body inclined until 
the upper edge ot the bright line broadened and touched the scale mark, 
which from the first reading indicated the position of the upper edge of 
the tube. If a micrometer eyepiece is not available, one with cross¬ 
hairs will serve to locate the edge of the tube, although the difficulty of 
adjustment is somewhat increased. It is obvious that tubes with their 
ends ground accurately at right angles and polished would give better 
results than those used in this work, The determinations can be made 
very rapidly. 

The fact that these results are uniformly low is striking. This may be 
due in part to a slight change in the length of the column arising from the 
flattening of the meniscus, the actual length being slightly greater than 
the distance as measured between the bottoms of the two menisci. A 
correction factor is indicated. 

The writer is indebted to Dr. W. B. Harkins for his kind suggestions 
relative to the testing of this instrument. 

Summary. 

A device is described, by means of which the surface tension of a liquid 
may be determined when only a drop or two is available, and which may 
be used as an aid in identifying organic liquids 

Au.uwc*, Ohio 
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It was undertaken with two distinct objects in view. The first of these 
objects was to determine how the activity coefficient (or effective ioniza¬ 
tion) of the acid varies with its concentration. The second object was 
to determine the free-energy change attending the reaction. 

This reaction is especially well adapted for determining the variation 
of the activity coefficient a of hydri<>die acid with its concentration c, 
in the respect that a small change in the ion-concentration ca causes a 
very much larger change in the hydrogen sulfide concentration, as will 
be seen from the mass-action expression 

K - (H2S)/(H + ) 5 (I-) 3 = (HtS)/(ca) 4 - 
This fact carries with it, however, the disadvantage that the study can 
be extended over only a small range of acid concentration 'Thus our 
experiments had to lie confined to concentrations of hydriodic arid be¬ 
tween o 024 to o n h normal 

The free-energy decrease (—AF) attending the change in state 
AgjS(s) + 2ll + (i M) + 2l~(r .Vf) = 2AgI(s) + H,S (1 M) 
can be computed by the familiar thermodynamic equation 

— A F - RT log K, 

using the equilibrium constant K derived from the experiments and making 
the most reasonable assumption as to the ionization. By combining 
with this free-energy decrease the previously determined free energies 
of silver iodide and of hydrogen iodide in dilute solution we may derive 
the free energy change attending the reaction 

AgtS(s) 4 - Hi(g) - 2Ar(s> + HjS(g). 

To confirm these results these free energies were also determined by 
measuring the electromotive force at 25 ° of the cells 

H, (p atm ), HC 1 (o i /.), HC 1 (o i /.) + H,S {f atm.), Ag,S + Ag. 

Hj (/> atm ), HI (o 030 or o 098 /.), Agl -f- Ag. 

Finally, to determine the beat effect attending the reaction, the electro¬ 
motive force of the first of these cells was measured at other tempera¬ 
tures. 

3. Description of the Equilibrium Experiments. 

The substances used iu the experiments were prepared as follows: 
The water was redistilled from alkaline permanganate, rejecting the first 
fourth of the distillate. The hydrogen sulfide was made by treating 
ferrous sulfide with hydrochloric add and washing the gas with a small 
quantity of barium hydroxide solution. The silver iodide was prepared 
by adding hydriodic acid solution to an excess of silver nitrate solution 
and thoroughly washing the precipitate by decantation in blackened 
bottles. The hydriodic add solution was made from iodine sublimed 
from a mixture of it with potassium iodide and then resublimed alone 
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This iodine was added to water, and hydrogen sulfide was passed in, the 
liquid being decanted from the sulfur after several days and filtered through 
an alundum filter It was kept under an atmosphere of hydrogen sul¬ 
fide. 

The equilibrium mixtures were prepared as follows: To the silver 
iodide in blackened bottles hydriodic acid of various concentrations was 
added. A rubber stopper carrying 3 glass tubes, each with a glass stop¬ 
cock, was then inserted in the neck of each bottle. Two of these tubes 
extended beneath the liquid in the bottles. One of these served to pass 
hydrogen sulfide into the mixture; and the other, provided with an alun¬ 
dum filter, to withdraw samples of the solution for aualysis. The third 
tube extended only into the gas space above the liquid and served to 
regulate the gas pressure inside the bottles Hydrogen sulfide was then 
passed into the mixture until the silver iodide began to darken. To ap¬ 
proach the equilibrium from the opposite side hvdriodic acid was added 
to mixtures already approximately at equilibrium. The necks of the 
bottles and the protruding tubes were well coated with paraffin to pre¬ 
vent leakage. The bottles were placed on a horizontal shaft in a thermo- 
stat at 25° and rotated for several days. 

The bottles were then hung upright in the thermostat and the solid 
allowed to settle. Two samples of the solution were withdrawn, one for 
the determination of the hydrogen sulfide, the other for that of the hy- 
driodic acid, at the same time nitrogen being allowed to draw into the 
bottle. The first sample was caused to suck up into an evacuated weighed 
bulb containing a known quantity of iodine dissolved in potassium iodide 

SnsnmJdt^Tn a bU ' b ^ of iodine un 

consumed by the hydrogen sulfide was titrated with standard sodium 

thiosulfate soluhon with the aid of starch or (in ease of the mL ZuT, 

solutions) of carbon disulfide. The other sample, cons stinT* a ™t 

£ cc„ was weighed, diluted with 75 cc. of water boiled to^Ll the^ 

3 - he Data of the Equilibrium Measurements and the Activity 

In f 11 • Coefficients Calculated from Them. 17 

experiment; bThe ** CUtama thc numbcr °f the 

rotated; in’the ^ *“ 

num was being approached from th 1 7 / S whcthcr the equilib- 
tion AgjS + zHi ! zAgl VTl I If T n * ht hand ^ of the reac- 
concentrations c „ and 1 T* columns, the 

ti»e hydriodic acid and hydrog^ “ fon ”«k eights per titer, of 
” ** ^th column, the eLiiL,™ JlZl »**««•; 
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by the equation K “ c HkS /(c H i 7 ) 4 with the aid of values of the ioniza¬ 
tion y given in the seventli column derived from the equivalent conduc¬ 
tance measurements of Strachanand Chu; 1 and in the eighth column the 
values of the activity coefficient a of the hydriodic acid calculated by 
the equation a => 7(/v)“ S6 /5 558, which is derived from the theoretical 
expression Ch.s/0ou“) 4 = const., under the arbitrary' assumption 
that at 0.025 A 7 (where K on = 5.558) the activity coefficient a and 
the ionization y have the same value, o 924. 

Tablk I —Tub Equilibrium Kata and tub Equilibrium Constants and Activity 
Cobfpiciknts Calculated ebom Thfm 
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Mean 964 

4. Discussion of the Activity Coefficients Derived from the Equilib¬ 
rium Measurements. 

In the first place, the fact may l>e pointed out that there is no regular 
difference between the equilibrium constants obtained in approaching 
the equilibrium in the two opjwsite directions, showing that equilibrium 
was in reality attained. 

Next it may be noted that the equilibrium constants exhibit only a very 
slight variation with the concentration, and that correspondingly the 
activity coefficients change with the concentration at nearly the same 
rate as the ionization values derived from the conductance ratios. It is 
to lie remembered, however, that the range of concentration here in¬ 
volved (0.025 10 about o is formal) is relatively small, and that this 
may not be true in general. 

Finally, the results may be compared with those obtained for hydro¬ 
chloric add by Noyes and Ellis. 1 Between the concentrations 0.025 
* Tarn Journal, 36, 818 (1914). 

1 niid .. .... 
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and 0.12 the activity coefficient of hydrochloric acid decreases 8.3%, 
while that of hydriodic arid decreases only 4.5%. 

It is to be noted that these values of the activity coefficient are only 
relative, as they are based on the arbitrary' assumption that the value 
is-identical with that of the ionization at o 025 formal, and that, for 
example, values 3.8% smaller result if the activity coefficient be taken 
as identical with that of hydrochloric acid at o 025 formal, for which 
o 889 was found by Moves and Ellis (instead of o 924). 

5. The Electromotive Force of Hydrogen Silver-Sulfide Cells. 

We determined the electromotive forces at 5° or k/, at 25 0 , and at 35“, 
of the cells 

H 2 (p atm.), HC 1 (o 5 or o. t /.), j j£! 1 / ' ) [, A gl S(s) + Ag(s). 

The apparatus used consisted of 2 tnl'cs connected by a siphon pro¬ 
vided with a stopcock. Two separate platini/.ed-platinum electrodes, 
prepared by M. Chow, of this laboratory, as described by Ellis,' were 
placed in one tube, and electrolytic hydrogen was continuously bubbled 
through it. This hydrogen was washed with alkaline pvrogallate and 
acid potassium dichromate; and, before entering the cell, it was passed 
through a bulb containing hydrochloric acid of the same strength as was 
present in the cell and having the same temperature. Four separate sil¬ 
ver sulfide electrodes were placed in the other tube. These were made by 
coating silver-plated platinum spirals with a paste of silver oxide, and 
heating them until the oxide was decomposed, leaving a rough pure white 
mass of metallic silver. In case of the cell with the o 1 formal acid the 
electrodes were dipped in a hydrogen sulfide solution, thus covering them 
with a thin coat of silver sulfide. In the cell with o. s formal acid they 
were previously coated with silver iodide, and later the iodide was con 
verted to sulfide with a hydrogen sulfide solution. Solid silver sulfide 

rr g ^ eD SUlfide iUt0 3 si,ver nhrate solution and 
thoroughly washing the precipitate, was added to the acid solution in the 
tub,comaming the silver-sulfide dec,rote. 

»g *«***, hydroge,, * was slowly buhbw W.TTZ.' 

and hydrochloric acidMnto IT” SUlfidt ^ ma<le ' T<im fwTO “» "Ulfidri 
magnesium odd, £ 2 »y “1^7,7 

could be obtained for manv hr, r nia K ri0S 'utn oxide there 

“g C , 0 ^ oUab ^ by the amount of ILT^Z^ * *** 

pressure 7 Their parti^tSsures wtr *&* ^ CSCaptd 4t at “Ospherk: 

. P . PreSSUreS Wm * there ^e, less than that oT the 
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atmosphere by the vapor pressure of water in the hydrochloric acid solu¬ 
tion at the temperature of the measurement. They were equal to each 
other and consequently the electromotive force was independent of the 
pressure. 

Tlie observed data are given in the following table. The first and 
second columns show the temperature and concentration in formula 
weights of per liter of solution The third gives the number of hours 
that elapsed between the setting up of the cell and the first measurements. 
In the fourth column is recorded the mean result of these first measure¬ 
ments, this mean being the average of the 8 observations made with the 
8 different combinations oi the 2 hydrogen electrodes and the 4 silver 
sulfide electrodes. Iri the filth and sixth columns are given the corre¬ 
sponding mean results obtained one hour and two hours later than the 
first measurement The seventh column shows the average deviation 
from the mean result of the 8 observations from which it was derived. 
Tam.k If - -The Observed Electromotive Forces or the Hydrogen Silver- 
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The following table contains the mean values derived from the fore¬ 
going observations for the cells formulated at the beginning of this sec¬ 
tion, together with values (within parentheses! interpolated for the tem¬ 
peratures at which measurements were not made: 

Table 111 Mean Valves or tue Electromotive Force of the Hydrogen 
Silver-Sulfide Cells 
l fit with 


Temp • 

9 ! / 11 C 1 

0 S 1 HCS 

Fiiwd value 

5 

(--« ,1 i8> 

—tv 03 9t 

~~o .03805 

»o 

-n - 3779 

( —0 0 756! 

—<O.03767 

•*3 

<1 0,167 Cl 

(—tv 05645) 

—0.03658 

33 

-tv 03384 

-•<> » 337 I 

—O.OJS 7 


Reversing the sign of the numbers given in the last column of 
the table, we get the values of the specific electrode potential 
iAg \ i H,S (1 atm.) 1 

|a6sHhm>m) ) 

6 . The Electromotive Force of Hydrogen Sihrer-Iodide Celia. 

The cells studied were H»{patm,), HI {0.030 or o 098/.), Agl -f Ag. 
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sulfide cells. The silver silver-iodide electrodes were prepared in several 
ways. The first ones (denoted by A in the table below) were made by 
dipping silver silver-sulfide electrodes into a hydrogen iodide solution. 
Others (denoted by B) were made by electrolyzing silver-iodide on to the 
electrodes A just described with a current of o 002 ampere for 2 hours. 
The final electrodes (denoted by C) were made by pasting precipitated 
silver-iodide on to these electrodes B, and heating them for 2 hours at a 
temperature of 120° to convert any amorphous silver iodide to the crys¬ 
talline state. The pressure of the hydrogen was always equal to the baro¬ 
metric pressure diminished by the vapor pressure of water in the solu¬ 
tion. 

The observed data are given in Table IV. The first and second col¬ 
umns show the temperature and the concentration in formula weights 
of hydrogen iodide per liter of solution The third column contains 
letters representing the electrodes prepared 111 the different ways indi¬ 
cated above. The fourth column gives the numlier of hours that elapsed 
between the setting up of the cell and the first constant measurements; 
and the fifth shows the barometer reading at the time of these measure¬ 
ments. In the sixth and seventh columns are recorded the mean results 
of these electromotive-force measurements and the average deviations 
of the 8 observations made with the 8 different combinations of the 2 
hydrogen electrodes and the 4 silver sih er iodide electrodes In the eighth 
column are given these electromotive forces corrected to a hydrogen 
pressure of one atmosphere. In the last column, headed Specific E. M. 1 *\, 
is given the electromotive force of the cell Hj (1 atm ), H + (1 M.) j 
I (1 M), Agl -f Ag, as calculated from the electromotive forces in 


the eighth column by the logarithmic formula with the aid of the activity 
coefficients (o 921 and o 897) for o 0400 and o 0980 formal hydrogen 
iodide solutions, obtained by interpolation from the values given in 
Table I. These last values with sign reversed are the values of the specific 
electrode potential Ag -f Agl, I' (i M.) ' 


Tablb IV The Electromotive Forces or the Hvouch,ks Sin hh-Iomdk Cells. 
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(adopting the mean value of K given in Table I) to be 4070 cal. at 25 
This result is expressed by the equation* 

(F111) A gJ S(s) + 2H »(i Af.) 4 - 2I —(1 Af.) - 

aAglfs) + H»S (1 Af.) 4 - 4070 cal. 

Prom Pollitier's* determination that the solubility of hydrogen sul¬ 
fide at 25 0 is o 1004 tnola! when its partial pressure is 737 mm. we find 
with the aid of the usual logarithmic expression 

(Fm) H*S (1 Af.) *= HjS (s atm.l + 1325 cal. 

Adding these two equations we get. 

(F,„) AgiS(st + 2H+ (i Af.! + 2I (1 . 1 /.) =■ 

2AgI(si 4 - H*S (1 atm.) -f 5400 cal. 

Jones and Hartman 1 found that the electromotive force at 25 0 of the 
cells Ag + Agl, KI (o 05/, and o f I s (s >, after correcting for the tri- 
iodide concentration at the iodine electrode and for the liquid potential 
arising from it, is +0 6847 volt This corresponds to the following 
equat ion. 

2AgIis) *= 2.\g(s) 4 - Is(s) -- 31600 cal. 

Lewis and Randall 1 luive reviewed the data on the electrode potential 
of iodine, and on the basis of the measurements of Farragher find for the 
cell 1 , 1 1 A/.), I - (1 \1 ) |j KC 1 (o 1 .Vi, KC 1 (1 N), HgxCl, 4 - Hg at 25 0 
the value t> 3407 volt. Adding to this the value —o 2828 volt re¬ 
cently derived by Lewis, Brighton and Sebastian' for the cell Hr 4 * 
Hg-Clj, KC 1 11 X), KC 1 (o 1 .V) [I H 4 11 Af ), H» (1 atm.i at 25 0 , we get 
for the cell I, ti A/.), 1 (,1 Af.) ;• H' V* Af.i, H* (1 atm.i, or for the 
electrode potential of dissolved iodine, the value o 6235 volt. The 
corresponding free energy equation is 

(Fin) Hi (1 atm 1 4 - I* (i A/.t = A/.) 4 - 2I (i A/.) 4 - iSySocal- 

Lewis and Randall' have also derived the equation 

(/■'*»») Ii(s) * Ij (1 A/.) --3930 cal. 

Adding the last 3 equations we get 
(Fm) aAgl(s) 4 - H t (i atm.) * 

iAr(s) 4 - 2H 4 (1 Af.) 4 - 3 l" (r Af.) — 6750 cal. 

Adding this equation to the one preceding the last 3 equations we get 

1 Throughout this article the symbols F, m and prefixed to equations indicate 
that they are free-energy equations or heat-content equations, respec ti v el y, and that 
they refer to 25* C. or 298* A. In general the conventions employed are those adopted 
by Lewis (This JowtAt, 35, i-jo (roijl; jfi, 1969-1993 (1914)). 

’ Z. aaurg. CAcm., 64, 121 (1909} 

* Tats loPHNAt,, Jt, 7*2(1915). 

1 [bid., j6, 2264 (1914). 

*[M„ 39, 2239 (1917). 

* Ibid., jfi, tO>i (1914)- 
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(Fm) AgjS(s) + H* (i atm.) = 2Agfs) + IlsS (1 atm.) ’ 35 0 cat. 

We may derive other values of the free-energy decrease attending these 
te 8 Ct*DDS with the aid of the equilibrium measurements of Danncd, 1 
who studied at 13 0 the reaction 

2AgI(s) + Hi (1 atm ) = 2Ag(s) + .’HI fm water). 

Danneel approached the equilibrium from both Miles, using platinum 
black as a catalyzer, and found the equilibrium concentration of the 
hydrogen iodide to be o 0430 formal Since, \\iicn the change takes 
place under equilibrium conditions, the tiee emrgv ihange is zero, we 
may write the following free energy equation 

(F»») 2AgI(s) + H 2 (1 atm ) 2 .\r(M + HI (at o 0,3 /.) + o Cal. 

To calculate the free-energ\ dumgi at 25“ mi need the value of the 
heat content attending the reaction 1 his is obtained by combining 
the following theimochenucal equations 

(H m ) iHitg) 4- il-is =• HHg' f.iroial 

(Htu) HI(gt + » Aq = HIx Aq 1- 19350 cal 
(Hut) Agl(s) = Ag(s) t Jli(s) 149(10 cal. 

Thomsen* and Berthelori measured the first and second ot these reac¬ 
tions with fairly Concordant results (6040 and E300, 1 9200 and 19500). 
For the heat of formation of iAgI(s) the best values arc evidently those 
(14820 and 15100 cal.) recently determined by Fischer* and Braune and 
Koref. 6 The means of these values have been adopted 111 the foregoing 
equations 

Adding together these 3 thennochemioa! equations and multiplying 
the result by 2 we get 

(H2S1) Hs(g) + 2Agl(s) -f xAq = 2Ag's) 4 - 2HI a Aq - 3,560 cal 
Substituting in the general free energy equation 


(—AF?) (—A/ 1 ,) 


=- A// 


(*;- ;) 


Fi 7 j 

for A H the value —3560 and for - AT-, the value out /,-= z86, we find 
that at 25 0 (T, = 298) the free-energy decrease - A/'- for the same c hang e 
in state has the value 149 cal 1 his result is expressed by the equation 
(Fj.») 2AgI(s) + II 2 (1 atm.) = 2Ag(s; -+- HI 'at 00430 f .) + 149 cal. 

Taking the activity coefficient of o 043/ hvdrogen iodide as o 918, 
as given in Table I, we derive from the preceding equation bv the usual 
logarithmic formula tlie following- 


1 ■ 2 - Pky* Chem , 33, 429 11900) 

'J prakt Chem , 12J12, 28911X75,, 
‘Ann ckim phys . [5] 29,241 USB 

* Z anerg Chem , 78, 41 (19121 

* 87, 183 (1914), 


1 lurmodieimsihr Unit rsuchurnen," j, p. 380. 
O I ;< Tlhelot s 'Thermoehutiie,” », 370 (r%7>. 
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(Ftn) aAgl(s) 4 - Ht (1 atm.) « 

aAgfs) + 2H+ (i M.) 4 - M.) — 7516 cal. 

Adding this to the third equation in this Section we get 
(Ft »«) Ag*S(s) + Hi (1 atm.) « 2Ag(s) + H*S (1 atm ) — 2116 cal. 

We may also derive the free-energy cltange attending this last reaction 
from the equilibrium measurements of Daimed and of ourselves, without 
making any assumption as to the activity coefficient, as follows: 

We find by interpolation that the concentration of hydrogen sulfide 
which is in equilibrium with a o 0430 formal hydrogen iodide solution 
when silver-iodide and-sulfide are also present is o 002293 formal. At 
these concentrations the fret-energy decrease will lx: zero, as expressed 
by the equation 

(F»i) AgtS(s) -f 2llI(o 0430 j.) ~ 2AgI(s) 4 - H,Sfo 002293 f.) 4 - o cal. 

Adding the two preceding equations we get 
(F t „) Ag*S(s) 4- H 5 (i atm.) «= 2Ag(s) 4 - H,S (o 002293/.) + 149 cal. 

Now the data of Pollitzer' shows that, when the partial pressure of 
the hydrogen sulfide is one atmosphere, the concentration of hydrogen 
sulfide in o 0430 formal hydrogen iodide solution is o 1041 formal. From 
the relation 

- M’ m RT log, °-?°l 29 \ 
o. 1041 

we get 

(Fm) H»S (o 002293 f.) = H*S (o. 1041 /.) — 2262 cal.; or 

(F,**) H,S (0.002293/.) = JI„S (1 atm.) -- 2262 cal. 

By combining the last of these two equations with the one preceding 
them, wc get 

(F»m) Ag,8(s) 4 - H, (1 atm.) «■ zAg(s) + H,S(j atm.) — 2113 cal. 

* 

Finally, wc may derive directly from the electromotive-force measure¬ 
ments given in Tables III and IV the free-energy decrease attending the 
two main reactions under consideration. Namely, multiplying the elec¬ 
tromotive forces (—0 14773 aud —o 03653 volt) of the hydrogen silver- 
iodide celt and of the hydrogen silver-sulfide evil at 25° by 193,000 and 
dividing by 4182, we find the result expressed by the following equa¬ 
tions : 

1 Z. otwtrj; Chrm., 64, 121 (1909) fly plotting flotUtwr’s values of the solubility 
of hydrogen sulfide in hydrogen iodide solutions, when Uw total pressure td the gx* is 
one atmosphere, against the concentration of the hydrogen iodide, the equation of the 
most representative straight line through the points w found to be oi,s “ o. too* + 
0 01248cm This gives for the value of ems when cm is 0.043 formal the value 0.10094 
formal. This refers, however, to a partial premure of the hydrogen sulfide of 737 mm., 
the vapor pressure of the water in the 0043 /-HI solution being 23 mm. Hence, for a 
partial pressure of otw atmosphere, cn.a ” re*0094 x 760/337 - 0.1041 formal. 
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(F* m ) 2AgI(s) + H s (i atm.) ** 

zAg(s) 4 - H + (i M.) + 1 “ (i M.) — 6817 cal. 
(Fj»j) Ag»S(s) + II 2 (1 atm.) = aAg(s) + HjS (t atm.) — 1688 cal. 

For the last of these reactions we can derive another value from the 
electromotive forces of the hydrogen silver-iodide cell (without using the 
activity coefficient of hydriodic acid) by combining them with the re¬ 
sults of our equilibrium measurements. Namely, multiplying the elec¬ 
tromotive forces (—o 02288 and +0.03680 volt) of the cells with 0.0980 
and o 0300 formal hydrogen iodide solutions by 193,000 and dividing 
by 4.182 we get the results expressed by the two following equations: 
(F 29 s) 2AgI(s) + H s (1 atm.) = 2Ag(s) + 2III (o 0980 /.) — 1056 cal. 

(Fj Sg ) 2AgI(s) + H 2 (1 atm.) = 2Ag(s) + 2III (0.0300/.) + 1698 cal. 

Now we find from our equilibrium measurements by interpolation that 
with 0.09S0 formal hydrogen iodide the corresponding hydrogen sulfide 
concentration is o 0562 formal, and that with o 0300 formal hydrogen 
iodide the hydrogen sulfide concentration is o 000550 formal. And by 
treating these results as we did those of Panned, we get the following two 
groups of free-energy equations: 

(Fju) Ag 2 S(s) + 2HI (o 0980/.) = 2AgI(s) + HjS (0.0562/.) + o cal. 
(Fin) HjS (o 0562 /.) - 

HaS (o. 1048/. or 1 atm. over o 0980/. Ill j — 369 cal. 


(F2»g) 

(F*„) 

(Fm) 


2AgI(s) + H. (1 a on.) = aAgfs) 


(F20ft) 


« ' ' - v ' -» 1 - « -v vyuy j 1 UJV UU, 

AgjS(s) + 2HI (o 0.300 f.) = »Agl(s) + H ; S (o 000550/.) + ocal. 
HsS (o 01x1550 /.) = 

I'lrS (o 1039/. or 1 atm. over o 0300 /. HI) — jio; cal. 
2AgI (s) + H, (1 atm.) = jAgts) + 2HI (o 0300/.) + 1698 cal. 
Adding the equations in each of these two groups, we get for the free- 
energy decrease —1425 and —1409 cal., respectively. Adopting the 
mean (—1417 cal.) we may write 

(Fm) AgjS(s) + H 2 (i atm.) = 2Ag(s) + JIjS (, atm.) - , 4t7 cal. 

8. Summary of the Free-Energy Values. 
low? 6 reSUUS ° f thC PrCCeding caIc,,latior,s «wy summarized as fob 

We have found for the free-energy decrea-* attending the reaction 

fl g S) + H * (I atm ) = + *«+ (1 M.) + 2l~ U M.) al 25 » 

the following values: / J 

si«de 0 cS 5 ”■ V iaU ° f JW,CS Wld Hartman « iodine 

Randall relating to hydrogen icd^^ m!rU,ation8 ^ Uwis and 
(&) —6817 cal. from our e. m. f. data on hydrogen silver-iodide celb 
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(c) —7516 cal. from the measurements of Danneel on the equilibrium 
of the reaction at 13°, and the available thermochemical data. 

We have found for the free-energy decrease attending the reaction 
Ag»S(s) + H s (1 atm.) « 2Ag(s) + H»S (1 atm.) at 25 0 
the following values: 

(d) —1350 cal. from our equilibrium results and result (a) above. 

(0) —1417 cal. from our equilibrium results (6) above. 

(0 —1688 cal. from our e. m. f. data on hydrogen silver-sulfide cells. 

(g) —2116 cal. from our equilibrium results and result (c) above. 

(h) —2113 cal. from our equilibrium results and those of Danneel 
directly. 

It will be seen that the results (c), (g), and (h), which involve Danneel's 
equilibrium measurements, are much larger numerically than results (a) 
and (b) and results (d), 0), and (/), which are based on the electromotive 
force data. As the latter results are fairly concordant and come from 2 or 
from 3 independent series of electromotive force measurements, it seems 
best to adopt as final values the averages of these results, which are ex¬ 
pressed by the following equations: 

(F w ) 2AgI(s) -f Hi (1 atm.) = 

2Ag(s) + 2ll + (1 A/.) + 2I" (1 M.) — 6885 cal. 
(F*u) AgjS(s) 4- H» (1 atm.) = aAg(s) -f II»S (i atm.) — 1485 cal. 

We have attempted to formulate a temperature function that would 
bring this last free energy value into relation with those determined by 
Keyes and Peking 1 for the same reaction at 470-630®, but have become 
convinced that the values of the heats of reaction and of the heat capaci¬ 
ties available at present are not accurate enough to enable this to be done 
satisfactorily. 

By combining the first of the last two equations with the free energy 
of formation of iodide ion, as determined by Lewis and Randall 3 and ex¬ 
pressed by the equation 

(F»**) II* (1 atin.) 4 - Ij{s) ® 2H + (1 M.) 4 - 2I" (1 M.) 4 * 24608 cal. 
we get the equation 

(Ftn) aAg(s) + Ij(s) <= 2AgI(s) 4 - 31493 cal. 

Half this quantity, or 15750 cal., is the free-energy decrease attending 
the formation of one Agl(j) from its elements at 25®. 

CAMmof.it, Mam. 

1 This Journal. 4a, 246, 251 (1910). 

*/W., j6, 2264 (1914). 
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1. Introduction, 


The purpose of this research was to determine with the aid of electro¬ 
motive-force measurements the free energy attending the transfer of potas¬ 
sium hydroxide in aqueous solution from one concentration to another, 
and from these free-energy decreases to derive the relative activities of 
the ions of the base and its activity coefficients at various concentra¬ 
tions. The principle of the method is substantially identical with that 
involved in the investigations of MaeJnncs and Parker’ on potassium 
chloride and of Ellis’, and of Noyes and Ellis’ cm hydrochloric acid 
With respect to the significance of the term activity, it may be recalled 
that this is a concept introduced by G. N. Lewis 4 as a quantitative ex¬ 
pression of the mass-action effect of imperfect solutes (those which exert 
an effect not proportional to their concentration), and shown by him to 
be thermodynamically related to various other properties. Thus the 
activity is the effective concentration" from an equilibrium or the thermo¬ 
dynamic standpoint. The most generul of the thermodynamic relations, 
one indeed which may well be regarded as the most concrete definition 
of activity, is that afforded by the equation 


— ur = iv a 1 log tei|/nj>, 

in which R is the perfect-gas constant, and - A/- represents the decrease 
in the free energy of the system attending the transfer at the absolute 
temperature T of N mols of any substance (thus of an ion) from a solution 
of any concentration in which its activity is a, to another solution of any 
concentration m which its activity is a s When dealing with ions we may 
sibsritute for their activities a, and a,, the products a,A and «*, in which 

‘_ ai a f lvlty coefficients (analogous to ionization coefficients) 

pr mg the factors by which the concentrations c„ and c, of the sub- 
tor, most b, -ultWkd t „, tb, wivitic a ,l„ to 

, “ ,” y “ l (letermwin r I" dterra* attending 

ms Journal, 37, (, 9 , 3 ) 

ibid., 38, 737-763 (1916). 

. 39 , JJ32-JJ44 fl9i7) 

Am. Acad., 43. RJ 9 -R 93 (.907); Z. fkyt. CW, 61, (,**). 
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the transfer of ions from one concentration to another, and thereby of 
determining their relative activities, is the measurement of the electro¬ 
motive force of cells in which such a transfer takes place; for the relation 
between these quantities is expressed by the simple equation 

— &F ~ E N P, 

in which E is the electromotive force of a eell in which a given transfer 
of ions takes place when n faradays or nV coulombs of electricity pass 
through it. 

Tlie cells studied in this investigation were of the type 

Hg 4 - HgO. KOH(ci), K in Hg, KOlKr*), HgO + Hg. 

Tire potassium amalgam (K in Hg) was used in the form of a dropping 
electrode. The potassium hydroxide concentrations were varied from 
0.003 to o 84 S'. The temperature was always 25 0 . 

The investigation was carried out with the aid of a grant made to Prof. 
A. A. Noyes by the Carnegie Institution of Washington, for which I wish 
to express my indebtedness. To Professors D. A. Machines and A. A. 
Noyes I wish also to extend my thanks for valuable suggestions in con¬ 
nection with the research and for assistance in the preparation of this 
article for publication. 

a. Preparation of the Substances and Solutions. 

The mercury used was purified by blowing air through a mass of it 
covered with dil. nitric acid, and by distilling it in a current of air at 
5-ro mm. pressure. 

The mercuric oxide employed was a chemically pure commercial prepara¬ 
tion. 

The potassium amalgam was made by electrolyzing a pure 2 JV potas¬ 
sium hydroxide solution (prepared as described below) between a cathode 
consisting of 250 cc. of mercury placed in the bottom of a 1000 ce. conical 
flask and an anode of platinum foil immersed in 600 cc. of the alkali solu¬ 
tion placed above the mercury, a current of t .5 amperes being passed for 
about 2 hours. The amalgam was first washed 3 times with water, and 
was then separated front the film of liquid and from the solid potassium 
hydroxide which gradually formed (through action of the moisture), by 
passing it tlirough capillary tulxs successively into 3 evacuated glass 
flasks. The amalgam was finally collected in a 500 cc. Pyrex to the 
neck of which was sealed a glass tube carrying a stopcock (as shown in 
inverted position in Fig. 2 below). This method yielded a liquid amal¬ 
gam containing about o. 2 atom per cent, of potassium with only a thin 
film of a white, solid substance. The method seems simpler than that of 
Maclnnes and Parker, and yields equally satisfactory results. 

The potassium hydroxide solution was prepared by electrolyzing with 
« strong current a concentrated solution of potassium hydroxide (purified 
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by alcohol) over a mercury cathode till a large quantity of a malgam crys¬ 
tals had formed. These crystals were separated from the mercury by 
pouring the mass through a Biichner funnel, were washed with water 
and transferred to a large resistance glass bottle containing “conductivity 
water” closed with a stopper carrying a water-sealed exit tube. The 
decomposition of the amalgam became nearly complete after 3 or 4 days, 
the action being hastened by* placing in the solution a platinum gauze 
connected with the amalgam by a platinum wire. The solution was then 
drawn through a tube containing a small asbestos filter into a nitrogen- 
filled Pyrex flask and the liquid was boiled under reduced pressure to 
expel the ait. The solution was kept under nitrogen, and the flask was 
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fitted with tubes so that portions of it could be drawn off when needed 
without coining into contact with the air. The potassium hydroxide 
solutions so obtained were 0.5 to o. 8 N. They were standardized by 
titration with a weighed portion of constant-boiling hydrochloric acid, 
prepared as described by llulett and Bonner,' with the help of methyl 
red, using a weight buret. The more dilute solutions were made by add¬ 
ing weighed portions of this stock solution to conductivity water in a 
weighed flask, boiling them under reduced pressure, and weighing the 
flask again to determine the exact concentration. 

3. Description of the Apparatus. 

The whole apparatus is shown in Fig. 1. 

The vessel A is the reservoir containing the amalgam. This vessel was 
connected below with 3 capillary tulies, of which only 2 (lettered B) are 
shown in the figure. These passed through rubber stoppers into the cells 
C, through which the dropping amalgam fell through the overflow tubes 
D into the vessel E, open to the atmosphere through the tube F. These 
amalgam electrodes are described in detail in Section 4 below. 

The 3 potassium hydroxide solutions of different concentrations were 
contained in 3 Pyrex glass bulbs G (of which only two are shown). From 
thee the solutions flowed through the connecting tubes H H into cells 
C, and emerged from them through the outlet J into the larger tube K 
and the bottle L. The space above the liquid in vessels G and I, was 
filled with nitrogen at atmospheric pressure, wliich was kept constant 
automatically because of the free communication between these vessels 
through the tubes M. 

The 3 half-cells N ( , Ns, Nj (of which only 2 are shown), containing the 
mercury, mercuric oxide, and potassium hydroxide solution previously 
saturated with it, were connected through tubes P with the 3 cells C con¬ 
taining the dropping electrodes. The half-cells were made of Pyrex 
glass, each having 4 separate electrode compartments at the bottom, as 
shown in the sketch in the lower right-hand part of the figure, which repre¬ 
sents an elevation at right angles to that in the main drawing. 

4. The Amalgam Electrodes. 

The first experiments were made with a flowing amalgam electrode of 
the cup form used by Lewis and Kraus, 1 Lewis and Keyes,’ and Mac¬ 
hines and Parker;* but it was not possible to find the conditions under 
which satisfactory results could be secured. A modified form of dropping 
electrode was therefore devised. This consisted simply of a small tube of 
about one mm. bore, to the lower end of which was joined a slightly taper¬ 
ing capillary tube about 1.5 cm. long and of such diameter that 14 g. 

1 Thj* Journal, 31,390 (1909). 

•Mi,,31, 146s (1910). 

• Ibid,, 34 , 130 ( 191 a). 
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or one cc. of pure mercury flowed through it per minute when there was 
a column of mercury 19 cm. in height above the capillary. Three of these 
capillary tubes were made of such dimensions as to give an equal outflow 
of mercury. These were joined, each through a stopcock, to the bottom 
of a glass cylinder (A in the figure) which served as a reservoir for the 
amalgam. 

The following table shows typical results which were obtained with 
dropping electrodes of this kind, and also the best results which were ob¬ 
served with flowing electrodes of the cup type. The cell measured was 
Hg + HgO, NaOH (0.25 It/), Naoo** Hr, NaOH (0.04 M), HgO + Hg. 
The first column gives the time in minutes after the flow was started; the 
second column the electromotive force in millivolts shown by the capil¬ 
lary dropping electrode, and the third column that shown by the flowing 
cup electrode. The results have no absolute significance, as the concen¬ 
trations were only roughly determined. 


Tabus 1 . 

Constancy of tie Electromotive Force with Dropping Electrode*. 

Electromotive for re 


Time 

DropputK etocttud* 

Cup 

Mm 

Mt 

Uv 

1 5 

93 7 « 

83 0 

3 0 

93 79 

88 5 

4 0 

93 80 

90 0 

5 0 


go 8 

6 0 


91 7 


5. Method of Procedure. 

In making a series of measurements the amalgam was first introduced 
into the receiver A. This was first thoroughly cleaned and dried, care 
being taken that none of the stopcock grease got into the tubes. The 
capillary tubes were then completely filled with pure, dry mercury up to 
and through the stopcocks. The reservoir was connected, as shown in Fig. 

! nVe f ted gksS fiask U contain ing the stock of amalgam through 
a tube V closed with rubber stoppers at both ends and provided with a 
side-arm with a stopcock. The whole arrangement was evacuated through 
the side-arm and the stopcock W was opened, allowing the amalgam to 

removed'and 'd 6 * eSenoir A ' flask M<3 connecting tube were then 
ZTTlT u Y D gen wa3 adjIlltted to the empty space in the rescr- 

thetube r » as'tot ^ ^ nitrogen attached to 

The mern, • -4 ^ ^ pressure equal to that of the atmosphere. 

The mercuric oxide half-cells were set up as shown in Fie 1 The nnt*«, 
slum hydroxide solutions tu ! D rig ' *• T »«POta*- 

air, and shaken for . toioho^ , <hcm wert Pteviously boiled to expel 

* ■ ~ 
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then charged into the half-cells up to the level of the side-arms by break¬ 
ing off tlie tips of the pipets, air being excluded by previously filling the 
cells with nitrogen. 

The potassium hydroxide solutions were then introduced into the ap¬ 
paratus. The overflow tubes D were filled with mercury, serving as a 
seal for the 3 cells C, and these were completely filled with the 3 potas¬ 
sium hydroxide solutions to be investigated. The bulbs G 
were charged with the solutious and connected with the 
cells C, as were also the mercuric oxide half-cells N. The 
reservoir A containing the amalgam was set m pi.ice, with 
its capillaries dipping into the solutions, and by slight suc¬ 
tion applied at the stopcock S the half-cells N and the con¬ 
necting tubes II and P were completely filled with the solu¬ 
tions. 

The whole apparatus (except the tul>e K and the bottle 
L) was supported on a frame witluu a thermostat, with 
the water standing at the level of the bottom o! the rubber 
stoppers in the mil C. 

In making an experiment, the solutions were started flow¬ 
ing through the apparatus, by opening the screw-clamps T, 
at a rate of about 50 cc per minute through each cell. After 
half a minute the amalgams were allowed to flow iu through 
the fully opened stopcocks, at the rate of about one cc. per 
minute into each cell. Measurements of the electromotive 
force between the mercuric oxide half-cells Ki and N», and 
between Nj and N 3 . were then made as rapidly as possible, the flow of the 
amalgam and the measurements being continued for about 4 minutes. The 
latest form of a I,eeds and Northrup potentiometer was used far the 
measurements. 

6 . Measurements with the Hydrogen Mercuric-Oxide CeU. 

Measurements of the electromotive force of the cells Hi 11 atm.), NaOH 
(o 001 to 0.3 N), HgO 4 - Hg were made primarily to test the repro¬ 
ducibility of the mercuric oxide electrode, but, since the results have 
interest as giving the free-energy change attending the reaction 
Hi + HgO - Hg + HiO, 
they will lie presented in some detail. 

The hydrogen hall-cell used w as the same as that described in the fol¬ 
lowing article. The sodium hydroxide solution was prepared by the 
same method as was used for the potassium hydroxide, and the mercuric 
oxide half-cells were also made up just as has been, already described. 

The values adopted for tlie electromotive force were those observed 
after the readings had remained constant within a few hundredths of a 
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SsilBvoft for an hour or more, which occurred within 2 hours after the 
cell was. set up. These values were not changed more than a few hun¬ 
dredths of a millivolt by shaking the mercury half-cells, which was done 
in all cases. They were also corrected for instrumental errors as described 
by Ellis. 1 Two standard cells certified by the Bureau of Standards were 
used, which agreed with each other within o 05 millivolt. 

The following table contains the results. The first column shows the 
number of mols of sodium hydroxide per 1000 g. of water. The second 
column gives the mean value in millivolts of the electromotive force of 
the cell at 25 0 derived from the valuer observed with the 4 mercuric 
oxide electrodes, and reduced to a hydrogen pressure of one atmosphere 
(taking into account the barometric pressure ; nd the vajwr pressure of 
the solution). The last column of the table gives the average deviation 
from their mean of the 4 values observed with the separate mercuric oxide 
“lectrodes 

Tabus n. 

Electromotive Force of tile Hydrogen Mercuric Oxide Cell at 23*. 


Mols NaOH per 

iil«\ trorootive 

Atrrsgt de 

1000 g of water 

force. Mr 

tum M 

O 316 

926 40 

0 03 

O IOI 

926 37 

0 04 

O 0316 

926 44 

0 02 

0.0103 

926 08 

O t >5 

O 00310 

926 37 

O OS 

O 00105 

926.66 

O II 


It will be seen that the average deviations from the mean of the ob¬ 
served values for the 3 more concentrated solutions are less than 0.05 
millivolt, and also that these 3 valuer agree with each other within nearly 
the same limit. This shows that the mercuric oxide electrodes, as well 
as the hydrogen electrode, were giving values reproducible within o 03 to 
0.0 millivolt. The somewhat greater variations m the more dilute solu¬ 
tion are probably due to their sensitiveness to slight concentration changes 
he average of the first 3 values is o 92640 volt Till. multiplied by 

frllZLZ T (eqUiValent t0 2 farada >' s > i78.8oo joules as the 

Ue(l) + H aUen f nS the rcart,on IIl( ' atm.) + HgO(r) - 

sted 1 iEff' Z T aSreC Cl( ** ,y with the "suits of Brdn- 

Stt° 9266 i0r tht de ^«noUve force of the 
cell Hi (1 atm ), NaOlI (0.672 M), HgO -f Mg at 25°. 

7. Measurements with the Mercuric-Oxide Amalgam Cells. 

Three sets of measurements were made In each *1 

niade of the electromotive force of the e,min ** < * SCTVatio »* 

**** N ' «■»<* the amalgam el«*o ZtTZt T*" 

' 38, 749 ( 19i6 ) C, and C, with mercuric 

’ z. phys. Chm., 65, 86 (1909). 
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oxide half-cell Nt, and of the combination of the half-ceB N- through the 
amalgam electrodes in Ct and Cj with the half-cell N*. Just before the 
amalgam and the potassium hydroxide solutions were started flowing, 
the 4 electrodes in each of the mercuric oxide half-cells were compared 
with each other. The average deviation of the 4 electrodes from the mean 
commonly amounted to 0.05 millivolt. That one which had the elec¬ 
tromotive force nearest to the mean was alone used for the measurements 
of the combination cells. 

Immediately after the flow of the amalgam was started the electro¬ 
motive force was unsteady hut within half a minute it had become con¬ 
stant and remained so within a few hundredths of a millivolt for about 3 
minutes. When the amalgam had mostly dropped into the solution, 
the values usually increased by 0.2 to 0.3 millivolt. The values of the 
electromotive force adopted were those observed soon after they became 
constant. 

Table 111 contains the observed electromotive forces E in volts for the 
3 sets of measurements, and the corresponding frec-energy decreases 
(—A F) in joules attending the transfer of 1 KOI I from the solution whose 
concentration c 1 is given in the first column to the solution whose concen¬ 
tration Ct is given in the second column. In the last column are given 
the activity coefficient ratios a h a» calculated by the equation 
— A/•' = R T log foai 'Viajl*, 

in which the quantities « really represent the geometrical means («£<*oh)' , ‘ 
of the activity coefficients of the two ion constituents 

Tjimx III. 


Electromotive Force o( the Mercuric Oxide-Amalgam Cells. 


Mot* KOH 

jhw 1000 j water 

Electro**!©* ive 

-if- 
96500 l. 


<1 

c*. 

* 

at/m 

08394 

0.0939s 

0 10807 

10429 

0.917 

0 09396 

0.01054 

v .10636 

■ 0264 

0.889 

0.4506 

0.04407 

0 11134 

10744 

0 S54 

0 04407 

0.004474 

0 11310* 

10914 

0 917 

0.2899 

0.02978 

0 10772 

10395 

0.837 

0.02978 

0.003473 

0 10730 

10355 

O- 9 +l 


• This value was obtained by introducing hydrogen electrodes in ptace'ot the 
mercuric-oxide electrodes. 

8. The Activity Coefficients. 

In order to show the degree of concordance of the 3 sets of measure¬ 
ments and to combine them into a single series, the activity coefficients 
were plotted as ordinates against the square roots of the concentrations 
as abscissas. To obtain absolute values of the activity coefficients it is 
ass ume d that the value at the lowest concentration, 0.0035 molal, is 
0.980, which is the value derived for the conductance ratio of potassium 
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at i8° from the conductivity data of Kohlrausch 1 and the ion 
conductances at zero concentration of Johnston.* This value, 0.980, is 
intermedia te between those adopted in the previous articles from this 
laboratory for the activity coefficient of potassium chloride* (0.979 «* 
0.001 molal) and for that of hydrochloric acid* (0.985 at 0.0034 molal). 
The method of plotting was to locate first the point a = 0.979, c “ 
0.00347, and then the points corresfxmding to the last a activity ratios 
in Table IK, and to draw a curve through them; then to locate on this 
curve the point for c = o 00447, and to locate without reference to the 
curve the other 2 points corresponding to the 2 activity ratios given in 
the middle rows of the table, and to draw die best representative curve 
through the 5 independent points - and, finally, to bring into the plot, by 
proceeding in the same way, the first 2 activity ratios given in the table. 
A second graph was plotted independently by another person in an ex¬ 
actly similar way except that the logarithms of the concentration (in¬ 
stead of its square-roots) were plotted as abscissas- 
The activity coefficients read off from the 2 plots at certain round con¬ 
centrations, and the means of die 2 values at each concentration, are 
given in Table IV- It should be noted that these activity coefficients 
a are really the geometrical means (argoon) 1 '* of the activity coefficients 
of the two ion constituents, and that they represent the activity coefficients 
of either ion constituent only under the assumption that the two are equal. 
In the last 2 columns of the table are given the values oi the conductance- 
viscosity ratio (Aij/Aoio) and of the conductance ratio (A'A 0 ) calculated 
from the conductance values of Kohlrausch 1 at 18°, die A„ value (237) 
for 18 0 derived by Johnston,* and the viscosity data of KaniU* at 25 


Table IV. 

The Activity Coefficients of Totassinm Hydroxide 


Mots prr 
1000 g- 
of nter 

- 

I 

Activity coefficients 

u 

Mrafl 

C ou<luc UtACe 

vi*coMty 

ratio 

I OO 

0 

.800 

0 786 

0 793 

0 877 

O 70 

0 

772 

0 772 

0 771 

0 880 

O 50 

0 

764 

0 766 

0 765 

0 s«4 

0.30 

0 

770 

0 768 

0 769 

0 889 

0.30 

0 

795 

0 791 

0 793 

0 891 

0.10 

0 

845 

0 847 

O 846 

0 910 

0.03 

0 

921 

0 919 

0 920 

0 959 

0 01 

0 

960 

0 961 

O 961 

0 963 

O 003 

0 

983 

0 981 

0 982 

0 9S0 


1 ‘Landolt u BOmstein, Tabelien,” 1913, p. JIa , 

* This Journal, 3t, jeoj (1909). 

* See Ellis, ibid , 38, 760 (pne), 

***" and Ellis, ibid , 39, (, 9 , 7 ). 

This Journal, 31,1015 (1909). 

* Z . pkys . Chem ., aa, 340 (1897). 


Cmiduct4«r* 

T»lto 

a 776 
o 804 
o 8 ji 

o 5 
o 870 
O 900 
0.«S 
o y6a 
0.980 
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It iriB be seen from these results, as was found by EQis in the case of 
hydrochloric acid, that: 

(1) The activity coefficient at first decreases with increasing concen¬ 
tration, but passes through a minimum at a concentration of about 0.5 
molal, and then increases rapidly. 

(2) Up to concentrations of 0.5 molal the activity coefficient has a 
much smaller value than the conductance-viscosity ratio (thus 7% smaller 
at o. 1 molal, and 11 % smaller at 0.2 molal), thus again showing that this 
ratio, even at these moderate concentrations, is not even an approximate 
measure of the effective ionization of Largely ionized substances. 

CAMtRUms, Mam 
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i. Introduction. 

This investigation consisted in measurements of the electromotive 
force of voltaic cells of the type 

Hr (1 atm }. HC 1 fa) + KC 1 fa), IIg,Cl, + Hg, 
in which the separate concentrations a and c* were varied, but their sum 
Ci -f Ct was kept constant, namely, in these experiments, at 0.1 N, The 
purpose of the research was to determine directly the value of the product 
of the activities of the hydrogen ion and chloride ion, and to draw conclu¬ 
sions as to the separate activities of these two ions in the mixture. 1 

A similar research with the same object in view has already been pub¬ 
lished by Loomis, Essex, and Meacbam;’ but as it was found possible in 
the present investigation to secure more constant and reproducible elec¬ 
tromotive forces, and as the data lead to conclusions somewhat different 
from those drawn by these authors, it seems desirable to present here the 
results of my measurements Reference should also be made to the work 
of Harried,* who measured the same type of cell, but kept the concentra¬ 
tion of the hydrochloric acid, not that of the mixed electrolytes, constant. 

This research was carried out at the suggestion of Prof. A. A. Noyes. 

1 In retard t® the concept of eethrity and activity coeffietent* here employed, 
act the fine section of the preceding article. 

» T*» Journal, 39, nyj (1917). 
i<fSS (191ft). 
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with the aid of a grant made to him by the Carnegie Institution of Wash¬ 
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ho the preparation of this article for publication. I wish also to thank 
Dr. Duncan A. Maclnnes for his interest and suggestions throughout 
the progress of the work 


2. Apparatus and Experimental Procedure. 

The form cf calomel half-cell used is shown in the figure, in which 2 
Cross-Sections of the half-cell at right angles to each other are represented. 
"It will be seen that these half-cells had 4 compartments containing 4 
separate calomel electrodes. The hydrogen half-cell ioed differs from 



that tembri by Noyes Ellis' only in ti, re,p«t Out th fakt uO* 

for 0,= bytofa , separate tnbulos «ilb a *r^ M johT» 

that it could be removed for cleaning. ^ 

Before introducing the solutions into the calomel half<ell thev 
saturated with calomel by a ritati„<r bCy were 

and the solution in a sealed oinet at f UW merCury * ca ^ ome ^ 

machine for 5 to 10 ho^m i„Tl temperat » u,e ta » 

reduced pressure, and the solutions l.T T ° Ut « ad * r 

out coming into contact ^ r j «*** 

•Xms joomui.* ^ of tmoviag the 




ACTIVITIES OF IONS IN MIXED ELECTROLYTES. 


499 


air seemed, however, to make little, if any, difference; but the agitation 
of the calcanei with the solution is essential. 

The method of making the observations and the corrections applied 
were the same as those described by Ellis.' Two standard cells were em¬ 
ployed which had been recently certified by the National Bureau of Stand¬ 
ards. 

3. Preparation of the Substances and Solutions. 

The mercury was purified by blowing air through a mass of the liquid 
covered with dil. nitric acid, and subsequently distilling it in a current 
of air at reduced pressure. 

The calomel was made electrolytically as described by Ellis. 

The hydrogen was made by the electrolysis of stxlium hydroxide solu¬ 
tion. It was purified by passing it through a wash bottle containing 
water kept slightly acid v. ith hydrochloric acid with the aid of an indica¬ 
tor. For use in the cells a o t A’ hydrochloric acid solution was made 
by diluting by weight with freshly distilled conductivity water the con¬ 
stant boiling acid, prepared as dccrilied by Hulett and Bonner. 1 The 
accuracy of its acid content as given by Hulett has been rejjeatedly checked 
in this lalxiratory by gravimetric determinations of the chlorine as silver 
chloride. 

The potassium chloride used was an imported preparation, which had 
been dried for several days at ioo°. A solution of this containing 0.1 
mol. of potassium chloride per 1000 g. of water was made up. To deter¬ 
mine how nearly neutral this solution was, its hydrogen concentration 
was determined by placing in it a hydrogen electrode and combining it 
with a calomel half-cell containing potassium chloride at the same con¬ 
centration. The various solutions prepared were thus found to have 
hydrogen ion concentrations lying between t and 5 X io~’. The larger 
of these quantities would product an error of only 0,5^ in the add con¬ 
centration in the most dilute solution investigated (0.0001 molal). Fused 
potassium chloride, on the other hand, gave a solution distinctly alkaline, 
with an hydroxide ton concentration of about 10 

The mixtures of hydrochloric acid and potassium chloride were pre¬ 
pared by weighing out definite quantities of the two 0.1 molal solutions. 
This yidded mixtures always containing just o. 1 mol of chloride per 1000 
g. of water. The contents in hydrochloric acid and potassium chloride 
were calculated from the weights taken. 

4- The Experimental Results. 

Table I contains the results of the experiments. The first and second 
columns give tire concentrations, in millimols per 1000 g. of water, of the 
hydrochloric add and potassium chloride, respectively. The third col- 

* This Jovhhau 18, 748-749 (1916). 

* njjt 
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umn contains the corresponding values of the electromotive forces of the 
cells at 25°. These values are the means of the observations for the 4 
calomel electrodes with the 2 hydrogen electrodes (which always checked 
each other within about o 01 millivolt). The fourth column contains 
the average deviations of these values from tire mean. The fifth column 
gives the reduced barometric pressure. The sixth column gives the ob- 
served values reduced to a hydrogen pressure of one atmosphere. These 
values were corrected in the usual way, taking into account the vapor 
pressure of the solutions and variation of the barometric pressure from 
one atmosphere, as described in detail by Ellis 

Table 1 

Electromotive Force of tlie Cells at 25° in Millivolt". 

MU U trials per 1000 * water hJcctroono- Klwtrftmo- 


HCt 

—— —. 

tn e force 

Average 

BurooutfU: 

live force 

KCl 

observed 

drvwttun 

pressure 

correct id 

500 O 

O OO 




399 04" 

3 * 7 i 

63 29 

428 33 

o 04 

76 04 

428 70 

20 00 

90 00 

45 * °7 

0 

76 04 

458 52 

3 o65 

'>6 93 

4 »S 54 

O 05 

76 04 

488 90 

« 055 

98 94 

5 IS 52 

O Ol 

76 01 

5*5 89 

r 000 

99 00 

516 98 

O 03 

76 82 

5*7 »* 

0 339 

99 6* 

544 6* 

0 o& 

76 02 

545 06 

0 316 

99 68 

546 50 

0 OJ 

75 65 

546 96 

0 304 

99 70 

547 73 

0 08 

76 22 

548 06 

0 233 

99 78 

555 45 

0 u 

76 02 

455 8.4 

0 100 

99 90 

574 4 * 

0 oh 

76 <>2 

.476 4J 


*ptis value is that found by Ellis (tec at, i> 754) n Jf ,r,cr. substantially 

with the values (03990, 03995, 03988) found by others summamctl by 

Brighton and Sebastian (Ttus Jolknal, 3Sl , 27 „ ,'.917); I„ Uicir summary, (hen* 
authors made a slight nnslaVt in quoting Ellis* value as o 39.33 instead ,,f 0 Jw> 


5- Discussion of the Activity Coefficients. 

By subtracting the first of the electronstne-foui. values given m the 

r -'T ° f r 1 “ bl " 1 fu,m the succccd "»K '#!««■» then- is obtamed the 
electromotive force of cells of the following tv pe 

? HC1 (f) + KC! ( ° 1 c, ‘ H * + «Cl (0 < I If, (r atm.) 

The free-energy decreases obtained by multiplying these differences bv 

SiW the tnU1Sfer ° f ' HG fron > the « ' medal hydro 

StS isf T 1 XtUrC “ Wh '° h the chloride ^, 

the productof’TT ^ W3y ctohl# * 

and chloride ion constituents in them T* *”* *** ° f th * hyflro 8* n ion 
o.t molal soSion ‘ S *, “* ^ P"** « «* 

tricity passes through Ihe j from kllT' ?! \ ( * e ° ttta-U > * 
mol of hydrogen faf frl, Sutict i 'ft » a *"“■* <*» 

concentration) is 0 i («„!„ an( . • !*? u ' * lts acLivit . v (or effective 

transfer of one mol of cht.lL r. W Kh . ,ts “* w *y » e«H, «ad ft 
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is 0.1 («ci)o.i to one in which its activity is o.i («ci); whence follows the 
following expression for the free-energy decrease (— &F): 

—AF * (B — Bo ,)p ~ RT log °- 1 ( g °)° 1 . 

ca H aci 

The following table gives the so-calculated ratios of the products of 
the activity coefficients - 

Table 11 

Activity Coefficients of Hydrochloric Acid in the Mixture. 


Minimal* HC! 

«H«a 

pe*«IOOr>* 
of wat tr 

t«H >0 U“Ci >0 l 

IfXi 00 

l OOO 

31 71 

0 994 

10 00 

0 987 

i 065 

0 988 

< ojs 

l 003 

1 OOO 

1 005 

0 339 

l 003 

0 Jt6 

l 005 

0 304 

0 995 

0 323 

l 003 

0 100 

1 003 


These data show that the activity coefficient of the hydrochloric arid 
has substantially (within i° ( ) the same value in all the mixtures. Thus 
the deviations from unity show no steady progression, and the maximum 
deviation of 1 y< corresponds to a variation in the electromotive force 
of o 65 millivolt. In other words the product of the activities of the 
ions is proportional to the product of the concentrations of hydrogen ion 
and chloride ion constituents, even when the concentration of the arid ia 
varied from o 000 s to o 1 iV provided, as in this case the total concentra¬ 
tion of electrolyte in the solution remains constant. 

If we make the assumption rendered probable by the considerations 
recently presented by Mac I ones, 1 that the chloride ion has the same ac¬ 
tivity in solutions in which the chloride concentration is the same, whatever 
may be the cation associated with it, we reach the conclusion that the 
hydrogen ion lias an activity proportional to Us concentration. In o ther 
words, that it behaves os a perfect solute, so long as the total ion concen¬ 
tration in the solution remains unchanged. Since the hydrogen ion might 
be expected to be especially sensitive to disturbing infeum^ this result 
substantiates the principle that the activity coefficient a/e of the uni¬ 
valent iocs of largely ionized substances is in general a function of the total 
salt or total km concentration, and not of its own concentration. 

If, on the other hand, we do not make the assumption that the chloride 
k» has the same activity in the different mixtures, we must accept the 
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alternative that it has a variable activity which is just compensated by 
an opposite variation in the activity coefficient of the hydrogen ion. As 
this alternative is improbable, the result lends support to the assumption 
itself, namely, to the principle that the activity of the chloride ion in 
solutions of different largely ionized univalent clilorides or of mixtures 
of them is determined by its own concentrations and is independent of 
the cations associated with it. 

Finally, reference must be made to the results of Loomis, Essex and 
Meacham, 1 who measured the electromotive force of the same type of 
cells also with potassium chloride and hydrochloride acid at a total con¬ 
centration of o. i 1 V. Their data, unlike those above presented, show with 
increase in the proportion of potassium chloride, a progressively increas¬ 
ing deviation of the observed electromotive forces from those calculated 
under the assumption that the activity coefficient of the hydrochloric 
add remains constant. Moreover, the variation is in the direction that 
corresponds to greater activity of the chloride ion in the acid tlian in the 
salt solution, which accords with the results of Noyes’ on the relative 
effects of hydrochloric acid and the alkali element chlorides on the solu¬ 
bility of thallous and plumbous chlorides. The deviation amounts, how¬ 
ever, to only 1.28 millivolts even in the mixture most dilute in hydro¬ 
chloric add (that 0.01 N in hydrochloric add and 0.09 jV in potassium 
chloride); while the check measurements with the same mixtures often 
differed by o 5 millivolt.* This deviation of 1.28 millivolt, if not due to 
experimental error, corresponds to a variation of s'/i hi the product of 
the activity coefficients. Inasmuch as the calomel electrode used by 
these investigators showed accidental variations 10 times as great as those 
used in the research here presented, it seems justifiable to give greater 
weight to the data of this artide and to regard as most probable the con¬ 
clusion drawn from them as to the constancy of the activity coefficients 
in the mixture. 

Cambridgb, Mass 

1 This Journal, 39, 1133 (1917). 

* Z. phys. Chem., 9, 609, 623 (1892). 

* It may be mentioned that the authors referred tbeir conrentrations to one liter 
of solution, while in the present research they are referred to iouo g. of water; but 

calculation shows that this affects the ratio of the concentrations in the two limiting 
cases by oniy 0.1%. 



ELECTRONIC CONSTITUTION OP CARBON CHAIN COMPOUNDS. 5O3 

[CotmtisrtrnoNS not 1 the Che in cal Lasobatorv of Clast University, I. 5 1 

THE ELECTRONIC CONSTITUTION OF NORMAL CARBON 
CHAIN COMPOUNDS, SATURATED AND UNSATURATED. 

By Eustace J Ctry (Covyvmdjopoulos) 

Received December 2 , 1919 

In a recent paper on “The Electronic Constitution of Acetoaeetic and 
Citric Acids and Some of Their Derivatives,“ Hanke and Koessler, 1 
making the implicit assumption that organic compounds are polar in 
nature, give the following formulas based on the reactions of these com¬ 
pounds: 

Acetic acid: 

H o 

+ — 

— 4 * + 

H+-C-+C+-O-+H 


Acetone: 


H 

H H 

+ + 


H+ — C — + C + — C — + H 

+ 

H 

Acetoaeetic acid 

11 

+ 

H+ — C- + C + --C- +C + —O — + H 
- ++ - ++ 

+ — + 

H O H O 

Acetone dicarbonic acid 

O H O H O 

+ + - ++ — + + 

H+ —O — + C + -C — + C+ —C- + C+- —0—+H 



Citric acid: 


+ 

H 


H + 


0 


+ + 

o— + c + - 


H 

+ 

C — 


+ 

II 


+ 

u 

0 ~+H H O 

+ -++ 

+C+—C—+C+— 0 —+H 

CflO tl 

* 4 - 


0—+ H 


A striking fact is to be observed, namely, that in all 5 of the above 
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given carbon chains the carbon atoms are alternately positive and nega¬ 
tive. 

The present paper will adduce evidence tending to establish the fact 
that in a chain of carbon atoms the tendency is for these atoms to appear 
alternately positive and negative whenever possible, and that the alter¬ 
nating sign of the charge in the above cited 5 examples is not accidental. 

We shall exclude from consideration in the present papier carbon chains 
including aryl groups, since there is no generally accepted notion of the 
structure of the benzene ring 

If it be conceded that organic compounds are polar in nature, as are 
inorganic compounds, 1 although possibly to a less degree, then the struc¬ 
ture of a member of the methane senes will be either 


H 

+ 


H 

+ 


H 

+ 


H 

+ 


H 

+ 


H+ — C+ — C -f — 0 + - C + — C-+H 


m 


or 


+ 

H 


H 

+ 


H 

II 

+ 


-) 

H 


H 

+ 


-I 

H 

H 

+- 


f 

H 


H 

+ 


H+—C-+C+—C—+C+-C-+H 


+ 

H 


+ 

H 


+ 

H 


+ 

H 


+ 

H 


or, omitting the hydrogen atoms ior the sake of simplicity 


or 


-C + -C + — e+ — c + — c - 


-C- + C+-C- + C+. 


(11) 


( 1 ) 


( 11 ) 


"" — - * *£ 

If rr 


I! 

“f 


n 

+ 


H +-c +-c -f 


H 

+ 


H 

+ 


H 

+ 


+ 

H 


or 


+ 

II 


-C-f — C + —C + 


o 

i f 

-c + . 


+ 

H 


+ 

H 


+ 

K 


-o-- + H a) 
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H H H H H 0 

t t ± ± T ++ 

H-J-C — + C + — C — + C + — C — + C + — O — + H (II) 


+ + + + + 

H H H H H 


that is, 

-C + 

-C+-C+ 

- - ++ 

—C+—C+—c+ 

(I) 

or 

— c — 

+ c + -c- 

--++ 

+ C+ — C— + C+ . 

(II) 


If the Formulas I are correct, it should lie found that the addition of suc¬ 
cessive CHj groups causes a change in the physical constants of the com¬ 
pound by a constant amount or by a constantly and continuously chang¬ 
ing amount If A' represents the value of a given physical constant of a 
compound of h carbon atoms in a given scries, then we should expect 
X to vary continuously with the number of carbon atoms in the com¬ 
pound. If X is represented graphically as a function of n, the number 
of carbon atoms, wc should expect all points to lie on a simple, continuous 
curve. The value of AAV An, the change in the property X for the addi¬ 
tion of one carbon atom, would then always have the same sign and would 
either increase or decrease continuously with «, the number of carbon 
atoms present in the compound. The latter case is obviously to be ex¬ 
pected. A similar continuous curve is to be expected if the differences 
AA'/ An for successive carlion atoms be plotted against values of n. 
If, on the other hand. Formulas II are correct, then in a homologous 
series, such as the paraffines, as can be easily seen from the following 


formulas. 

-C- <«) 

-C~ + C- (a) 

-C-+C + -C- is) 

-C- + C+ -C- + C- u> 

-C~ + C +-C" + C+-C- is) 

--C—-+C + -C—- + C+ -C- + C- {«) 


the compounds containing an even number of carbon atoms form a homol¬ 
ogous series and those containing an odd number of carbon atoms form 


AlWtilttM' t*. 


.1 



S©6 
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(3) differs from (5) by the same + C H -C — group. Similarly, (2) 


differs from (4), and (4) from (6) by — C-(- C +. But (1) differs from 


(2) by a + C — group, and (2) from (3'' by £+ C 4 -C — — £+ C — 1 . 


Similar formulas may readily be written and compared in the case of 
other homologous series with the same result, 1 c , that the members con¬ 
taining an even number of carbon atoms and those containing an odd 
number give 2 distinct series 

If Formulas II are correct, then a given property X should vary con¬ 
tinuously for each of tire 2 series the even and the odd, but shouldjnot 
be the same foi the 2. Thus, when represented graphically, the com¬ 
pounds with an even number of carbon atoms should give points lying 
on a simple continuous curve, while compounds containing an odd num¬ 
ber of carbon atoms should give points lying on another simple, and jjer- 
haps similar curie, not identical with the first. The addition of a single 
carbon atom would then cause a displacement from one curve to the other, 
while the addition of 2 carbon atoms should'eause a displacement along 
the same curve. In certain instances the differences between the 2 curves 
may be small. In that case it is sometimes*possil>!e to show the distinc¬ 
tive nature of the odd and the even series by means of plots of the differ¬ 
ences AX/ An, or even differences of higher order. 
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acids 1 are alternately high and low and tend toward a common value as 
the number of carbon atoms increases. In Fig. i, the melting points 
of the monocarboxylic acids in degrees centigrade are plotted against 
the number of carbon atoms in the compounds. As is to be expected on 
the basis of the present theory, 2 distinct simple curves are obtained which 
are very similar and which exhibit a break at the fifth carbon atom. 
This break might perhaps be accounted for on the basis of Baeyer’s Strain 
theory (Spannun%e-tkeorie)? 

Similar alternately high and low values of the melting points giving 
2 separate and distinct curves have also been observed in the case of di- 
carboxylic acids.* In Fig. 2, the melting points of the dicarboxylic adds 



Number of auixa atoms. 

Fig. 2 —Melting ixmils of dicarlxnylic acids 

in degrees centigrade are plotted against the number of carbon atoms in 
the compounds.* Again we obtain 2 separate curves as we should ex¬ 
pect,* and again a break occurs in each curve at about the same point 
1 Baeyer, Btr., 10, n&6 (1877}. 

* Baeyer, HU.. 18,2277 (»88j) 

» Henry, Cmpt. mut., Ho, 943 (iSSj); Baeyer, Btr, to, 1286 (ts 77 ) ; Notdfager. 
23, ajj9 (>890). 

‘The data for Fig*. 1 and 1 were taken from ''Lekrtmeh der Organiachen Chenue,’* 
by V. Meyer and P. Jacobson. 

* Folk and Nelson (Tins Journal, 32, 1640 (1910)) offend a somewhat amilw 

expknatk® for the alternately hteh and low tnlnsut nf ttw —uJUi. - » ■* 
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as in the monocaiboxyhc add senes. wU.ee 

accounted for. . nonna i paraffines in degrees eenti- 

I» *• 3 . * A8*i» « 

««* " e " tlU ” i '^“ n^VtliaractoUUo o! the cmv« more <*• 
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Number of carbon atoms 
Fig j —Melting points of normal paraffines 

dent the differences AX/ An arc also plotted against the number of car¬ 
bon atoms. Similar curves result in the case of several other scries. Tbe 
necessary data appear in the literature. It is fo t>e noted that the even 
series give a higher melting point curve than the odd series. 

Biach* in his article in “Cbcr !u p/lmassigkaten in homdegm Rithtn," 
several years ago, gave a very large number of examples of such homologous 

' The data for Fig 3 were uk< u from “The Relation between ChcmiMl Con¬ 
stitution and Some Phisical Properties,’' by S. Smiles 
1 Biaeh, Z physth Chm , 50, 43 (190J). 
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series whose melting point (or whose melting-point differences AX/ Am) 
are alternately high and low; including paraffines, alkyl iodides and cyan¬ 
ides, alkylmethyl ketones, fatty acids, dicar boxy lie acids, acetamides, acid 
anhydrides, a-oxy-fatty adds, ketonic acids, normal diamines, lactams, 

J -valerolactams, dicarbonic add anhydrides, alkyl malonic adds, and 
alkyl succinic acids. Also boiling points of 22 series, densities and molecu¬ 
lar volumes of more than jo series, viscosities of 8 series, solubilities of 3 
series and several other series of constants. 

Particularly in the ease of the melting points, the tendency for the even 
and the odd carbon atoms to lie upon 2 distinct curves is very noticeable, 
and, while in lie case of the other properties the series do not appear to 
be so distinct, they, nevertheless, show a tike character. Although the a 
curves arc not as distinct in some cases as in others, the cases where the 2 
curves distinctly appear are altogether too numerous to be attributed to 
chance. Moreover, it is not improbable that inaccurate data may tend 
to mask the characteristics of the curves. The physical properties of 
homologous series seem therefore to sup;xirt the hypothesis that alter¬ 
nate carlxui atoms in a on bon chain tend to become positive and the rest 
negative. 

Further evidence in support of the present hypothesis, namely, that 
carbon atoms in a normal carbon chain compound are alternately electro¬ 
positive and electronegative, is found in the addition of hydrogen halides 
to unsaturated earlion compounds. Markownikoff's rule states: "When 
unsymmetricallv constructed hydrocarbons of the series Cnlij* combine 
with hydrogen iodide, the iodine is added to the least hydrogenated car¬ 
bon atom." 1 The rule also holds for other halogen acids. This rule fol¬ 
lows from the present hypothesis, since the most hydrogenated carbon 
atom will be electronegative, tire adjacent carbon atom will be electro¬ 
positive and will unite with the negative radical (Cl“, Br“, I "); that is, 
each carbon atom tends to assume either an entirely electropositive or 
electronegative characti r whenever possible. According to our hypo¬ 
thesis the electronic formula of propylene is 

If 

4 

H + — C — + CX ZC— + H 
■+ + + 

, H H H 

for in accordance with Urn hypothesis we find the reaction 

CH4CH-CII, + HBr —► CHsCHBrCH». 

Si mllaf ly 

CH,CBr«CH* 4 - HBr —► CHjCBrrCH,; 

(CHi)jC*CHi f HBr ~~w {CHr)*CBrCH*. 

' Sayuefl. Am., 179, ag6 (187s) 
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It has been shown, however, that Markownikoffs rule fails in several 
Cases. For example, when hydrogen iodide is added to Q'-ethylidene- 
propionic acid, [CH3CH=C(CH 3 )COOH], the compound CH*CH*CI- 
(CHs)COOH should be obtained according to Markownikoffs rule, while, 
instead, the compound CH 3 CHICH(CH 3 )COOH is obtained, 1 This 
case, which proves the insufficiency of Markownikoffs rule, is very readily 
accounted for by the present hypothesis. The electronic formula for 
a-ethylidene-propionic add is 

H 0 

+ — — 

" , ++ 

H -i-C— + C £ ZC- + C + -O- + H 

- - + 

*}* + 

H H H+—C— + H. 


+ 

H 

The first and fourth carbon atoms are, respectively, entirely electronegative 
and electropositive, and the third and second almost entirely so; 
and the atoms are arranged in the order C negative, C positive, C nega¬ 
tive, C positive. When hydrogen iodide is added to this compound, it is 
to be expected that the electronegative radical I- will go to the second 
carbon atom which is electropositive, and the electropositive H + atom 
to the third carbon atom which is electronegative This has been found 
to be the case. 

The present hypothesis, therefore, embraces Markownikoffs rule since 
it accounts for all the cases where this rule holds. That it is more general 

follows from the fact that it also accounts for those cases in which Mark- 
ownikoff’s rule fails. 


The addition of hydrogen bromide to unsaturated hydrocarbons hav- 

present theoiy. According to Ipatieffs rule- ‘‘Dihydrobromides anfm« 
need by the addition of hydrogen bromide to hydrocarbons of the allene 

22 ." t„JLt£7 ine atom arc not *** 

+ llm ’ -* (CH.wacacHftca,; 

CH, ’ + "* Br (C-X.WBrfMMJH.B,- 

» **£££ 2 t7^ZH U>CBrCm 

■ten, Chtm. n 1 '7,'l,‘5" d a p. 
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and negative charges were evenly distributed among the carbon atoms, 
the addition product ought to be (CHj) a CBrCHBrCHj or (CHj)jCHCH- 
BrCHjBr. According to the present hypothesis the carbon atoms will 
tend to become alternately entirely positive and negative, as far as possi¬ 
ble. Omitting the hydrogen atoms, the electronic formula of (CH»)*C — 

C “ CHj is therefore: 

-c- + cXzcztc~ 

- + 

— C — 

This accounts for the fact that bromine does not add on adjacent carbon 
atoms, since adjacent carbon atoms are not of the same electronic charac¬ 
ter. The present hypothesis, therefore, accounts for Ipatieffs rule also. 

A very interesting question which Markownikoff s rule does not answer 
is: How will HX (when X is Cl, Br or I) add when both atoms of an un¬ 
saturated hydrocarbon at the double bond are equally hydrogenated, as 
for example, in CHjCH = ClICHjCHj. Saytzeff, who first asked this 
question, answered it only for the particular case of CHjCHjCH => 
CHCHj, showing experimentally that* 

CHjCHjCH “CHCHi + HI —► CHjCHjCHjCHICHj. 

In a straight chain unsaturated hydrocarbon containing an odd number 
of carl>on atoms, it would be expected that the negative radical should 
add on the second, fourth or an even carbon atom. Since carbon atoms 
tend to become alternately positive and negative and since the first and 
last carbon atoms have 3 hydrogen atoms adjoined, they and all the 
odd carbon atoms will consequently be electronegative and the even ones 
will be electropositive. Very few cases have been investigated, but they 
all agree with the present theory. We have 1 

CHjCH “-CHCHjCH* + HBr —* CH,CHBrCH»CH*CHj; 

CHiCH*CHCHjCHi -f HI —> CH,CHICH*CH*CH,; 

CH»CHjCHtCH '“CHCHj + HCi —> CHjCHjCHjCHjCHCICH*. 

On the other hand, an unsaturated carbon chain with an even number 
of carbon atoms may give one or both of the possible addition compounds 
depending on the nature of the reaction products. 

' Another example of a similar type is* 

CHjCH-CHCOOH + HI —> CHjCHICHjCOOH. 

1 Saytxefif. df»»„ 179, *97 (1873b 

* Beilstetn. "Handbuch der Organiscben Chenaie,” 3rd Edition, I, pp. 176, 153. 

*54 

* Meyer end Jacobson, he. fit., p. 933. 
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This reaction also is in harmony with our view since in 

H H H 0 
+ 


H 

+ 


++ 


H+ —C—+ C| 1 C—+ C + - 0 —+ H 

+ 

H 

tlie second carbon atom is electropositive and should add on the electro¬ 
negative iodine. 

Another case' for which there is no rule giving any information as to 
the course of addition of a hydrogen halide is that of CU 3 CH —- CHBr. 
It has been found that both possible products are formed, namely, CH»- 
CHjCHBrj and CHjCHBrCHjBr. The electronic formula for CHiCH *» 
CHBr may be either 

H H H 

+ + + 

H + -C- + cr±C + -Br (I) 


or 


+ 

H 


H 

+ 


H 

+ 


H 

+ 


H + — C — + C + T C + — Bt 

+ 

H 


(IX) 


1 bo ' form ' llas come equally near to fulfilling the condition for alter¬ 
nately positive and negative carbon atoms, both electronic isomm will 
sexist and consequently both reaction products should be obtained 
This has been found to be the case, 

} the isomeric rearrangement of alkyl halides can be readily ac- 
J?/” ^ b3Sis of the P feseot hypothesis. It is a well-known 

£ 2 . 52 ^ 

>8 er to the secondary propyl bromide,’ thus,' 
and similarly, 3 CHlCHsCH = Br — CHiCHBrCH,, 

The r 'CH^iCHCHiBr -* (CHjJrCBrCH,. 

^™strr° ttakep,a “- *■ “-*»*■* 

An explanation of the striw A l ° * IVe t!>e secondar y bromide.’ 
P«M» appear, J* „“ l “'W«« of tta, «... 
lypolheys account, f,„ the f ac t „,,, I'tfctcfnre The present 

’ Cohen, he m p „ 5 ” the 6rst 2 reactions take place only 

J Aronstem, 

'Ehekcff.tW.g, x - u l' M*"-**' 39» (.873) 
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as written above as well as for the non-occurrence of a wmflar reaction in 
the third case. The electronic formula for CH|CHjCH»Br is 

H H H 

+ + + 

H + —- C — + C + — C-)-Br 

+ + + 

H H H 

i. -C-+C+-C + 
and for CH,CHBrCHj is 
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H Br H 

-C- + C+ -C- 
— + - 

It is evident that of the a, the second formula comes the nearer to ful¬ 
filling the condition for alternately positive and negative carbon atoms. 
Consequently the primary bromide under proper conditions will rear¬ 
range to give the secondary bromide, while the reverse reaction will not 
take place. The reactions of (CIUiCHCHjBr can be readily accounted 
for on the same basis. The electronic formula of primary butyl bromide 
(CHjCHjCHjCHjBr) is 
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and that of the secondary is 
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It is evident that the carbon atoms in the first formula are approximately 
alternately positive and negative, while in the second formula the charges 
are mope evenly distributed. According to our hypothesis, of 3 possible 
isomers that one is more stable which has its carbon atoms alternately 



BOSTACS J. COY. 


positive and negative, as far as possible. Consequently the transforma¬ 
tion of the primary to the secondary bromide should not occur, which is 
In accordance with the facts. There are no observations available re¬ 
lating to the reverse reaction in this case. 

It is to be kept in mind that the present theory is founded on 2 assump¬ 
tions. First, that carbon compounds are of the same nature as inorganic 
compounds; that is, they are polar. For example, as NaCl is assumed to 
be Na + ~C1, so CII 4 is assumed to be H + ICZ + h- Second, that the 
carbon atoms in a chain compound tend to become alternately positive 
and negative, and the more nearly this condition is fulfilled, the more 
stable is the compound. The first assumption may in a certain sense be 
considered self-evident, since the division of chemical compounds into 
organic and inorganic is universally admitted to be arbitrary and since 
the difference between the two classes seems to be one of degree and not 
of kind. 1 Many writers on organic chemistry in recent years have em¬ 
ployed electronic formulas for organic compounds. : 

With the aid of these two assumptions it thus becomes possible to ac¬ 
count for a great many facts which otherwise appear unrelated on the 
basis of the common theory of the structure of carbon chain compounds. 
The fact that the various phenomena discussed above may be accounted 
for on the basis of the assumptions made, serves as a support for the cor¬ 
rectness of these assumptions. 


nummary. 

Assuming that carbon compounds are polar in nature and that carbon 
atoms in a chain tend to assume alternately positive and negative charges, 
it has been shown that the fluctuation in the various physical properties 
of these compounds such as melting points, boiling points, and so forth, 
betweoi the even and the odd members of a given scries may be accounted 
or. ^anous reactions, in which these compounds take part, such as the 
addition of halogen acids and the isomeric rearrangement of the halides 
may hkewise be accounted for, on the basis of these assumptions. 

wohcbstbb. Mass r 


compounds seem to 'w!' ’ - ? o' state ’ " Thuif even carbon 

than hydrogen, etc and ^ tmtcr electrons 

course, very much less than that 0/ “ CMor,M ' elc Thc Polity i*, of 

l 6 ’ 2 # <»W 4 ); 34 , d 6 JO> » <’«*>: 
82, 665 (1913); Kelson, Beans and Falk tw r 7 ’ j85 ' i9& *»(«»!*); 

3J > Ifi37 33. nys („,o w A r' iS> -f*° (mih P3jk ^ 
h- W Jones and Werner. ibid., 40, l2 ' 'i' W , »*«*•• j6, ia68 (19,4); 

4 > “57 (19.8); Kanke and Koesder, 40 , ^ 



ATOMIC WEIGHT OF SAMARIUM. 515 

{Contribution non the Chemical Laboratory on the Unxvbmut or Illinois.] 

OBSERVATIONS ON THE RARE EARTHS. X. THE PURIFICA¬ 
TION AND ATOMIC WEIGHT OF SAMARIUM.' 

By A. W. Owens, C. W. Balks and H. C. Keekers. 

Received December 26, 1919. 

Introduction. 

This investigation was undertaken as a part of a general program mapped 
out in 1911 for work on the purification and atomic weights of the differ¬ 
ent rare earth elements. The samarium material was purified to a high 
degree preliminary to the determination of its atomic weight. The ratios 
oxide to chloride, and oxide to chloride hydrate, were found to be unsatis¬ 
factory and were replaced by the ratio chloride to silver. 

Purification of Reagents. 

The water used was redistilled from alkaline permanganate and gave 
no test for chlorides in the nephclometer. The oxalic acid was prepared 
by twice recrystatlizing c. p. acid from water acidified with nitric arid 
and once from water alone. The acid thus prepared gave no residue on 
igniting a jo g. sample, c. p. nitric and hydrochloric acids were redis¬ 
tilled from a quartz flask as needed. Hydrogen chloride was prepared by 
dropping c. p, sulfuric acid into c. P hydrochloric acid and drying the gas 
by passing it through beads moistened with sulfuric acid. Nitrogen 
was prepared by burning ammonia and air in a quartz tube containing 
copper gauze and was then purified by removing the water, carbon di¬ 
oxide, arsine, etc. The air was purified in the same manner. The ap¬ 
paratus for the purification of hydrogen chloride, nitrogen and air has 
been previously described.' The silver used was very kindly donated 
by Dr. H. C. Kremers. Its preparation has been previously described 
by him.' 

Preparation of Pure Samarium Oxide and Chloride. 

(a) Separation of Samarium from Lanthanum, Praseodymium and 
Neodymium. — The source of the material used in obtaining the pure 
samarium material was some 400 pounds of cerium-earth double sulfates 
from the Welsbach Mantle Co. These sulfates contained all of the mem¬ 
bers of the cerium group, but as the original source of the material was 
monazitc sand there was very little europium or gadolinium present. Most 
of^the cerium had been removed for commercial purposes and the yttrium 
earths had been roughly removed by precipitating out the cerium earths 
as double sulfates with a saturated solution of sodium sulfate. 

* Part of a thesis submitted by A. W. Owens to the Graduate School of the Uui- 
venity of Illinois a# partial fulfilment of the requirements for the degree of Doctor of 
Philosophy. 

* Kremers, H. C„ T*n» Journal, 40, 548 (1918). 

•Uc.cit. 
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The double sulfates were boiled with a strong solution of sodium hy¬ 
droxide until they were completely decomposed. The solution was di¬ 
luted and the hydroxides were washed with boiling water until they were 
free from sulfates. In order to remove the remaining cerium, the hy¬ 
droxides were dissolved in nitric acid, the solution was made nearly neu¬ 
tral, heated to boiling and potassium bromate added. As the red fumes 
of bromine appeared, marble dust was added to keep the solution nearly 
neutral and the solution was boiled until some of the filtered licjuid failed 
to give a test for cerium with hydrogen peroxide. The small amount of 
cerium basic nitrate and the excess marble were filtered off. The rare 
earth oxalates from this solution were ignited to oxides and these were 
dissolved in dil. nitric acid. In order to convert these nitrates into the 
magnesium earth double nitrates for fractionation, as first recommended 
by Demarcay, 1 a quantity of nitric acid equal to the amount used in the 
solution of the oxides was neutralized with magnesium oxide, and the two 
solutions filtered and united. This solution was then fractionally crys¬ 
tallized for the separation of tire samarium materia! When the most 
soluble fractions, containing the bulk of the samarium, began to crystallize 
poorly, they were diluted, filtered, and the earths precipitated as oxalates 
in order to remove any impurites of the common elements which might 
be present. 

When no more samarium appeared at the soluble end the fractionation 
was discontinued. The samarium oxalate was ignited, and the oxide was 
again converted into the magnesium samarium double nitrate as described 
above. In the second series of fractionations the most soluble fractions 
were set aside when no more absorption lines of neodymium were visible 
through 10 cm. of a saturated solution. 

(b) Separation of Samarium from Europium and Gadolinium.-~The 


material from the previous fractionation now contained some europium 
and gadolinium and possibly a very small amount of yttrium earths. 
After the yttrium earth nitrates had been removed, by running the samar¬ 
ium magnesium double nitrates through about 1S0 fractionations with 
30% nitric acid, bismuth magnesium double nitrate was added at the solu¬ 
ble end. According to Urbain and I^acomb, 2 the bismuth magnesium 
double nitrate crystallizes between samarium and europium with gado¬ 
linium still more soluble than europium. After about 40 crystalliza¬ 
tions of tins series the first 6 determinations were made. Before tooling 
^ er determinations it was thought advisable to fractionate the 
t ™f and samarium double nitrates still more, even though for some 

samariuL^Th , h ° Wn n ° oti,er ^sorption Kncs titan those of 

• manum The matenal was P „t through alxiut .50 more crystaHka- 

Ctmpt. rend , 130, ,019 (ryo„) 

'Ibid., r 37 , 793 (1903). 
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tkras before the final series of oxide-chloride determinations were made. 
The samarium chloride-silver determinations were made with the very 
best material. 

(c) Conversion into Oxide.—The samarium material used for the 
atomic weight determinations was taken from the middle series of the 
samarium bismuth magnesium nitrates described above. The nitrates 
were thoroughly fused in a porcelain dish and the oxides and basic nitrates 
thus formed were dissolved in as little hydrochloric acid as possible. After 
evaporating tills solution to a syrupy condition, it was poured into a large 
volume of distilled water. The bismuth oxychloride was allowed to settle 
and the supernatant liquid siphoned off. The cold solution containing 
the samarium chloride and magnesium chloride was saturated with hy¬ 
drogen sulfide in a 10-liter flask, and was then digested on the steam bath 
until the brown coloration entirely disappeared and the bismuth sulfide 
settled out. The bismuth sulfide was filtered off and the solution again 
saturated with hydrogen sulfide. This was repeated until no further 
precipitation of bismuth sulfide was obtained. The hydrogen sulfide 
was removed bv forcing filtered air through the boiling solution. The 
solution was made t% acid with nitric acid and samarium oxalate pre¬ 
cipitated out with hot dil. oxalic add. 

In precipitating samarium oxalate it was found best to do so from a 
boiling 1% nitric acid solution, using a boiling solution of dil. oxalic add 
as the precipitant. By adding the oxalic acid until the predpitate first 
formed, just failed to redissolve and then cooling the solution rapidly it 
was found possible to obtain a very fine precipitate which was crystalline, 
settled rapidly, and washed well on a Biichner funnel. These oxalates 
were dried and ignited in platinum dishes in an electric oven in order to 
convert them into oxides. The oxides were then dissolved in nitric add 
and the samarium precipitated as hydroxide by passing ammonia vapors 
into the flask while the solution was being agitated. The hydroxides 
were washed by decantation until they started to become colloidal and were 
then washed on a Biichner funnel. The oxalate and hydroxide predpi- 
tations were carried out alternately, 3 times for each sample. The oxal¬ 
ates were ignited at 800 0 for f> hours and then at 900® for 2 hours. In 
this way it was hoped that all the carbonate first formed would be de- 
cote posed to the oxide. 

(d) Conversion into Anhydrous Chloride.-—The method of converting 
samarium oxide into anhydrous chloride was somewhat similar to that 
used by Baxter in preparing other rare earth chlorides. Instead of^the 
bottling apparatus used by the latter, a quarti reaction flask, first de¬ 
scribed by Egan , 1 was used to obtain the transformation. This bad^tbe 
advantage that the oxide was changed to chloride in the apparatus in 

1 Tins JocsjfAU, 15, 363 (1913). 
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which it was weighed and the chloride was also weighed in the same ap¬ 
paratus. 

The samarium oxide, ignited as described above, was transferred to 
the previously weighed reaction flask while still hot, and tlie outlet and 
inlet tubes were inserted and their air-tight caps were adjusted. The re¬ 
action flask was then placed in a desiccator and the latter placed in the 
balance r<x>m f«r one hour. After loosening one of the caps to equalize 
the pressure, the flask was hung in the balance case and weighed at in¬ 
tervals of '/j hour until it had come to equilibrium. 

AH weighings were made on a very sensitive Ruprecht balance used 
exclusively for atomic weight work, in a special cork-lined room, the tem¬ 
perature of which seldom varied more than 3 0 . All weighings were n-i»d* 
by substitution, using a similar flask as tare. The weights were either 
of platinum or of gold-plated brass and were calibrated to 0.01 mg. All 
weights were corrected to vacuum before being used in any calculation. 
The specific gravity of the brass weights was taken as 8 4, of the platinum 
weights as 21.5, of the samarium oxide as 8 24;, 1 of samarium chloride 
as 4-465. 2 of samarium chloride hydrate as 2 383,* and of silver as 10.53. 
The atomic weights were taken as follows- oxygen, 16.0; chlorine, 35.46; 

silver, 107.88; and hydrogen, 1.008. 


The oxide in the flask was moistened with water and then dissolved in 
pure hydrochloric acid. The oxide always dissolved to a clear amber- 
colored solution without any apparent effervescence or spattering. The 
reaction flask was then attached to the drying train by means of the two 
ground joints and enclosed in an electrically heated oven having glass 
ades through which the progress of the dehydration could be watched. 
This oven also protected the flask from the fumes of the laboratory' dur¬ 
ing the time it was connected to the train. The oven was heated to rro° 
“1* Strea ™ ° f alr was trough the flask thus driving off 

and I ,^ e exta f Water - The temperature was then dropped to 105 0 
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was then removed, the stream of hydrogen chloride was stopped, and the 
samarium chloride was fused either with a Bunsen dame or with an elec¬ 
tric pot furnace. There was no evidence that the samarium chloride 
was appreciably volatile at its melting point. According to Matignon, 1 an¬ 
hydrous samarium chloride melts at 686°. When free from oxychloride 
the samarium chloride melts to a reddish liquid which does not wet the 
bottom erf the quartz flask If, however, any oxychloride is present the 
melt wets the flask, attacks it, and fuses with much more difficulty. After 
the samarium chloride was fused the flask was cooled in an atmosphere 
of hydrogen chloride and then air was passed through the flask until all 
traces of hydrogen chloride were removed. By first adjusting the cap 
on the outlet tube, and then the one on the inlet tube, the flask could be 
sealed without admitting any undried air. The samarium chloride was 
weighed in a manner similar to that described for the oxide. 

At first nitrogen was used in the early part of the dehydration, but 
this was found to be unnecessary. Furthermore, it was found that samar¬ 
ium chloride heated for some time in a current of nitrogen lost chlorine, and 
was reduced to samarous chloride (SaClj). According to Baxter, nitrogen 
prepared in this way contains some hydrogen and these experiments 
seem to confirm his statement for tests showed that hydrogen chloride 
was given off and not chlorine. The samarous chloride was a purplish 
brown crystalline mass and had the other properties ascribed to it by 
Matigon. 1 The use of nitrogen was discontinued, because of the danger 
of reducing the saniaric chloride. 

All the samples of samarium chloride dissolved completely in cold 
water. In order to test the hydrogen ion concentration of the samarium 
chloride solution, samples from a preliminary' run were treated with the 
following indicators, iasdic acid gave yellowish pink; methyl orange gave 
yellow; Congo red gave orange; phcnolphthalein gave a colorless solu¬ 
tion; and litmus gave red-violet. These results, according to Washburn, 
indicate a hydrogen ion concentration of about io~*. 

The Ratio of Samarium Oxide to Samarium Chloride. 

In about 1911 Prof. C. W. Balke and his associates began a series of atomic 
weight determinations on various elements of the rare earth family. As a 
few preliminary experiments showed that the oxide-sulfate and hydrated 
sAlfate ratios were unreliable they decided to use the oxide-chloride 
ratio. Egan,’ Sears,* Eagle, 4 Hopkins,* Kremers,* and Withers,* have 
used this ratio for atomic weight determinations 

1 Com pi tend,, 141, l»jo {1905). 

* tec. at. 

* This Jooamu., 833 (*»*s) 
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The first 6 determinations were made in 1913 with material from the 
middle of the best series. Although this material showed no other ab¬ 
sorption spectra than that of samarium, one year was spent in making 
further fractionations from nitric acid of 1.30 sp. gr. As the results from 
the next 8 determinations were in no better agreement than those from 
the first 6, it was derided to obtain the oxide from different sources. Dr. 
Kremers found that the oxide chloride ratio gave consistently higher re¬ 
sults than the Chloride silver ratio in the determination of the atomic 
weight of dysprosium. Dr. Wiehers found that it was impossible to prepare 
pure erbium oxide by the ignition of the oxalate Samarium nitrate and 
samarium hydroxide were, therefore, used as the source of oxide in the 
next 8 determinations. These samples were ignited at 900° and then 
ground in an agate mortar, the process being repeated 3 times in order to 
obtain as pure an oxide as possible. These results were no hetter than 
the previous ones so this ratio was abandoned because of the difficulty 
of obtaining pure samarium oxide The average atomic weight for the 33 
determinations by this ratio was 153 o 


The Ratio Samarium Chloride Hexahydrate to Samarium Chloride. 

Samarium chloride hexahydrate was prepared from the purest oxide 
and was recrystalliwd 5 times from a water solution It was hoped that 
a dependable ratio might be obtained between samarium chloride hexa¬ 
hydrate and samarium chloride, but due to the difficulty of obtaining a 
hydrate of constant composition this ratio was found to be useless The 
hexahydrate when exposed to dry air at will lose water continuously 
and finally fall to a powder. 


The Ratio Samarium Chloride to Silver. 

The ratio of a rare earth chloride to silver was first used by Baxter and 

SXlwSS * drt ‘ »<< TO later 
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were made. The results were quite comparable to those of Richards 
and Wells for the same ratio. 

The anhydrous samarium chloride was weighed in the reaction flask, in 
which it had been dehydrated, and was dissolved in conductivity water. 
The solution was quantitatively transferred to a 1.5 liter glass-stoppered 
Jena Erlenmeyer flask, and diluted to 400 cc. Assuming the atomic 
weight of samarium to be 151 o, within a few tenths of a milligram of 
the calculated weight of silver was weighed out, and dissolved in dll. 
redistilled nitric acid in a liter Jena Erlenmeyer flask fitted with a column 
of bulbs, 50 cm. high, to retain any spray. The silver nitrate solution 
was diluted to 400 ce. and added gradually to the dilute samarium chloride 
solution while the latter was l>eing violently agitated. After agitating 
for 3 hours in a motor-driven shaking machine, tire solution was allowed 
to stand for 12 hours, and the clear supernatant liquid was then tested 
in a nephclometer for an excess of either chlorine or silver. All work which 
involved materials affected by light was done in a dark room. After 
testing the supernatant liquid, portions of standard silver nitrate or 
sodium cliloride solutions were added from weighing pipets until exact 
equivalence was reached. The amount of silver used, as silver nitrate, 
was added to the amount originally weighed out, and the silver equivalent 
of the sodium chloride added was subtracted from the total silver. It was 
necessary to add sodium chloride when too much silver had been weighed 
out, or when too much silver nitrate had been added. After each addi- 
Thk Ratio o» Samakivm Ckcokide to Su.vkb. 
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tii>a the flask was shaken for 2 hours and was then allowed to stand from 
8 to 12 hours before testing again. 

The samarium chloride for determinations 1-4 was obtained from the 
last 4 determinations of the oxide-chloride ratio. In determinations 5-13 
the anhydrous chloride was obtained by introducing a saturated solution 
of samarium chloride into the flask and dehydrating as described above. 
In deter minat ions 14-19 the anhydrous chloride was obtained from the 
determinations of the ratio hydrated chloride to anhydrous chloride. 
Although the material for these last 6 determinations was purified more 
than the previous material, the atomic weights are virtually the same. 

The results of this ratio are shown in the table on page 521. 

Summary. 

1. Samarium material was obtained from rare earth residues pur¬ 
chased from the Welsbach Mantle Co. The cerium was removed by 
means of bromine and marble. Lanthanum, praseodymium and neody¬ 
mium were removed by fractionation of the rare earth magnesium double 
nitrates, first from a water solution and then from nitric acid of 1.30 
sp. gr. Europium and gadolinium were removed by fractionation of the 
rare earth magnesium double nitrates along with bismuth magnesium 
double nitrate. The final purification was the alternate precipitation of 
samarium material as hydroxide and oxalate and 5 recrystallizations of 
this material as hydrated chloride. 

2. The oxide-chloride ratio was found unsatisfactory due to the diffi¬ 
culty of obtaining pure oxide. Oxide was obtained by igniting the oxalate, 
nitrate and hydroxide, but the results were equally discordant. 

3. The hydrated chloride-anhydrous chloride ratio was found unsatis¬ 
factory due to the difficulty of obtaining pure samarium chloride hexa- 
hydrate. 

4 - The anhydrous chloride-silver ratio was altogether satisfactory 
and these values are to be taken in preference to all others. 

5 - The results of this investigation confirm the results of Stewart and 
James as to the value of the atomic weight of samarium, 

Usbana, Iu.. 
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SOME ASPECTS OF THE BEHAVIOR OF CHARCOAL WITH 
RESPECT TO CHLORINE.' 

By G. S. Bobakt amd K. Q Adams. 

Received January 8, 1920. 

I. Object of Investigation. 

Preliminary work on the absorption of chlorine by charcoal revealed 
considerable variations in the capacity of a single sample of charcoal, 
for which no cause was apparent except variations in the humidity of the 
chlorine-laden gas. It therefore seemed worth while to make a careful 
study of the effect obtained with a number of different kinds of charcoal 
by varying the humidity while controlling the temperature of the char¬ 
coal tube. The results of this work were so interesting that the effect 
of variations of temperature, of velocity of gases through the charcoal, of 
charcoal thickness and of gas pressure on the surface of the charcoal 
were also studied. 

H. Description of Apparatus. 

i. For the Removal of Chlorine from Air (Dynamic Method).— This 
consisted essentially of a charcoal reaction-chamber I„ Fig. i, suspended in 
a water thermostat. Chlorine from the cylinder X and air entering at 
A were mixed in the tower J, after which they passed through a layer of 
charcoal in L. Gases not absorbed were drawn by the suction V through 
an absorption train, either Tj or T*. In order that the apparatus for the 
thermostat could be handled conveniently, it was suspended from a shelf 
so constructed that it served as a cover to the bath. The latter consisted 
of a square copper box resting on a vertically sliding shelf attached by 
means of overhead pulleys to counter weights. Wien it was necessary 
to replace the charcoal charge or manipulate the apparatus, ordinarily in 
the water, it was necessary' only to lower the bath (see dotted line), after 
which the various parts were easily accessible. To secure uniform and 
effective circulation, as well as more eoustant temperature, a wooden com¬ 
partment 0 was constructed within and fastened to the copper bath. The 
perforated lid of the inner box was attached to the cover of the outer 
copper bath. 

In the diagrammatic cut of the heating system, S, is a switch for start¬ 
ing the motor and stirrer P; L f ia a lamp resistance to regulate the speed 
of the motor; S, is a switch to the heating system; L, is a lamp resistance 
to conduct the right ament for the safe manipulation of the relay R; 
T is the mercury thermoscope; H is the “make and break” on the relay 

* The writer* wish to express their appreciation of the hearty cooperation end 
helpful erttiehm gives them la the course of the work by lien*. Cot. A. B. Lush 
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and 1* show;, the heating lamps which m practice consist of i' X is' 
show case lights located in the 4 comers of the outer thermostat bath- 
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serves as a bearing for the thumb screw D, and as a cover for the spiral 
glass tube filled with mercury, Q. T is one of the electrical connections. 

The quantity of chlorine from the reservoir was measured with a flow¬ 
meter M, so constructed that the capillary C„ was located in the thermo¬ 
stat. Pentachloro ethane 1 for the manometer was stored in a reservoir 
B mi from which, when needed, it was forced into the graduated tube by 
opening the stopcock and blowing in the open side tube. 

After a rough adjustment of the chlorine flow had liven made at X the 
necessary refinement required to keep the flow meter manometer within 
o ? mm. of the correct reading, was made by the use of pinch-cocks Pm 
and P r The capillary tulx- C, was so chosen that the manometer reading 
was always in the neighliorhood of 10 cm. To correct for the density change 
of pentachiuro-ethane with temperature, 0.0$', per degree was either added 
or subtracted as conditions required. Daily replacement of the manometer 
liquid prevented the solution in it of any considerable amount of chlorine.’ 

While the flow of chlorine was being adjusted at the beginning of an 
experiment, that gas was diverted to the soda-lime tube W* by the 2-way 
stopcock K. During the experiment proper, chlorine flowed through K 
into the cUamtier J where with the assistance of glass wool it was mixed 
with air which entered at the liottom of the same device. 

Air under pressure was supplied at the valve A. By allowing an excess 
of air to bubble at all times from the tubes in the pressure regulating bot¬ 
tles, B„, variations in the line air pressure were prevented from reaching 
the gas meter M„. The air velocity was determined by the depth of the 
tubes below the water surface in the pressure regulators B„. To control 
the moisture content of the air, two separate saturators were employed, 
each containing sulfuric acid of the strength necessary to produce the de¬ 
sired humidity. By bubbling the air through the first of these, B„ a mois¬ 
ture content approximating that desired was obtained. To complete 
the saturation, the air next passed up through the tower G (located in the 
thermostat) which was filled with glass beads over which flowed more of 
the same acid. This latter was furnished from the reservoir E and col¬ 
lected in the flask W,. 

To prevent vibrations attending the bubbling of air through B« from 
interfering with the readings of the manometers M { and a broad 
funnel F inverted in a pan of water furnished an effective cushion.* 

1 This compound was prepared (rom trichloroethylene by passing chlorine through 
the boiling liquid in the presence of iron filings. 

* Failure to do this occasionally resulted in the formation of chlorine gas bubbles 
when the laboratory temperature rose suddenly. 

* This arrangement gives a cushioning effect out of all proportion to the size of 
the device, in this case equivalent to that of as air reservoir of about 0.54 cu. meter 
capacity; with a sufficiently large pan, equivalent to that of a dosed air cylinder with 
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fee air-chlorine mixture from J entered the top of the reaction chamber 
where it encountered the charcoal resting on a perforated porcelain 
plate. 

To measure the pressure on the upper surface of the charcoal and the 
dropin pressure experienced by the gas whilepassing through the absorbent, 

—-- JW - ’manometers M, and M* were employed. 

0,1 o u £ 1 The lower manometer connection extended 

Jl . i through the exit tube of the charcoal eham- 

: c eiOj 1 * her clear into the space N below the char- 
I coal. 

1 Suction was controlled by the valve V and 

kept constant by the pressure regulating 
t bottle B,; the action of these is muialis 

- mutandis, the same as that of bottles B„. 

Samples for analysis were obtained in the 
i_ absorption trains Ti and Tj. 

2. For die Absorption of Air-Free Chlo- 
| rine. —Chlorine from a reservoir. Fig. a, 

: was introduced through D and collected 

: over salt brine in C. At the end of an 

[ hour the rate of contraction of chlorine 

through solution and reaction became suffi- 
= dently slow to be neglected. 

5 A weighed amount of charcoal was placed 

| in the weighing bottle C which was then 

= transferred to the chamber H closed by the 

If If fr "■> fUbber Stoppcr L opening E, the 

,1 j space above G was connected to a vacuum 

pump through F, until the pressure was con- 
Fig. a. stant, 1 after which F was closed. The time 

chlorine to enter W ^ Whe " E Was opened to 

thereafter, 0 “* ***** a ‘ ^quent interval 

in. Analytical Procedure. 

'?**■. ttc *“ st ** 
one of the absorption trains mJ ^ Pm gas streaffl led through 
starch, % " Ster the ^ T faBfc «**«<» «*■ 

results were obtained by diverting ft* * “PPoarcd. quantitative 
containing potassbmiS m,Xtec to °tfaer absorption 

* ** ^ sr*** 

1 Uwally about t aim. ' d (fcsultjug from the atta- 
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lytic action of the charcoal) first appeared, was determined by backward 
graphical extrapolation of the acid titer. 1 

In samples containing both iodine and hydrochloric acid, the iodine 
was titrated first with sodium thiosulfate, using starch; the hydrochloric 
add was then titrated with sodium hydroxide, using “brom-cresol purple" 
as indicator. 1 To prevent carbon dioxide from interfering with the end 
point, as soon as a fugitive pink color indicated that the titration was 
nearly finished, air freed from carbon dioxide by soda lime was bubbled 
through the solution for 2 minutes, after which the neutralization was 
completed. 

It will be noted that no attempt has been made to distinguish between 
chlorine and any other substance capable of liberating iodine from potas¬ 
sium iodide solution. 

IV. Preparation and Properties of Charcoals Used. 

With the exception of A the 6 charcoals employed in tins work were 
prepared for nse in gas masks and were made from coconut shells. Lot A, 
for the sake of comparison, was made from ordinary wood and was not 
manufactured with the object of absorption in view. 

V. Analysis of the Typical Chlorine-Charcoal Transmission Curve. 

Fig- 3 is drawn to bring out the various factors which influence the 
shape of the typical charcoal-chlorine transmission curve. 



t. Line 1 represents the limit approached by the chlorine-transmission 
carve as the effectiveness of the absorbing* material diminishes. Chlorine 
appears beyond the charcoal in full concentration at once. 

2. An ideal* charcoal, infinitely fine-grained and reacting instantaneously 

1 In several of the later experiments the same method was used for the chlorine 

* "Brown ~crear>l purple" is dihrtMno-e-cresci-sulphoiiphtbBleiii. Luba and dark, 
/. It’ark. Aaii. Set.. 4 , 4*a (1916); J. Bacterial ., *, 1-54. 109-136, 191-936 (1917). 
For the method cf. Lewis, Adams aud lawman, This Joints*!. 37, 2656 (1915). 

* Since it has not been found possible In this work to distinguish between ab¬ 
sorption and adsorption, or even chemical action, the wool "absorption” ariH be used 
throughout this paper, unless otherwise indicated, as a general term comprising s& throe, 

‘ Any capacity for chlorine wbkb remains unused at the time when toxic amounts 
of chlorine are being transmitted is wasted, so far as concerns practical use of the char¬ 
coal. In the kkal case this residual capacity will, therefore, be redtseed to a tnratm*m. 
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,, . • Tvnp „ 'fhe length of the low 

mi chlorine, would give a curve * Type £ charcoal, 

****** P° rtl0C Wr***?* f ZTin# with the tliickness vaty- 
Such a charcoal in a rectangular container, w 

iog uniformly from one side to the other, would grve a a 

°'2tL 3 «» tad considered have «d that the .bsorption »e- 
to is instantaneous. If this assumption be not made, it ^ omeS 
^ to make some assumption for the rate of reaction and the simplest 
probable one is that the rate of the reaction ,s proportional to^ 
to of its capacity which the cliarcoal still retains, and to the concentra- 
to of chlorL in the gas. This amounts to assuming that the reaction 
ismonomolecular with respect to chlorine (which is probably true) and that 
the charcoal is perfectly uniform in respect to its rate of absorbing 
chlorine (which is certainly not exactly so). 

Derivation of Equation for Line 4.-Let c represent the concentration 
of chlorine at any distance, x, a the residual chlorine capacity of the char¬ 
coal and v the rate of supply of chlorine expressed in cm. of charcoal 
saturated per hour in the event of complete reaction The rate of the ab¬ 
sorption reaction is k X c X a. 

Considering a given portion of absorbing material, its residual capacity 
is diminishing at the rate given by: 

= — kac (i) 

t)f 

Considering a given portion of air, its chlorine content is diminishing 
at the rate given by the equation 

dc -k , , 

Ox v 

Prom this the following equations can be obtained, in which o' » a/a„, 
c' = c/c 0 , x* = 0.4343 ka B x/v and t* = 0 4343&0/. (The derivation 
will be found in an appendix.) 

, _ io 1 ' , % 

c = io«'_ 7 + I0 T (33) 

o' = - (34) 


1 + io‘ 


Except for very small values of both *' and t", Llie middle term in the 
denominators is entirely negligible and the equations become: 


10* +1 


a = i — c 

JZ'Jhl S'/ ? P f^ nt£ the reIation between concentration and time, 
given by the first of these equations. 
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It should be noted that other causes will tend to "round off" the angles 
in the curve, notably reversibility of the absorption reaction and inhomo- 
geneity of composition or packing of the charcoal. 

5. I<ine 4 is a symmetrical curve with its point of inflection at 50% trans¬ 
mission. If, however, the rate of absorption falls off more rapidly than 
the residual capacity of the charcoal, as will lie the case if the charcoal 
consists of 2 or more constituents of unequal reactivity, an unsymmetrical 
curve will be obtained. This is illustrated by Line 5. 

6. In all these cases it has been assumed that the action is entirely 
between the charcoal and the chlorine. If, however, the charcoal acts 
as a catalyst 1 for reactions between the chlorine and (for example) water 
vapor, the transmission will reach a value lower than 100% when the 
chloride capacity of the charcoal has !>een exhausted; and if the rate of 
catalysis is great enough in projKirtion to the rate at which chlorine is 
being supplied, no chlorine will lie transmitted, however long the experi¬ 
ment be continued. These cases are represented bv Lines 6 and 7. 

VI. Results Obtained by the Dynamic Method and the Effect of 
Different Variables on the Transmissions. 

The reproducibility of the results is shown in Fig. 4, which represents a 
typical experiments in which both chlorine and hydrogen chloride were 
detei mined in the effluent gas. The variations are seen to be slight. 
They probably resulted chiefly from irregularities in packing of the char¬ 
coal in the chamber. Unfortunately, the importance of this factor was 
not fully realized until a large part of the work given in this paper had 
been done. 

The effect of different variables on the transmission of chlorine and 
of hydrogen chloride is as follows. 

I. Kind of Charcoal. —The strikingly great variation in absorption 
which is exhibited by different charcoals is illustrated in Fig. 5, showing 
the transmission curves of 4 different charcoals, where Specimen D is 
seen to have had a service time approximately 400 times that of A. 

The general similarity in fora of the curves suggests the process in¬ 
volved to be qualitatively the same for all, and the service times of various 
charcoals may depend more upon variations in the proportions of active 
to relatively inactive constituents in each than to differences between the 
'materials as a whole. 

Although the apparent densities of these charcoals vary considerably, 
the sendee times vary still more, and their order with respect to apparent 
density is not the same as that with respect to sendee time. 

1 A* it is not certain whether the charcoal it permanently altered, the word 
"catalysis" has beta used throughout this paper to include any action rorolrto* 
chlorine, water and charcoal and yieldtn* hydrofen chloride («f. Bancroft, J. Pkjt. 
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Transmission curves 

Charcoal = E. 

Depth of layer = 10 em. 

Cross-section «■ 10 75 sq. cm 
Weight — 67 o g. 

Mesh « 8-10 


Fig. 4 - 

>f dry chlorine and hydrogen. 
Temperature *» ij 0 °. 

Velocity of gas ” sco cm /min. 
Air chlorine ratio - 500-1. 
Water content of air «= O. 
l'ressme of gas above charcoal «■ 
phere. 


> aUnoft 


From a consideration of the service time of the specimens plotted in 
Ftgs. 5 and 7 . which follow, it becomes evident that variations between 
the activities of any a charcoals is greater than that which wotdd rrnTt 
from any reasonable variation in the humidity of the gas stream. 

2. Depth of Layer.-When the layer is very thin, constituent* of 
charcoal having a low reaction velocity do not have a marked influence 

tLt £ £■£ ,“* “■ ^ 

creases, however, the time factor operates to increase the importance of 
to less active matenal in the sense that doubling the depth 
layer more than doubles the time required for e,tw f V?* 
chlorine wave or a laver of 036 fr0nt of **« 

—- * - arts- a 
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Fig. 6. It seems probable that the increasing slant of these curves as 
the depth of layer becomes greater is a consequence of the peculiar effect 
of relatively inactive constituents discussed above. 



Fk - $ 

Transmission curves of charcoal, A, B, C and D, srilU dry chlorine-air mixture. 
Charcoals «* A, B, C and D. Temperature ■» JJ.o'. 

Depth ot layer «* to cm Velocity of gas — >50 cm./min 

Cross-section « 1075 s<| cm. Air-chlorine ratio *> 1000-!, 

Weights. A « 23 B “ 77 g , C “ 77 g.; Water content of air -» o. 

D - 66 g. ITessurc of gas above charcoal ■» i atnxn- 

Mejh — ao-go. phete. 

3, Water Content of the Gas Mixture.—-The extent to which chlorine 
was consumed by chemical action yielding hydrogen chloride was not ap¬ 
preciated in the earlier part of the investigation. Its great importance 
can be seen from Fig. 7, in which the transmission curves both for chlorine 
and hydrogen chloride at different humidities are shown. 

The efficiency of the charcoals as catalysts for the reaction between 
water and chlorine and the capacity of charcoals for chlorine absorption 
have beta found to be approximately proportional. Charcoal E, Fig, 7, 
* which was employed in the study of the effect of gas humidity differences, 
bad a high chlorine capacity and, therefore, was well suited to a study 
of catalysis. 

It will be seen from the results of hydrogen chloride titrations gives, 
that far humidity values up to 40% the courses of the reactions during 
the first 373 minutes were approximately the same. After this time, 
however, the magnitude of the catalysis was considerably dependent upon 
the supply of incoming moisture. This charcoal was not dried before 
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BSe’toiperiments were begun and was probably in equilibrium with atmo¬ 
spheric humidity oi at least 40%. The results obtained suggest that, 
hi the absence of liquid phase, adsorbed water alone played an important 
part in the catalysis and if any assistance was rendered by moisture 
from the gas stream taking the place of that used up in the reaction, its 
effect was slight until after about 325 minutes. From this time on, water 
Supplied by the gas mixture did assist the catalysis to an exti«t projwr- 
tional to the water concentration. This is indicated by the relative 
positions of the hydrogen chloride curves from 500 minutes on 
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Transmission of chlorine 
Charcoal -» B. 

Depth of layer « i, 2 5 and 10 cm 
Cross-section ® to 75 sq co, 

Wefcfct - 7.7, 13.4, jg 5 and 7? 0 g 
Mesh ** 20-40. 

Temperature =■ 25,0' 

Air-chlorine ratio ■* iqoo-i 


Fig. 6. 

through different depths of ahsottient 
t cloeity of gas *■* 250 cm. 'nun 
Water content of air - »oo% saturation. 
Pressure of gas above charcoil * , atmos¬ 
phere 

Pressure of gas below charcoal - 1 atom*- 
phere —042, <->69, 1 36 and 2.60 cm. 


f““ Cm. c™ce«trMi„ of t ““ 

far a certain length of time. <n * u ' J catalyst* 

the liquid ‘ ;haTcoal When 

the capacity of the system for hvdroeen -iX ’ h ‘ I,robabilit y that 
solvent action of the HquS present X ™ ! ~ d b -V the 

of a strong aqueous hydrogen chloride <niif C m ’ ,D t!lis ^P^niont, 
charcoal column a* well J a SS *’^'J ** ^ «* 

y wet “ppcarance of the charcoal 
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itself left no doubt of the actual existence of the liquid phase. For humid¬ 
ity values of 50% or less no liquid was ever noticed on the charcoal sur¬ 
face. 

It will be shown later that the capacity of Charcoal D for chlorine, 
leaving catalysis out of account, was increased by previous drying of the 
absorbent. With Charcoal E the consumption of chlorine through catalysis 
was not, in the earlier part of the experiments, increased by humidity 



50 JOQ IJO 700 JJO 300 JJO 400 450 500 S50 600 

Time U» minutes. 

Fig. ?■ 


Transmission curves of chtonnr uni hydrogen chloride *t different hmshBUns. 
Charcoal - 8- Air-chlorine ratio - 500-1. 

Depth of layer » to cm. Water content of air: Ei - 0.0% aatu- 

Chow-section - to ;j so, on ration; K t « »o.o% saturation; 81 ■> 

Weight - 6741 g. 40 0% saturation; Ei « 80.0% satura- 

Mesh « *-to tioo 

Temperature - aj o* Pressure erf gassheer*charcoal « t atraoo- 

Velocity of gas - see to /tufa phere 

value* of either ao or 40%, heacc the service time of the charcoal in the 
gas containing those moisture concentrations was less than when dry 
air was used, (or in the last-named ease the absorbent was automatically 
dried, Soon after the chlorine “break," however, the moisture in the 
gas mixture did assist catalysis to such an extent that the chlorine titra¬ 
tion* were relatively lower than when dry air waa used, and tide it he* 
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1 is the curves by an increasingl} lower slant as the humidity con- 
eeatrations go up. 

At a humidity value somewhere betu een 4 ° 80% Catalysis became 

so great, even in the earlier part of the experiment, that it operated to 
lengthen the service time of the chart jal above that realized with the 
use of dry air. The above results indi. Ate that a minimum service time 
for chlorine absorption would occur w hen humidity values were some¬ 
where between 20 and 8o%.' 

When the humidity was 80% the chk "me "break” was delayed but the 
slant of the chlorine absorption curve w s steeper than for lower humidity 




BEHAVTO* OP CHARCOAL TOWARD CHLORINE. 


535 


values. This effect, peculiar to the 80% humidity experiment, is a direct 
consequence of the relatively more rapid decline 1 in the extent of catalysis 
during the time from 400 minutes onward. 

The results in Fig. 8 show the sum of the transmission values of chlorine, 
both combined and elementary, as given in Fig. 7. For humidity values 
of o, 20 and 40%, represented by E s , E» and E», respectively, no pro¬ 
nounced differences exist. The presence of a hquid phase when 80% 
humidity was employed provided a reservoir for hydrogen chloride, sup¬ 
plying that compound to the gas stream at a rate diminishing more slowly 
than the rate of chlorine transmission increased. For this reason the 
chlorine, elementary and combined, transmitted by the charcoal, amounted 
at one time to more than that which entered the apparatus. 

100%. 



o + 


90 

So 

70 

60 

SO 

40 

So 

JO 

10 

o 




V 




*' 


8 3§,888888888888888 
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Fig. 9. 


Trmtjmissioo curves of chlorine and hydrogen chloride at 50% humidity 
and tow rate of Horn. 


Charcoal » D. 

Depth of layer “ 10 cm 
CroM-tnctian m 10.73 wj cm. 
Wright » 66.0 g. 

Mesh m 30-40. 

Temperature - sj.o\ 


Vriocity of gas «• 330 era./min. 
Air-cUoruw ratio » 1000-1. 

Water coo tent of air - 30.0% saturation. 
iYewure of gas ahovt charcoal » 1 atmos¬ 
phere. 

Pressure of gas below charcoal •» t atmos¬ 
phere leas 1.66 cm. HfO. 


Fig. 9 shows the transmission curves of chlorine and hydrogen chloride 
at $0% humidity at low rates of flow. Since the experimental condi¬ 
tions were very different from those in the humidity experiments de¬ 
scribed above, the results arc not readily comparable but are illumiaa- 
1 To what extent this rapid decline resulted from choking of the capillary apace* 
by liquid ran only he conjectured, but the catalytic surface was 00 doubt som e what 
reduced thereby. 
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ting. Since the lower velocity, here, of both the air and chlorine, elim¬ 
inated to some extent the crowding of successive events which occurred 
with the higher gas velocity and chlorine concentration. This makes an 
analysis and interpretation of the results more easily accomplished. 

Daring the progress of chlorine absorption by the dynamic method a 
relatively thin heated section travels down along the charcoal column 
and arrives at the bottom nearly simultaneously with the first appear¬ 
ance of chlorine. In the earlier experiments without a thermostat, the 
tube was warm to the touch for perhaps a centimeter length and at a 
depth below the surface of the charcoal proportional to the stage of the 
experiment. 1 By a consideration of this phenomenon together with the 
shape of the transmission curves a possible interpretation of the results 
in Fig. 9 may lie deduced as follows 

1. During the first 830 minutes all of the ehlonne, as well as the hydro¬ 
gen chloride, was absorbed and the warm reaction zone had progressed 
approximately Vs of the length of the charcoal column.* 

2. At 850 minutes the charcoal was no longer able to hold all the hydro¬ 
gen chloride produced and that cotu|>ound appeared in greater and greater 
amounts during the next 200 minutes. 

3. At about 1050 minutes the charcoal had ljccnme practically satu¬ 
rated with respect to hydrogen chloride and from that time on for 200 
minutes all of the hydrogen chloride produced and a trace of chlorine 
escaped. 

4. After about 1300 minutes had passed, the lower edge of the active 
reaction zone reached the lower end of the charcoal column and as the 
thickness of the former became less the importance of catalysis dimin¬ 
ished and the concentration of chlorine in the effluent gas necessarily 
increased. 


The fact that, from 1300 minutes on, the decrease in rate of hydrogen 
chloride transmission balanced the increase in rate of chlorine transmission 
indicates catalysis amounting to practically 100% of absorbed chlorine, 
both before and after the appearance of ehlonne beyond the charcoal. 
.The increase in rate of chlorine supply soon places a limit txynod which 
complete catalysis does not occur. This is illustrated by the pronounced 
break in the transmission carve, Fig. 13 Here the rate of chlorine **p- 
ply was 4 times that in the experiment under consideration, 

5. Temperature.— As is generally recognized, the capacity of char- 

»— - - * ** - ~ *— 
WM a S sliilv " bec ‘ ow a inwwot of Uterine 

reaction layer ^ ****** "** 

gresstvejy. q y 0( ,lus rd »tiveiy inactive material incewnwf jam* 
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ooals for gases decreases as the temperature is elevated, since ordinary 
absorption is a reversible reaction. When water is present is as air- 
chlorine mixture, however, this behavior is somewhat modified because 
higher temperatures (within the range studied) favor the catalytic re¬ 
action 1 in which charcoal assists the interaction of chlorine and water 
with the formation of hydrogen chloride and oxygen. Other chlorine 
compounds may also have been produced but they were not detected in 
the exhaust gas stream. 



Time in minutes. 


Fig to- 

Transmission curves of chlorine at different temperatures. 


Charcoal - E. 

Depth of layer «* to cm. 

Cross-section •» 107$ *3 cm. 

Wright «* 67 t< 

Merit * 9-to. 

Temperature' E, «• 0.0”; E, » »»s*. E» 
* »jo*; K. • jt j*. 


Velocity of $u » joo cm./ min. 

Air-chlorine ratio - 500-1. 

Water content of sir - joo% saturation. 
Pressure of sat* above charcoal «* t atmos¬ 
phere. 

Pressure of gas brio* charcoal * t atmo*- 
pherc teat 085 eat. H«0 


* By pawing a rapid stream of Chlorine together with as earns of steam atari a 
•m# amount of ah. over charcoal enveloped in a steam bath, aH of ti e chlorine eras 
apparently conve n ed to hydrogen chloride for a long period of rime. The seat** 
mmtabfc gas evolved contained a high proportion of carbon dioxide. 

It fat known that charcoals prepared under special condhicaa are often So sea- 
eeptitde to oxidation that they even catch fire spontaneously is air. Pnntbfy the coat- 
Muaptbo of that portion of chlorine which appears as hydrogen chloride beyoad rim 
rharomi may be taigriy due to a nrectmo in which cat bon Is oxidised to eaifeoo deaxfcte, 
the oxygen bring famished by byjtocbkwou* arid or other oridte* agent oentritrikg 
hydrogen, oxygen, and ridorit*. the reduction of which yfadtb hydrogen cMwfari. ‘ 
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Fig. io shows the effect of temperature on chlorine transmission. Within 
the temperature range studied it will be seen that the effect of equal in¬ 
crements of temperature is irregular. Two conflicting tendencies operate 
to determine the service time and the progress of absorption after the 
chlorine "break.” The absorption capacity of the charcoal is lowered 
by a rise in temperature but catalysis, on the other hand, is at the same 
time assisted thereby. With resped to sendee time, the resultant of 
these opposing tendencies is nearly identical for the temperature range 
0.0° to 12,5°. After the transmission value has reached the neighbor¬ 
hood of 40%, the escape of chlorine with temperature rise becomes pro¬ 
gressively less for all temperatures used. The interval 25.0° to 37.5® 
is marked by a pronounced change in the service time of the charcoal 
with respect to chlorine. 



t- - i—! 


Time in minutes. 
Fig. 11. 


Velocity of gsu-joocm./mai, 

Air-chlorine ratio .,300-t 

cor ‘ !CT5t of “> r “ jo 0 % saturation. 
Pmsur * of gas above charts*) - , rtmo*. 
phere. 

Pr T lrS £ *“ M °* eh * rc '* l « I •tnsoft- 
phtre losaSjnt, 11,0. 


Charcoal eg. 

Depth of layer “ to cm. 

Cro ®-*« t ion=io.7j aq, cm 
Weight *67.0 g. 

Meah-g-io. 

Tmrperamre; E , 

a S -0 ; 5 ) ” 37 . 5 °. 

PoeitkMohjta. 11,0. 

«f hydrogen 

temperature is dependent upon 2 fact™ ^7 " aff#cted •* the 

total quantity of that acid anri ” , catai -' s ' 8 ' *hieh increase# the 

of hydrogen chloride retained by wWrh ^ the amount 

gw chloride titrations, Fig. , r , rt * ^ , rtSuUs of ** hydro- 

aud the areas inclosed between *H P UKrm !Unu oi these 4 effects. 
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measure in each case the differences in transmission. For instance, up 
to 450 minutes the ratio for the intervals o.o° to 12.5 0 ; 13.5 0 to 
23.0° : 25,0° to 37.5° was about 1:5:8. 



50 10. 1 jo joo a jo 300 350 400 450 joo sso 

Time in minutes. 

Fig. it. 


Transmission curves of chlorine and hydrogen chloride combined. 

Charcoal " H. Velocity of gas » joo cm / min. 

Depth of layer - 10 cat. Air-chlorine ratio - joo-t 

Cr o s s -s ec tion » 10.73 *1- cm. Water content of sir » 30.0% saturation. 

Weight - 67.0 g. Pressure o r gas above charcoal - 1 atom- 

Merit “ $-10. pborc 

Temperature K. *■ on’; B, - 11.3 *; Et Pressure of gu below charcoal — 1 atijxn- 
« *jo*; & ■> 37 -i*. phere less o 85 cm. H ;0 (Mean value.} 

Fig. 13 depicts the relation between temperature and the transmission 
of chlorine and hydrogen chlorine combined. Evidently temperature 
has surprisingly little effect cm tills combined transmission. To reach the 
a points, “break'’ and 70% total transmission, the time required is almost 
identical in the temperature range studied. The greatest temperature 
effect is to be seen at about ao% transmission and, as was to be expected, 
the greatest transmission, at a given time from the beginning of the ex¬ 
periment, occurred with the highest temperature, and so os down the 
Male. 
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Under the particular conditions of charcoal depth and chlorine flow 
employed in this work it was found that chlorine and hydrogen chloride 
(Figs, io and 11) appeared beyoud the absorbent simultaneously when 
the temperature was in the neighborhood of ra 5 0 . Chlorine appeared 
sooner than hydrogen chloride below 12 5° and the order was reversed 
above that temperature. The apparently high temperature coefficient 
of charcoal for hydrogen chloride absorption probably results largely 
from the effect of temperature on the magnitude of charcoal catalysis 
whereby chlorine reacts with water, torming hydrogen chloride. 

6. Pressure.—The absorption of chlorine and the catalysis of chlorine 
and water by charcoal were investigated at reductions of pressure of 30 
and 60 cm. of water, respectively, and also at atmospheric pressure. The 
results in all 3 cases were found to be so similar that the slight variations 
which did occur may have been within the limit of experimental error. 
If anything, the reduction in pressure increased the efficiency of tbe char¬ 
coal for the removal of chlorine from tile gas stream. 

7. Interruption During the Course of Experiment— Pig 13 clearly 
demonstrates the effect of a penod of rest on charcoal which has been 
saturated with chlorine and hydrogen chloride in the presence of mois¬ 
ture. In a 12-hcmr interval which elapsed between the end of tin* first 



Temperature>5,0/' Prt «w o< gu Wow charcoal*, 

PMtt lent 0.91 aa,H*0. 
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543 minute period and the resumption of the experiment all of the chlorine 
had either reacted with water to form hydrogen chloride or become so 
firmly attached to the charcoal that it could not be dislodged by the air 
Stream. The former seems the more plausible reason for the observed 
phenomenon, because the quantity ot hydrogen chloride transmission im¬ 
mediately after the intermission was usually large. The capacity erf the 
alrsorbent for chlorine had not revived very much, however. This may 
have been due to the fact that the available secondary valence forces (or 
whatever the forces are which cause absorption) were largely satisfied 
by hydrogen chloride, water, and firmly held chlorine. It follows from 
the assumption that an intermission is accompanied by catalytic conver¬ 
sion of chlorine to hydrogen chloride that a reduction in the rate of chlorine 
flow would result in a larger proportion of the entering chlorine being con¬ 
verted to hydrogen chloride or oilier chlorine compounds; at least if the 
catalytic efficiency of the charcoal were not impaired. 1 

VII. Data Obtained by the Static Method. 

Fig. 14 represents transmission curves of 4 charcoals where time is 
plotted against chlorine absorption per g. of charcoal. The differences 
between B, C and D seem to lie of degree rather than of kind, wheTeas 


100 p 



Time m minutes. 

Fi*. >4. 

Charcoals «• A, 11 . C and IX Modi ** io-to. T wppetatiMe a* 74.0*. 

1 Bedudat the rate of chlorine Sow not only suunnaik*ny in otMu the ratio 
of water to ehlorioe—the tat* of air Sow mnatnin* constant—bat it aim approaches 
the suit of rest under which conditions all uccorobtecd chlorine has been shown to 
react to formhydrc^nchkirid* or other chlorine compounds. 
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.. nf Clirve A sujr?es ts that charcoal to be of an entirely different 

a* «. <r- » 8-te iv 

yin. Revivification by Heating in Vacuo. 

The chlorine capacity of Charcoal D‘ was increased by one expose 
to chlorine followed by heating to dull redness <* vacua (see D. wd D», 
Fig 15). This was at least partly due to the fact that before the first 
ensure to pure chlorine, places to which this gaa would Mtat 
Si fastened were already occupied by other chenucal individuals. 



Charcoal «= X) 


Fig 15 

Mesh =10-20 


Temperature = J* o' 


That is to say, the absorbing surface was relatively dean with respect 
to absorbed material at the beginning of the second exposure 

Tabpb I. 

Change In wt. From 78 

Lo ^ . U. D* 

Ga in-- ■ • . D t D t 

Gain. .. D e D(f 


% 

1 .21 
<•75 
16.6a 


It is also possible that chlorine may have formed volatile or»mprq t t>ri“ 
with certain inactive constituents of the charcoal whose disappearance 
during later evacuation left a material containing a higher proportion of 
active absorbent and a material more thoroughly honeycombed by capil¬ 
lary spaces suitable for absorption. The loss m weight shown in Table I 

Wkh 11115 ,,yPOtW 2 T* cl ^l 

H ITZ MpOSUfti t0 Dionne, tat this may have Suited 

vl 11 ° r 0Xiaati ° n d carboa rampiexes with high molec- 

3iUgglShly frcm *»* ****** of abLptkw. 

-> ^^^^^tochioriiwttocfatKoalwaga-..-- . 

rinm with water and other gases in the atmi»phe« d the 
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3- The curves indicate that after several exposures the chlorine capacity 
of the charcoal had been slightly reduced but the steep rise during the 
earlier part of the experiment shows that the activity was not seriously 


impaired. 

Given 

IX. Appendix. 

Sc it 

U) 


— -- cu 

OX V 


da . 

— = — kac. 

at 

(2) 


For discussion and definitions, sec text immediately preceding Equa¬ 
tions i and 2 in Section V. 

Now, the "boundary conditions" are tiiat the charcoal has initially a 
uniform volume chlorine capacity, which we will call a 0 , and that the air 
entering the charcoal has a constant chlorine concentration, which we 
will call <r 0 . 


Or 


Let 

0' « o/o*, c' 

* C/Co, 

*' “ kcioX/'v, 

Then: 





dc' 

a*' ac 

da' 

__ » —a'c', 

df' 

f 

d In c' 

— _ f.’ 

din a' 


dr' 

tat —(j 

dt' " C 


it£ol. 


( 3 )< 4 > 
( 3 ) (6) 


When s' — o, o' «* i, and (5) integrates to 

c' «* «~*\ 

Where r' » o, c' «■ 1 , and (6) integrates to 

1 ' 

<2 € 

Differentiating (5) and (6) 

d»lnc / _ __ da' ^ , , d‘ In a' ^ __ & 
<M’ aw' " Hi' m a< bx'dt' m a*' 


( 7 ) 

( 8 ) 

a'c'. (9) fio) 


Subtracting (10) from (9) 

6* in (c'/«>0 _ . 

- -- ■■ 3 B 0 

a dr's*:' 

In (e'/V) - f (*') + f (tO. 
Imposing boundary conditions this becomes 

In [c'/a’) - l' — *' 


(11) 

(ta) 

(*3) 


Or 

Rewriting (3) and (4) 


C'/O' -R 
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_ 

g' u 

d*' 

Integrating 


0 = **'-»* 
c' 


_do' 

- - 
&' o' 


— « 


y —■*' 


r-~*' 


<>$) (|6) 

f(*0- (17) <*«) 


j/c' =. /-•' - m I/®' - * 

Evaluating the constants, from (7) and ( 8 ) 

t/c' = e* w — r*' + 1 i/a' - /"*' — *“*' + «. (t?) (ao) 


Or 


/ 


tf—t+Z ~ ^ ~ 1 + ' 

Placing x* » o 4343 *' and <* « o 4343 *' and changing to common 
logarithms 

r- ( 13 ) (24) 


(2Jt> (S2) 


IO 


10 


I0‘ 


f" — I + IO 1 ’ 


IO* — I + 10 1 


X. Summary. 

1. In the particular series of charcoals here considered the variations in 
chlorine-absorbing power between any a kinds was greater than that which 
would result from any attainable variation in the humidity of the gas 
stream. 

2. The order of the charcoals with respect to duration of complete 
chlorine absorption 1 is not the same as that with respect to apparent 
density. 

3. The duration of complete chlorine absorption increases more rapidly 
than the thickness of the layer of charcoal, other conditions remaining 
constant. 


4. Por the charcoals studied the duration of complete chlorine absorp¬ 
tion passes through a minimum for a relative humidity in the neighbor¬ 
hood of 50%. 


5. The duration of complete chlorine absorption is at a minimum be¬ 
tween o° and 12.5®. 

J S ‘ Udied ' i * hw 12 ' 5 * chlorine appeared beyond 
the charcoal before hydrogen chloride; above 12.5* hydrogen chloride 
appeared before chlorine. * ^ 

1*^71 op " *“• 01 »» M prn 

uown to 7i cm. mercury) have little effect 
8 . The chlorine capacity of the charcoal studied is increased hv 

rzzzv *-** *-* - - 
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THE VAPOR PRESSURES OF CADMIUM, LEAD AHD HR 

AMALGAMS. 

Bv Joel H. Hildrbrand. A H Foster and C W. Beebe 

$Udrived January 15, 1920 

The work here presented is part of a series of measurements which 
has been carried our during recent years upon the vapor pressures of 
amalgams. The previous papers give vapor-pressure measurements upon 
the following amalgams: line, 1 silver,* gold,* bismuth,* thallium,* and sup¬ 
plement the important investigations of T. W. Richards 4 and G. A. Hulett* 
and their co-workers upon the electromotive forces of amalgam-concentra¬ 
tion cells and other properties of amalgams at ordinary temperatures. 

The experimental procedure was essentially the same as that used in 
the earlier investigations and need not be again described- The accuracy 
is somewhat inferior to that of earlier measurements, although the “proba¬ 
ble error" of the average value at each concentration is less than *>o.aor 
in all cases except with the concentrated lead amalgams, where, for some 
unknown reason, it increased. 

The results are given in Tables I, II and III, where » represents the 
number of mols. of mercury per mol. of the other constituents, N repre¬ 
sents the mol-fractiorj of mercury (equal to «/(« + i); p the vapor pressure 
of mercury over the amalgam of composition N, and fo that of pure mer¬ 
cury at the same temperature. 

The calculated values were obtained by the aid of the equation' 

log p/p# * log N -f a/(i + c a)* (i) 

using the following values of a and c 

Ca-UMlfcm*. Stah*nal(Mtt 

a — I 40 +<J JJ* -fO 3BO 

t. .. +i 90 +o Jl 4-0 36 

This equation is to be regarded simply as mi empirical expresskn for 
smoothing vapor-pressure data, as was done in the earlier papers of this 
series. 

The results are also expressed graphically by the curves in the figure. 
It will be noted that the vapor pressures of cadmium amalgams axe less 
than are demanded by Raoult’s law, p/p# » N, and that the deviation 
becomes much greater at high concentrations of cadmium. Tin and lead 

* J, H. HSMebread, Orif. Comm Stk In. Jar, Cmf. Apfl Ckm.. as, 139. *47; Tram. 
Am. Btetmkm, Sac.. as, 319, 333 (191s); Tins Journal, 33,301 <191 j), 

* Enoon I). Eastman and J H. Hildebrand, Tars Journal, 36,3939 (tyra). 

*IWL, 17,343* («9»3). 

* Carnap* Inti. Ft*.. 56, u*i Z- pkysik. Ckm., $S, 6*3 (1907); 7s,"i*9. i*j (1999); 
Tws Journal, 41,1731 (1919). 

* Thn Journal, ja, rtta (*9<si); J. Thy*. Chm.. 14, «jS (19*0). 
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BDwkams at 314° shew almost identical deviations from Raoult’s law, 
just as they do at ordinary temperatures, as seen from the e. m. f. measure- 
ments of Richards and Garrod-Thomas 


10 09 O 8 07 0 6 DJ 04 O.J 02 OI O 



1.0 09 08 07 0.6 05 04 03 02 01 0.0 


The values for lead amalgams of high lead content art \ ery mi satis¬ 
factory, so far as consistence is concerned, and, from theoretical coosid 
erations, are doubtless too low It is extremely improbable that the 
curve contains any inflection at the lower end, as the measurements 
would seem to demand. There is no other case known to us in all the 
literature on vapor pressure where such behavior is indicated. More 
careful investigation of this region was prevented by the entrance of all 
of us into war service, and it has not since seemed worth white to hold 

up the publication of these results for the experimental work it would 
require. 


w* ca 
o 

r 046 
* 050 
4-75* 
7 034 
8.874 

8,879 


Tilius I —Cadwtom Amalcahs 


WtHj 
« « 

2 5 2 3 13 J! 

32 61 6 , 9 

2 3 90 2 813 

20 67 1 550 

15 10 O 953 

n 36 0 yjo 


Numbct 
N. of obi 

0 93 i 6 

0 S61 5 

0 738 6 

0 62? 6 

0 488 5 

« «lS 6 

a /; 


AT 3«*. 

__ P/U 

C*)c (I). ON«Vj> 
0 920 0 JJ 7 o 928 

o 830 O 843 0,847 

o 688 0 680 0,684 

o 323 O J2» 0;J7J 

0 372 O 323 O 317 

o.*i* 0,233 . e.233 

0 '■** O tag *,144 
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Tabus II.—Lead Amalgams at 3*4*- 


1 V- 

WtHjr. 

O. 



«~r eirVfeWf* 

tfu. 


a. 

S. 

of ob# 

Ota, 

Calf, 

r.ias 

II.6j 

10.43 

0.912 

4 

0.944 

0.943 

1.240 

It .77 

9.80 

O.907 

5 

0.944 

0.938 

1.734 

9-358 

556 

O 848 

5 

0.915 

0.918 

3.00J 

II .11 

3 48 

O 777 

5 

0 897 

0.887 

3 026 

9990 

3 4' 

0-774 

S 

0.8S7 

0.886 

a.590 

6.440 

2-57 

0 720 

7 

0855 

0.861 

4449 

6.432 

I 492 

0-599 

6 

0.782 

0.784 

5 603 

5 330 

0.987 

0-497 

9 

0.700 

0.698 

6 ,no 

4 55® 

0 820 

0.407 

7 

0.597 

0.590 

8.039 

3426 

0 440 

0.30s 

6 

(0 448)* 

0.478 

8.037 

3.210 

0.412 

O.291 

4 

(0.452) 

0 461 

9.631 

2.342 

0.33: 

0.201 

9 

(0.302) 

0.331 

7 846 

1.087 

0.1313 

O 123 

V 

(0.149) 

0.212 

IO.J18 

I -145 

0.1132 

0 101 

4 

(0.137) 

0.174 

* The 

values in parentheses are regarded as inaccurate. 
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lit.—TlS A HA LOAMS, AT 324* 



Wt So 

G. 

Wt H( 

G 



Number 
of ot>» 


■ 

AT. 

Obs. 

Calc,' 

0 6166 

>5-33 

14 68 

0 936 

5 

0 958 

0-959 

I .224 

«8.39 

9 00 

O 900 

7 

0.944 

0 944 

I .224 

18 46 

8 93 

0.899 

5 

0.943 

0.942 

2 JIO 

«9 12 

4 51 

O.818 

b 

0.908 

0.912 

2 J<U 

19-*3 

4 3«' 

0.811 

5 

0 911 

0.908 

3 3*2 

13 «> 

3 2$1 

0 693 

5 

0.850 

0.849 

4-TJ9 

13 03 

t 5<*> 

O 600 

S 

0.777 

0,780 

3 *34 

8 930 

1 007 

0 502 

6 

0.690 

0.690 

5-235 

5 *46 

O 660 

0 398 

6 

O.S74 

0.375 

3 742 

4 138 

O 42S 

0.299 

8 

0.430 

0,451 

6.904 

2 9IJ 

O 130 

0 200 

7 

0 313 

0 jra 

8.831 

1 6jt 

0 1103 

0 ow 

4 

0 IJ9 

0.160 

The values for cadmium amalgams 

can be reproduced very closely by 


assuming partial solvation, according to the equation: 

Cd + Hg - CdHg, 

aa was done in a previous paper, 1 lor the sake of calculating the c. m. f. 
of cadmium amalgam concentration cells. 

The formula there given was _ 

' p_ _ w — i -f V(» 4* »}* — 

to ll + l + W+ t)’ —-4B* 2 

where B is a constant which is a function of the equilibrium constant for 
the above reaction. The values in the last column of Table I, designated 
“talc, (2)," have beta* calculated using this formula, assigning to B the 
1 J. H. Hildebrand, "The Coustitutfan of Certain Liquid Amalgam*," Tais Jove- 
*•*, Jfc S»» (*»*$>. 
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1 0.75, which does hot differ greatly from the value o. 7 > u 
wwvAte the e. m. f. values of Richards and Fortes and of Hulett and De- 
T jtay * at as*- The behavior of cadmium amalgams may, therefore, be 
gy plamw} on the basis of the formation of a new molecular species with* 

out assuming the failure of Raoult's law , . 

This cannot so easily be done, however, in the cases of lead and tin 
amalgams, for the deviations from Raoult's law are here so great that they 
could be accounted for only by the assumption of molecules of lead and 
tin more complex than Pbs and Sn«, and even eui 1 es so calculated would 
not correspond at all well to the actual curves 1 
A theoretical discussion of all the data on amalgams obtained in this 
series of investigations will be the subject of a future communication. 


Summary. 

1. Vapor pressures of mercury over amalgams of cadmium, lead and 
tin at.324^..have been measured at intervals coming the entire range 
of concentrations. 

2. The values of the constants in an empirical equation relating vapor 
pressure to composition are given for each am ilagam 

3. Cadmium amalgams gave vapor pressures less than Raoult's law de¬ 
mands, and the deviations can be calculated on the assumption of partial 
solvation, varying with the concentration according to the mass law, to 
form molecules of CdHg 

4. bead and tin amalgams give vapor pressures which are nearly equal, 
and are much greater than Raoult’s law demands The deviations can¬ 
not be accounted for by assumption of any simple molecular change 

Baantutir. Cm. 


NOTE. 

Correction. In the paper on “The Genesis of Petroleum as Revealed 
by its Nitrogen Constituents,” in the October, 1919, number of Tm$ 
Jootnal p. 1692, on line 32, the voids "methyl chinolmes" should 
read aliyl chmolines, and onp 1694, on lme 35 , the words “n kg "should 

3kg ’ C F. Mabuky. 

1 Loc. at. 

* See discussion of bismuth amalgams, loc at 
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THE FUNCTION OF VITAMINES IN THE METABOLISM OF 
SCLEROTTNIA CINEREA. 1 .* 

Br J. J. WtUAMLUI. 

Rtedvd October 6 , 1919 

L Introduction. 

In the spring of 1918 the writer began an investigation of some of the 
biochemical phenomena concerned in the parasitism#! certain phytopatho- 
genic fungi. Scierotinia cinerea (Bon.) Scbrdter was selected as a good 
subject to begin with, since it is both a virulent parasite and a ready sapro¬ 
phyte, and undergoes its principal life history phases under cultural con¬ 
ditions in the laboratory. It was proposed to begin at the very bottom, 
and to ascertain first the bare fundamentals of its nutrition, since most 
questions of parasitism must in the last analysis be referred to the nutri¬ 
tion of the fungus. The mechanism of penetration of the host, the mechan¬ 
ical and chemical equipment of the latter for warding off the attacking 
fungus, are in many cases of parasitism more or less secondary to the primal 
question, does the host furnish the necessary nutrients for the particular 
fungus in question ? It was, therefore, thought desirable to make a pre¬ 
liminary study of the fundamental nutritional requirements of Scierotinia, 
the brown-rot organism of drupe and pome fruits. 

Currie* has come the nearest to making this sort of a study. Using 
Aspergillus niger, he found that the only torts required are potassium, 
magnesium, sulfate and phosphate (P0 4 ' , ' ++ ); calcium and iron, at least 
in so far as it is possible to exclude them from a medium by the most 
careful methods of purification, are not essential. Nitrogen from almost 
any mineral or organic form will serve. By varying the proportions of 
the mineral elements, nitrogen, and sugar, Currie could induce profound 
changes in the metabolism of this fugus, as measured by the by-products. 
The organism grows luxuriantly on a medium containing only the most 
highly purified salts, sucrose, and nitrate; it also thrives on practically all 
dead plant tissues and on many animal tissues; and it will readily attack 
and live cm many living tissues, especially fruits, roots, and tubers. La 
other words, Aspergillus can run the gamut from parasitism to sapro- 
phytism. 

When Currie’s solutions were tried with the brown-rot fungus, failur e 
w»| met with at every combination of pure salts and sugar. Pure organic 

* Published with dw approval of the Direct** a* Paper No. its, Journal Series, 
Minnesota Agricultural Experiment Station 

1 This paper wee submitted to the Ogden Graduate School of the University at 
Chicago as a thesis in partial fulfilment ot the mpmtment* for the decree erf Doctor of 
PhOcaonby. 

* J. N. Currie. J. Bid. Om„ ji, 1$ tipsy). 
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compounds, such as asparagine and amino adds, did not improve 
the media. When, however, a small amount of prune, peach, or apple 
price was added to them, the fungus grew at a normal rate. Decoctions 
from other plant materials were tried, with similar results. It was ap¬ 
parent that Sclerolinia had very different nutritional requirements from 
those of Aspergillus, and that some substance, or substances, was furnished 
by natural materials that were essential to the growth of the fungus. A 
tong list of nitrogen compounds, sugars, pectin, inorganic salts, and salts 
of organic acicfs, under various conditions of acidity, temperature, and 
light, were tried, but in all cases where the substances involved were pure, 
and were not contaminated by mother liquor from a plant juke, growth 
either did not take place or was very weak. The writer presented these 
data before the Cleveland meeting of the American Chemical Society 
in September, 1918, 1 and at that time postulated that, for the proper growth 
of this fungus there is required, besides suitable mineral, nitrogen, and 
carbohydrate food, some accessory nutrients, which are furnished by 
plant materials, and especially by the natural hosts of the organism. Work 
had not progressed far enough at this time, however, to furnish any idea 
as to the nature of these accessory substances. When the writer took 
this problem to the University ol Chicago in April. 19.9, Dt. William 
Crocker immediately suggested a comparison with the work of Williams* 
on the vitamine requirement of baker’s yeast. The latter had found that 
the yeast was dependent for normal growth on an adequate supply of a 
m Ule raediutn ' that this vitamine was prob- 
T thC Mtmeuritic vitamine B of animal nutrition. 
Sderoima was transferred on to media containing vitamine prep- 

u* *—« -urn**. 3 SS "L£ totto ” ra ‘ i ** u ““ «* 

O, The Vifamines. 

the wwkiThSd follows.' ° D vitaminc insofar »s it pertains to 

the teS “ d ^ amSt thC Cominued «* «* 

the proof of which has not £ yet beafSitf m "7 &d structurt * 
ever, the term "vitamine” is 1 ^ satisfactorily established How- 

both the scientific and the p opular “J 50 wid % ^ to 

much to recommend it, provide its me — 11181 ttS <!£mtinuttJ «* 

1 j. j. Wta*. y }ttd T™? ** is S^erally understood and 

*R. J. Willies'y Zi nL atl °' 863 ^‘ 8 > 

* The yeast vitamine vrai VK!y ylt'jf 5 

University a f aZ^clll'Z? by ft - J- WSlimw, at that Um 

Deteher of the University of ^ ,rhc * t e ® b[ >° vitamine by Prof.«. A, 
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accepted. In the present paper the writer uses the term “vitamine" 
fa the sense of the following definition: Vitamines constitute a class of 
substances the individuals of which are necessary for the normal metabolism 
of certain living organisms, but which do not contribute to die mineral, nitrogen , 
or energy factors of the nutrition of those organisms . This definition {*} 
does not assign any specific function to the vitamines, hence it will include 
the substances which may prevent disease, promote growth and repro¬ 
duction, cause dormancy by their temporary absence, or affect any other 
phase of metabolism; (2) does not limit vitamines to either plant or animal 
organisms; (3) does not claim that a given metabolic activity, such as 
growth, will not take place in the absence of the vitamine, but that it will 
not take place normally; (4) does not imply anything as to the nature, 
properties, composition, or number of the vitamines; (5) does not exclude, 
but actually invites the use of the terms "vitamine A," “vitamine B,” 
"vitamine C,” and so on ad Itbttum, provided this specific use of the word 
is specifically defined fa each case. “Vitamine'' then is a generic term, 
like "carbohydrate" and “salt.” The writer has taken pains to establish 
this meaning of the word as it is used fa the following pages, so that his 
free and unqualified use of it will not be misunderstood. He also sub¬ 
mits it to the critical consideration of others. 

It has been established beyond all doubt that the higher animals are 
dependent on plant sources for their vitamines This is at feast the case 
for the 3 such vitamines so far described, the growth-promoting, fat- 
soluble A, the ontineuritic B, and the antiscorbutic C. What the function 
of these substances in plants is has not been touched upon at all fay in¬ 
vestigators. Other vitamines for animals may be discovered by further 
research; and whether these will also be phytogenic can only be con¬ 
jectured. 

Certain of the plants themselves may have exogenous vitamines. Bot- 
tomley, fa his well-known work on bacterized peat, isolated substances 
which aided materially fa the normal development of a number of seed- 
plants, In some cases very small quantities of his preparations had marked 
stimulative properties when used as a fertilizer. The vitamines, which 
he called "amcimones," were produced by the action of certain soil or¬ 
ganisms on peat and are apparently connected with nitrogen fixation. 
The auximones, like vitamine B, were precipitated by phosphotungstic 
acid and by silver nitrate. Other investigators have corroborated Bot- 
tamiey’a results fa some casts, but have failed to do so fa others. A few 
papers by Bottomtey and others are cited for further reference.* 

* W. B, Bottomtey, Free. Key, See, (London), 88B, *37 (1914); Asa. Botany, 
*8, 3JI (*914); Free. Key, Set. (Lento*), 89B, 481 (1917); X>. H. Jones, A Surratt* 
Bed,, t, 43 (*917); G. D. Khk, "The Spirit of the SoO," *9*6, London; O. Baowifcrim. 
BLociem, J H t«, 7 
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wppJeamn 1 believes that potato tubers contain growth-promoting mb* 
■names which are essential for the proper growth of sprouts. These sub¬ 
stances are present in limited amounts; hence, his recommendation tor a 
minimum size of seed piece in cutting tubers for seed purpose*. He 
•scribes the “spindling sprout” disease of potato tubers to a low content 
of these growth-promoting substances. 

Among the fungi other examples of vitamine requirements have been 
brought to light, Williams' found that baker's yeast is absolutely de¬ 
pendent on a supply of vitamine in the medium in which it is to grow. 
He could use the rate of multiplication of a single yeast cell in hanging 
drop culture as an index of the vitamine content of the medium. A single 
cell in a purely synthetic medium would fat! to grow. If many cells were 
present, they became less sensitive to a lack of vitamine until, if a mam 
of yeast “as big as a pin head," as recommended by Pasteur, were used 
in a flask of purely synthetic medium, growth would proceed normally 
for a time without the addition of vitamine, ultimately, however, coming 
to a standstill. This indicates some accommodation on the part of the 
yeast to small amounts of vitamine Williams isolated the vitamine 
from wheat embryo, milk, pancreatin, beer wort, and autolyred yeast, 
and since these are typical sources of vitamine B in animal feeding exneri- 
ments, be considered the yeast vitamine to be identical with the water- 
«fluble B. It is interesting to point out in this connection that Harden 
and Zilva found no vitamine B in beer, as measured bv feeding testa with 

SZ ATSrjSL- “* ^ u «“ 
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One of them is hemoglobin and the other is a vitamice-Bke substance, 
as yet unidentified, which is elaborated by a number of other bacteria 
when grown in the same culture with the influenza bacillus, and which can 
also be isolated from many animal tissues and from potatoes, carrots, and 
sprouted rice and wheat. There is evidence that the second factor is 
required to make the iron of the hemoglobin available. In fact, Davis 
suggests a possible role for other vitamines in making available iron, 
calcium, phosphorus, iodine, and amino adds. Miss Lloyd 1 maintain* 
that such is the function of the vitamines for the meningococcus. This 
organism must have amino acids in its nutrition, but it is unable to obtain 
them from proteins unless the vitamines, which it obtains from body 
fluids, are present. 

Shearer* found “an accessory food factor" in the nasal secretion, which 
greatly stimulates the growth of meningococcus, pneumococcus, B. typhosus 
B. colt communis, some fecal streptococci, and some throat bacteria. He 
did not demonstrate that the substance was absolutely essential to the 
normal growth of the organisms, but simply that it greatly stimulated 
their growth; lienee his substance may or may not fall under our definition 
of a vitamine. 

Pacini and Russell* report that the typhoid bacillus elaborates a vitamine 
in cultures, that the vitamine, when extracted from the cultures with al¬ 
cohol and then with water, will promote the growth of experimental n«imnt« 
and that it is a clinical observation that patients recovered from an at¬ 
tack of typhoid often experience a marked acceleration in growth. Their 
feeding experiments cover too short periods, however, to be thoroughly 
convincing. 

In summary of the present status of the studies of vitamines, it may be 
said that they are no doubt very widely distributed in both animals and 
plants; that in some cases plants obtain their vitamine from other plants, 
in some cases animals obtain theirs from plants, and in other caeca plants 
from animals; that the best known vitamines are the A, B and C vitamines 
in the nutrition of higher animals; and that these vitamines haw their 
origin in plants, but that their function there is unknown. 

in. Methods Employed. 

Description of ScUrotma in Cultures, 

Only the Monilia stage of the fungus appears in culture; that is, the 
mycelial felt, bearing the asexual spores, or conidia. On certain media 
anil under certain conditions microconidia appear,* but toe characteristic 
life cycle cm cultural media is the growth of the mycelium and then to* 

* D Lloyd, /. Path. Part,, at, nj <i«i6) 

* C. Sb#uer, Lomrt, tpt?, p S9- 

* A. J. I*. Pacini and D. W. Rtssett, J, Biol. Oom, 54 ,43 < W»). 

* W. O, VaUaau, /. Ajr. Rot , 5,5*5 (»»«$). 
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■iq/utotiSm of the oonidia. In this paper these two phases wiS be spoken 
-of As Vegetative growth and reproduction, without qualification. 

■The juice of peach, plum, prime, or apple is probably one of the best 
and most normal medium for the laboratory propagation of this fungus. 
There is a certain range of dilution of such juices for optimum growth; 
too concentrated or too dilute juices, especially the former, will check the 
growth entirely. Within 24 hours after inoculation with spores cm the surface 
of the medium, a white, cottony growth can be seen. This rapidly spreads 
along the surface, at the same time sending hyphae into the solution. 
The central or older portion of the mat becomes very dense and felty, 
while the rim is thinner. A normal rate of growth is almost a centimeter 
a day in diameter for 5 or 6 days, and then considerably slower as the limits 
of the containing flask and the exhaustion of the medium are approached. 

The greater hulk of the mycelium is contained in the now leathery mat, 
very few hyphae, especially from the older portion, extending down into 
the medium. The surface layers are white, while beneath this the mycelium 
is black. The medium always contains a gel of calcium pedate coagu¬ 
lated by the pectase secreted by the fungus. Depending on the con¬ 
centration of the pectins, this gel varies from a little flomdent precipitate 
to a completely solid medium; and a portion of this gel is enuneshtd by 
the hyphae and made a part of the mycelium, as has been reported on 
briefly by the writer. 1 


The spores may appear any time from the second to the sixth day. 
They may cover an area a centimeter in diameter, they may appear in 
scattered areas or circles, or they may cover practically the entire surface 
of the mat with a dense buff-colored mass. On a healthy mycelium these 
sptwes persist and remain virile for some time, at least for 2 or 3 weeks- 
wWe on unhealthy mycelium they may shrivel up within 4 or 5 days.' 

^P^uction apparently depend almost entity 
^ C ^ I f ter of medlum i they will take place in either light or dark 

Culture Methods. 
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modifications were taken otto consideration. Admittedly this method is 
not exact; but practice has given the writer what he considers is ail the 
accuracy warranted by the eccentricities and irregularities of such culture 
studies. The determination of the dry weight of mycelium was imprac¬ 
ticable in these studies for two reasons: first, because of the difficulty of 
freeing the mats of fungus from mother liquor without losing parts of the 
mycelium; and second, because not only the total growth but the rate of 
growth was wanted. Duplicate, and sometimes triplicate, sets were 
employed, Oily the average of which are here reported. 

The amount of sporulation was likewise estimated by inspection, and 
recorded by indicating one or more + signs {see Table I). These signs 
indicate the relative and not the absolute amount of spore tissue, as com¬ 
pared with the amount of vegetative growth. Thus, il a 1.5 cm. mat was 

completely covered with spores, it was recorded 1.5; if a 5 cm. mat bore 

++++ 

about 1.5 cm. of spore tissue, it was recorded 5, since the amount of spam- 

-*-+ 

la lion relative to vegetation is small. This method was adopted because 
reproduction is not an entirely separate phase, since a certain amount of 
vegetation is first necessary. Hence, vegetation can be considered as an 
absolute, while reproduction is only a relative, function. 

The fungus was perpetuated in the laboratory on soaked dried peaches 
in deep petri dishes, autoclaved at 12 pounds pressure for 10 minutes. 
The growth was rapid, and gave an abundant supply of spores. 

Preparation ol Media. 

The fruit juices were prepared by soaking the sound, commercial desic¬ 
cated material in an excess of water for 24 hours, steaming at 100* 
for about 20 minutes, then draining and squeezing through cheese cloth. 
Sometimes the pulp was moistened and squeezed a second time. If the 
juke was for future use, it was placed in plugged Krlemneyer flasks and 
sterilized at 100“ for about 30 minutes. 

The basal medium for all the vitamin e tests consisted of Currie’s mineral 
solution,* plus asparagine for a source of nitrogen, plus sucrose. Its com¬ 
position was as follows: Water, 1000 cc.; monopotassium phosphate, 
1.0 g.; magnesium sulfate (7H1O}, 0.25 g.; ferrous sulfate (7H*®, 0.05 g,; 
o.i N sulfuric acid, to cc.; asparagine, ao g.; sucrose, 80 g. 

The chemicals were of the ordinary c. P. grade, the sucrose being “rock 
canly.” Several other trial media indicated that calcium, sodium and 
Chlorine added nothing to live value of the above medium. The 0.1 N 
sulfuric acid was added to give a certain acidity to the medium com¬ 
parable to that of fruit juke. Sclnvtima will endure a rather wide range 
of reaction and still grow and reproduce normally. Indicator deterenina- 
‘ J. N. Currie, J. Biel. Cb*m„ 31,13 
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sms showed that the cultures in these tests had Pg TO toCTjk tsmtt 
,g ^ 4 3l which is well withm the possible range of this organism. The 

phosphate and asparagme in the medium served as buffers. 

Ttemedia were autoclaved at re pounds pressure for 10 minutes. This 
inverted about '/« of the sucrose, and made the solution faintly yellow, 
bat neither of these changes is detrimental to Seltrottma. Some tests 
on the effect of high temperature on the ritamines and on fruit jukes, 
given later, showed no detectable injuries. 

Many compounds of nitrogen other than asparagine were tried, and will 
be indicated in their proper place. Ammonia and nitrate nitrogen can 
be utilised, but rather poorly; and peptone is too highly contaminated 
with vitamine to be of service in a basic medium. 

IV. Experimental Date. 

Preliminary. 

In order to show the course of development of the fungus on various 
dilutions of fruit juices, the data in Table I are presented. 

Tabu I. 

The Course of Development of Sdtnlma mum on Varkau Fruit Juice* 
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It will be noted (r) that practically complete growth is accomplished 
within to fays; (*) that sporulation begins about the third or fourth day; 
(3) that the amount of vegetation is not proportional to the concentration 
of the juice, the fungus being unable to utilize the greater amounts of 
nutrients in the same degree that it does the lesser; (4) that reproduction 
is more abundant on the peach juice than on the others; (5) that the higher 
concentrations are not necessarily the optimum for reproduction. 

Since peach juice appeared to be the best adapted for the work at hand, 
it was used in most of the succeeding experiments. 

Table IT 

efficiency of Various Compound* of Nitrogen for Sclerotinia, Used in the Basal Medium 

of Salta and Sucrose 
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Table II presents the results of experiments designed to test the effec¬ 
tiveness of various sources of nitrogen used in conjunction with the mineral- 
sucrose basal medium. At the time these tests were made, the vitamine 
hypothesis for Srirrotimd had just been suggested to the writer. On this 
basis, the apparent great differences in availability of these nitrogen com¬ 
pounds could easily be explained by assuming a vitamine contaminaHoc 
tin the successful ones, and the iach of it in the unsuccessful. McCollum 1 
and Williams 1 found considerable vitamine B in commercial lactose, and 
the latter found it abundant in Witte's peptone, which examples show the 
possibilities of vitamine contamination in many substances. 

To tad this point, a series of cultures were made, using various ptep ar a- 
1 2 . V. McCollum and ML Davit, i. Bid Qum., 13, i*» (1*13). 

* St. J. Wliiksa. Ibid.. 38,46s (.919). 
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P$ji|8!rof vitamin es, together with several compounds of nitrogen. The 
can best be presented in the form of curves. Fig. r shows the effect 
of whig glycine and prune juke, and asparagine and prune juke, singly 
Attd in Combination. The growth curves show unmistakably that the 
nitrogen of asparagine, of glycine, or of 2 cc. of prune juke is insufficient 



Fig- I- Availability of the nitrogen of glycine and of asparagine with and without the 
addition of prune juice. 

183 *5 cc. of basal medium -f 2 cc of prune juice 106. 


184 

185 " 

186 " 
IS? " 


0.1 g. of glycine 


asparagine. 


+ 2 cc. of prune juice, 
-f 2 cc. of prune juice. 


for normal growth; that the vitamin e content of the 2 cc. of prune juice 
alone, together with its small quantity of contained nitrogen, is insufficient 
for good growth; but that the fungus can make excellent growth on cither 
asparagine or glycine if the growth-promoting material of the j cc of prime 
juice is also present. 
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wort alone will support growth fairly well, but that the wort and the 
dhumnonium phosphate together constitute an excellent medium, like¬ 
wise, the vitamine preparation served to make the ammonia nitrogen 
more 'useful to the fungus, although the results are not striking. It 
should be remarked, however, that Cultures 208 and 209, containing the 
prepared vitamine, showed marked reproduction, a phase which will not 
be considered here. 

Fig. 3 presents another series of cultures, using peptone. Lloyd's 
alkaloidal reagent, a variety of fullers’ earth with a high adsorptive ca¬ 
pacity towards alkaloids, 1 and also towards vitamine B,® was shaken with 
a solution of the peptone, in order to see whether it was a contained 
vitamine that gives this form of nitrogen its marked growth-promoting 



— Tlte prewiict' of a substance iu peptone Witte) and in alcoholic extract of 
wheat emtir.vo that promote* the growth o! StUmuma. 

179 15 <x. of («ml medium +Oi g of peptone 

ifio " ” “ “ “ " " " 1 with fuEcrs.' earth. 

181. “ " * “ . 4 - alco¬ 

holic extract of wheat embryo 

properties with Sdtrohna. Also, a preparation of the alcoholic extract 
of wheat emhryo was added to the "devitamtzed*' peptone. The growtn 
curve* show that apparently there is an accessory food factor in the pep¬ 
tone that can be at least partially removed by shaking with fullers* earth, 
and that the wheat embryo extract contains a similar substance that cam 
enhance the nutritive value of the peptone 

Accommodation of Sclerotinia to Low Supplies of Vitamin*. 

In order to test the behavior of Sckrohuia over long periods of time 
on media low in vitamine, the series shown graphically in Kg. 4 was 
arranged. For comparison, the growth on a typical fruit juice medium 
hntacludcd It will be seen that in most cases on any medium the growth 
i« greatest during the first week and a half ; that its growth during this 
period is roughly proportional to the supply of vitamine; that its growth 
following this period is very slow. Whether this long-continued slow 

* J. U. Lloyd, J- da. Pktrm. Ait*.. 19x6, Apr.-May. We wish to adswwfed** 
our indebtedness to Prof- Lloyd for our supply of tbi* material. 

* A. 8eM*», V- S. Pmilk Rtpm, jr, 3S4 {191*). 
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growth represents a struck or the part of the fungus to distribute the 
previously absorbed vitamine throughout a greater balk of tissue, or 
whether during this period the fungus is synthesizing its own vitamin*, 
or whether it is doing without it altogether, is not known at present. In 
most cultures, after the initial period of relatively rapid growth has passed, 
there is scarcely any visible change for the next jo or 15 days except a 



Pit 4.—Growth of Sclerotinia. over long periods of time on low levels of vitamine 
supply- 

108 Peach juice medium (Table 1) 

tS 8 *3 oc. of basal medium + o 1 g of (N T H,\HPO,. No source of vitamine added. 
jij ij cc. of basal medium + 01 t of (NH,),HPO, -I o 1 cc of peach juice. 
ait 13 cc. of basal medium + o 07 i of asparagine. No source of vitamine added. 

decided darkening of the mycelium. Then tufts of new, white mycelium 
begin to appear on the surface of the old. These slowly spread until in 
some cases they nearly cover the older portion. Although direct evidence 
is lacking, it is plausible that during this quiescent period autolytic changes 
ate taking place in the oldest cells. This would liberate the contained 
vitamine into the medium or into the adjacent healthy cells, and a growth 
could recommence. 

It is not known whether the better growth cm asparagine than an di- 
ammoniam hydrogen phosphate is due to a greater availability of the 
former or to the presence of contaminating vitamine. It should be 
pointed out here that in no case has the writer been sure that vitamine* 
were entirely excluded from his cultures. As previously mentioned, 
in the method of inoculation used, several hundred spores are in moat 
cases transplanted by the platinum wire in a single chimp to the surface 
of the medium. In the case of yeast, as pointed out by William*, 1 a single 
eefl will show practically no divirion in a vitamtoe-free medium; whereas 
if many cells are present, the rate of division increases in proportion to 
th*fr number. The writer has not had opportunity to make ring!* spore 
inoculations. In the case of Sclerotinia the transfer must be made oa the 
•tofacc to secure normal growth, and attempts to do so with a single 
qwte have so far been unsuccessful. It baa often been observed, how- 
«tor, that single spores of this fungus in distilled water grow fcypbae which 
* It 1, Wiaknw, J. SM, Chm., sit, (lyr*). 
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are several hundred times the volume of the spore. How far it would de¬ 
velop in a nutrient medium complete except for lack of v i ta m i n e is a fact 
which should be ascertained. 

In order to show that exhaustion of a medium and hence cessation of 
growth is often occasioned by the consumption of an the vitamine in the 
solution, the series of cultures shown in Fig. 5 was arranged. It is dear 
that in 333 and 334 growth ceased principally because the vitamine was 
consumed, and not because of an exhaustion of the nitrogen, minerals, 
or sugar; since when a new supply of vitamine was added the medium 



Fig. 5.—Exhaustion of the vitamine content of the medium. 

233 13 re of basal medium + o 07 g of asparagine -f 1 cc- of peach juke hi each 
of 1 Basis At 1 the fungus w.a* removed from each flask; 4 ec. of vitamine prepare- 
tion was added to a, and both were re inoculated 
324 '» a repetition of 333. 

137 25 CC of basal medium + o 07 g of asparagine + o 2 cc. of vitamine prepara¬ 
tion. At a 4 cc. of vitamine was added, without removing the fungus. 

could support another growth of the fungus. Number 237 brings out more 
vividly the reason for the failure of growth on a medium lacking in vitamine. 
This culture had made a growth of but one cm. in 11 days; the addition 
of some vitamine solution induced an immediate growth response. It is 
conceivable that the toxin explanation of failure of fungi to grow on 
“used" media, offered especially by Luts, 1 in many cases is simply a case 
of exhaustion of a growth-promoting factor. 

Preparation of Vitamines from Various Sources. 

Since the evidence pointed to the fact that Sckrofmia requires a vitamine 
which occurs in several natural materials, which is rather heat stable, 
and which is adsorbed by fullers’ earth, it was thought desirable to make 
vitamine preparations from a variety of sources, for the following reasons: 
(i) to obtain information concerning their possible identity with the water* 
soluble B; (2) to see whether a variety of sources would not furnish prep¬ 
arations which differed in their relative effect on growth and reproduction 
fat Sckrotinia; (3) to gain some knowledge cff the distribution sad relative 
abundance of these substances in plant and animal materials; (4) and, hi 
» 0 . tat*. < 4 «*. Uycai. mu Syi w>, 7. W 
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*-few instances, to obtain preliminary evidence concerning the possible 
rok of vitamines in the phenomena of correlation in plants. 

The method of obtaining the vitamines by means of Lloyd’s alkaloidal 
reagent was used in all of these experiments. It adsorbs the vitamines from 
an add solution, and releases them in an alkaline. This method was 
adopted because (i) it is characteristic of vitamine B, with which the writer, 
after a few preliminary trials, was convinced he was working; (a) it makes 
a more or less well defined separation of the prindpks studied from the 
other nutrients of the materials; (3) it tends to exclude the presence of 
toxic compounds, such as tannin, from the tests. The latter point is very 
important, since in one case a water extract of dried plum material In¬ 
hibited the growth of the fungus entirely, while a very active vitamine 
preparation could be made from the material. 

In the preliminary work with the juice of peaches and prunes, it was 
found that the presence of the pectin in the juice almost wholly inhibited 
the adsorptive property of the fullers’ earth (see Table HI, Numbers 222, 
223, 227-230). When the pectin was predpitated with 2 volumes of 95% 
alcohol, and the alcoholic filtrate shaken with the earth, good adsorption 
was obtained. Williams and Seidell'" found" tfiat acidified alcohol could 
be used to extract the vitamine from fullers' earth; since, however, they 
do not state the strength of add or of alcohol used, it is not known whether 
their method and the writer’s are really contradictory or not. It was 
dedded to adopt this medium of about 65% alcohol for the preparation 
of the vitamines. It was slightly add, by virtue of th* natural aridity of 
most of the materials, and of the addition of a few drops of 1% sulfuric 
add. It had certain other advantages over an aqueous medium, such as 
greater ease in filtration and the exclusion of starch a^d proteins in w*"* 
of the materials. 


Trials were conducted to ascertain the best conditions for the extraction, 
amount 0# Lloyd's reagent, time of shaking with it, effect of boiling the al¬ 
coholic solution with it, amount and kind of alkali to t* used in liberating 
the adsorbed vitamine. Tor the last, Williams’ method,’ aging s atur a t e d 
barium hydroxide solution, was adopted, since subsequent acid i f ying with 
sulfuric acid left no residual salt in the preparation. Table III give* 
the methods and results of these trials. The general procedure consisted 
in the precipitation and filtration of the pectin, the thoro ug h mixing of the 
filtrate with the Lloyd’s reagent in a mortar, shaking in a mechanical 
*haker for the specified length of time, filtering the fuller*’ earth th rough 
paper on a Buchner funnel, washing once with slightly acidified 63% 
afcobcl, macerating the fullers’ earth with the saturated barium hydroxide, 
«*. *. WBttwa* awl A. Sridri], /. Bid, ttm., * 4 ,«» <»«»« 

* *. J. Wiliam., IbU,, jg, 465 ( (9I9 ). '* 
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again shaking in the machine for 30 minutes, filtering through thin asbestos 
on a BUchner funnel, carefully neutralizing the filtrate to phenolphthaleia 
with dil. sulfuric acid, then adding an excess of 5 to 10 drops of o-i N 
sulfuric add to remove the barium completely and leave a faintly add 
solution. This solution was now boiled for a time, in order to concentrate 
it and to bring the particles of barium sulfate into a filterable condition. 
After filtration the vitamine solution was brought to a volume correspond¬ 
ing to that of the original fruit juice used. The above practice of boiling 
for indefinite periods at atmospheric pressure was not detrimental to the 
vitarnines. A great many trials by the writer, and the experience of almost 
all other workers with vitamine B, have shown that many hours of beating 
at too®, either in alcohol or in water, provided_the*solution be acid, can be 
practiced with impunity. 

In those cases where the treatment with fullers’ earth was done in an 
aqueous solution of the fruit juice, the removal of the pectin was first 
accomplished as usual, then the alcohol removed from the filtrate by boil¬ 
ing. The residue was then made up to the original volume of the juice 
and treated with the earth. 

An examination of the data in Table III reveals the following facts. 
(1J The first scries shows that very little vitamine can be adsorbed in the 
presence of pectin. That the pectin itself can adsorb vitamine fairly Wefl 
will be brought out later, (z) The second and third series show that 
boiling the alcoholic solution of vitamine with the Lloyd's reagent for 10 
minutes is rather effective in removing the vitamine. Other trials, not 
presented here, showed, however, that this procedure is not quite so de¬ 
pendable as shaking at ordinary temperature, so it was abandoned. (3) 
Numbers 254 and 258 show that a hours of shaking are as effective as 
3 hours in the adsorption of vitamine (4) The third series makes a com¬ 
parison concerning the amount of the fullers’ earth required- Seidell 1 
found that 5 g. per 100 cc. of autolyzed yeast removed practically all of 
the an tine untie factor. The data show that this is not the case with the 
materials used here. Nine g. removes appreciably more than does 4 g. 
Since it is very obvious that even 9 g. does not remove a very large pro¬ 
portion of the vitamine, 13 g. was used in all subsequent work. A larger 
amount was not feasible because the volume occupied by the fullers’ 
earth and the amount of mother liquor occluded in it made comparative 
separations impossible (5) Considerable variations in the amount of 
speculation are noticeable in the table. This will be considered at some 
length in a later section. 

From the above observations the following procedure was decided upon 
and rigidly adhered to in ah the preparations of vitamine designed for 
< A. Sridtfl, U. S. PtkUc UtitUk Report. Jr, 364 (1916). 
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purposes of comparison. AU quantities of materials were based on the 

dry matter content in grams of the sample in hand. Thus: 

dry matter X 30 * volume of 65% alcoholic extract of the material, 

dry matter X 4 ■* grams of Lloyd’s reagent used, 

dry matter X 32 « volume of saturated barium hydroxide solution used 

to extract the vitamine from the earth, 
dry matter X 10 = volume of the final vitamine preparation. 

In the case of a succulent material, e. g., potato sprouts, a certain water 
content was assumed, sufficient 95% alcohol added to it to bring the re¬ 
sultant extract to 65%, the mixture ground with sand, enough 65% 
alcohol added to bring the total to the volume required by the above 
formula, the whole boiled for a few minutes, then filtered through paper, 
and washed once with a few cc. of 65% alcohol. The filtrate was then 
used in the manner described above, shaking with the fullers’ earth for 
2 hours. The final vitamine preparations were placed in bottles or test- 
tubes, stoppered with cotton, and sterilized at too° for about 25 minutes. 

Table IV presents the results of culture tests with the various vitamine 
preparations, roughly grouped according to the character of the material. 
Following is a description of the materials used, and a brief discussion of 
tile results- 

306. Dried apricots, soaked, steamed, and the juice expressed. This fruit, tike 
«H others of Prun us and Malus , is a natural host of Scirrotinux, and is a source of abun¬ 
dant vitamine supply. Spondation is usually prominent in media containing vita mines 
from these sources. 

334. Ripe plum. The material was collected in the summer of 1918, dried in 
an oven at 83-93*, ground to a powder, and stored in a bottle. After this rather vig¬ 
orous treatment it still yields a very active vitamine preparation, at least for vegetative 
development. 

246. Fans mycelial mats of Sclerotinia that had grown on diluted peach juke. 

24jr. Si* mycelial mats of Sderatxnia grown on a synthetic medium plus vitamine. 
Both this and the preceding show moderate amounts of vitamine for vegetative purports, 

34 ®- The fungus mats from Numbers 233, a;6 and ij 8. Table 111 . Although 
these cultures bad shown good speculation, the vitamine preparation from them shows 
only vegetative activity. This phase will be discussed later, 

496. Four mycelial mats of AspetfiUus niter, grown cm a synthetic medium free 
from added vitamine. This fungus grow* vigorously, without any known source of 
vitamine, on the most highly purified of synthetic media, as Currie reports.' Currie, 
in correspondence with the writer, states that as extract of old mycelium or of vigor¬ 
ously sporulatiog tissue of A. niter strongly accelerates the growth of this fungus. 
The power of accommodation to low supplies 0/ vitamine will be discussed later. 

306. sporophore of Scleroderma sfi., one of the common puff balk. The tissue 
was beginning to ripen. This is another material high In sporogenou* tissue. 

362. Sporophore of Cetlytna sp. This was selected to obtain another preparation 
from a spore tissue. It is high in the reproductive factor. 

446a. Baker's yeast, atitoiyzed 48 hours. This is the standard source of strong 
■pwFwntiow of vitamine B. The present preparation is seen to be very active in pro¬ 
moting both growth and reproduction in SrlereHme. 

* Jf. N. Currie, J. Biel. Ckem., jt, 13 (tpty). 
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jat. Pollen of maize, Zra mays This was used is order to have a preparation 
from the spores of another plant, ft is seen to be vary active in prodocin* reproduction 
in Sderciinia; in fact, this is one of the most active preparations the writer has found. 

47J. Bean sprouts, species unknown, but it is the material used in “bean-sprout 
chop suey.” The material was obtained from a Chinese shop in Chicago, According 
to Chick and Hume 1 the sprouting increases the vitamines in legumes in particular. 
Considerable vitamine is demonstrated in the present preparations. 

365. Sprouts of potato tubers, Solatium tuberosum. The sprouts were about one 

cm. tong. 

364.. Kernels of wheat, Triticum sp. 3640, dry kernels, before sprouting or soaking; 
3644, sprouted 4 days iu light, sprouts 2 cm. long; 364c, 8 days, sprouts (leaves) 8 cm. 
long. This series was designed to show whether any increase in vitamines could be 
demonstrated during sprouting, as has been claimed by Chick and Hume 1 for vitamine B, 
and by Chick and Hume and by Greig 1 for the antiscorbutic factor. In ail 3 the kernel, 
roots and sprouts were included in the preparation. The tests with Sderoiinia were 
very irregular ; so much so that the presence of some toxic material is indicated in the 
higher additions of vitamine. The only significance attached to these data is that they 
do demonstrate the existence of the vitamine, at least for vegetative purposes, in the 
wheat both before and after sprouting. There is some indication that reproduction is 
increased by the preparations from the older sprouts. 

366. Scarlet runner bean. Phaseotus muilifioms. This plant is the classic ex¬ 
ample of correlation influences in plants. The lateral stem buds do not grow as long 
os the terminal bud is present and growing; if the latter is removed, the neat lowest 
lateral bud begins to develop and becomes the growing point of the plant. It was sug¬ 
gested by Dr. William Crocker, of the University of Chicago, that the influence of 
vitamines might be concerned in these active and dormant buds. Number 3660 is 
a preparation from terminal buds, 36 64 from lateral buds. Both preparations are seen 
to carry the vitamines in about equal amount. It is not felt that this test proves or 
disproves the possible controlling effect of vitamines in this plant, since only very sm al l 
amounts of material were available, and since the technique of such tests with Sokra¬ 
tsMia is not as yet capable of showing positively small diSercnces between preparations. 
However, the presence of vitamine in both kinds of buds is unmistakably demonstrated, 
with the terminal buds possibly promoting more reproduction than the lateral. 

367. Young actively growing leaves of tomato, Lycepersieum eoculenlum. The 
positive results with this preparation are in line with the findings in animat feeding 
experiments that the green leaves of plants are plentifully supplied with both vitamine A 
and vitamine B. 

300. Rice polish. This is the long-known source of vitamine B, the lack of which 
causes beri beri, or polyneuritis. This preparation is only moderately active is pro¬ 
moting growth In Sderoiinia. 

413. SUm milk. This is known to con tain the water-soluble B fas fairly Ugh 
amounts, and a preparation of “protein-free milk"' is much used in animal feeding lor 
this purpose. The prerant preparation is only moderately active toward* ScUrobam- 

447. Pancratia (Parke, Davis Co,). Eddy 1 has shown that pancreatic extracts 
contain considerable amount* of vitamine B. It is abo demonstrated fat the presea t 
preparation. 

' H, Chick and E. M. Hume, /. Roy. Army Carps, sp, ut <1917). 

* B. D, W Greig, Indian J. Med., 4, «i8 <1917). 

* T. B. Osborne end U. B. Mendel, Carnegie InsL Pub., 156, Pts, I and n (ipir), 
Washington. 

* W. H. Eddy. J. Biot. Cbm., *7, us (iptfi). 
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The Number of Vitamines Involved and their Identity. 

Several very important considerations should be pointed out in connec¬ 
tion with the preceding experiments on vitamine preparations from differ¬ 
ent sources: (i) Every material examined, both plant and animal, sup¬ 
plies a vitamine active towards Sclerotmia. (2) Although all the vitamine 
preparations induce growth, only a relatively few induce reproduction. 
(3) The amount of reproduction in any given case is not necessarily pro¬ 
portional to the amount of vegetation. (4) The amount of growth is not 
proportional to the amount of vitamine preparation added. In fact, 
in some cases the higher additions promote less growth than tire lower. 
Whether this is due to some toxic material extracted either from the ma¬ 
terial or from the fullers’ earth is not known. (5) The cultures showing 
the greatest amount of reproduction are 322, from pollen, 376, from fungous 
sporopbore; 385, terminal buds of Phaseolus-, 476, yeast; 530, sporulating 
mycelium of Aspergillus ; 533, sporophore of Scleroderma ; 254 and 258, 
peach juice (Table III); and several of tiro peach juice media in Table I. 
It is noteworthy that most of these materials are characterired by high 
metabolic activity, either actual or potential. The fruit juices are not so 
characterized, but, on the other hand, they are the natural medium for 
this fungus. There is apparently some relation between the potential 
growth energy- of a tissue and its value as a source of vitamine for the 
production of tissue in Silerolmta with similar potential growth energy 
The above observations indicated the possible existence of two vitamine 
factors, one for vegetative growth and one for reproduction. There is 
a voluminous literature dealing with the question of vegetation vs. 
reproduction in plants. Among the factors so far discovered that control 
or affect this ratio are light, temperature humidity, oxygen, age of the 
plants, supply of nutrients, and the ratio of certain nutrients, especially 
of the carbon and nitrogen. The latter factor is apparently very important 
for many seed plants, hut has not been demonstrated to be of so much 
significance in the fungi. Among the latter plants light, 1 the supply of 
nutrients,* sudden reduction in the supply of nutrients * and the dependence 
on a particular plant decoction, 4 are of importance in affecting reproduc¬ 
tion in certain species. In the case of Sdrrottma these factors do not 
appear to operate in determining the relative proportion of the vegetative 
and reproductive phases, as was discussed in Station 111 The controlling 
influences sera to be the substances of the nature of vitamines. So far 
as the writer is aware, no one lias suggested this liefore for any species cf 

* G. H. Cooos, /. Ap. Res., 5,71 j (191&). 

* V. I. Palladia, "Plant Pkysjotogy,’ tram, by liviogstc* (1918), PblkdelpM* (j>. 
*94-299)' 

* A. J, Pittas, Am. J. Botany, a, 329 (tyij). 

* T. C3inton, Ap. Bap. Sta., Com,, Mp t, 1909-10, p, 753, 
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plant Therefore, experiments were instituted to obtain information con* 
ceming this obscure phase of plant metabolism. Some of tire specific 
problems involved are (1) the properties of the vitamine or vitamines; 
(2) the possible means of separating them from the materials containing 
them and from each other; (3) their relation to the already known vita*- 
mines; (4) their relation to the other nutritive materials of the medium. 

As regards the chemical and physical properties of the vitamines in 
general, they have no common characteristics as a class. It is probable 
that water-soluble B contains nitrogen, since all preparations of it have 
contained nitrogen, and since Williams 1 has secured some evidence that 
it is an isomer of adenine. Tire occurrence of nitrogen in the other vita- 
mines has not been investigated in any precise way. Fat-soluble A is 
destroyed by aeration at too 0 ; 5 the antiscorbutic C is destroyed by even 
lower temperatures;’ vitamine B resists autoclaving for at least an hour,* 
18 hours of boiling in benzene and in acetone,’ and 24 hours of hydrolysis 
in 20% sulfuric acid, 6 Davis’ 7 vitamine, for the influenza bacillus, with¬ 
stands ioo° for t to 2 hours; Miss Lloyd's 6 meningococcus vitamine with¬ 
stands 120 0 for 45 minutes, and Shearer’s* is not destroyed by cone, 
hydrochloric acid at ioo° for 6 hours Drying is fatal to the antiscorbutic 
C,* but not to the others, so far as tested. Vitamine B is adsorbed by 
fullers' earth, 10 and to a certain extent by animal charcoal 11 and by dialyzed 
iron; 1 * vitamine C is not adsorbed by either or by a Berkefeld filter; 1 * 
the meningococcus vitamine is adsorbed by filter paper.* Vitamine B 
is precipitated by phosphotungstic acid, 1 ’ as are Bottomley’s aiudmones. u 
All the vitamines so far tested are soluble in water and in aqueous alcohol, 
with the possible exception of fat-soluble A All preparations of vitamine 
B, as well as the peat auximones, 16 give positive reactions with the Folin- 
Dennis color reagent for purines. 16 

* R. R. William*. J. Bid. Ckern , as, 437 (1916), R. R Williams and A. Seidell. 
J. Biol . Ckern., ad, 43: (1916). 

*H. Steenbock, P. W. BoutweU and H. E Kent, J. Bid. Chen., 35, J17 (1918). 

* A. F. Hess and L. J. Unger, 1 but., 35, 487 (1918) 

* E. V. McCollum and M- Davis, 1 foil., 03 ,147 <1913). 

*K, V. McCollum, J. Am. lied. Alter.. 68, 1379 (1917). 

* 8. A. Cooper and C. Funk, Lancet, a, 1366 (1911). 

7 D. J. Davis. / Inftc. DU., 33, 248 f»9«8). 

» D. Lloyd, J. Part. Bad., n, i«3 (1916). 

* C. Shearer, Lanced, 1917, $9, 

*» A Seidell, U. S. PMk Health Report, 31,364 (1916). 

” E. A. Cooper, Biockem. /., 7,368 (1913)- 

>• A. Harden and S. S. Zflva, Biockem. J., »a, 93 (1918). 

>» R R. William*. J. Bid. Ckern., as, 437 (1916). 

14 W. B. Bottomky, Prx- Roy. Sec. (London), 88B, *37 (1914}; Q. Rosenheim, 
Bitch wm. J., It, 7 (t»i j). 

* O. Rosenheim, ibid., J., It, 7 (» 9 « 7 ). 

* O. Potto and W. Dennis, J. Biol. Ocm. »a, *39 (191a). 
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Thus, in the preseat state of our knowledge of the vitamines, we must 
recognize than by what they do and not by their constitution or physical 
and chemical properties. But since there is such a great variation in the 
properties of the vitamines as a class, there was hope that various treat¬ 
ments of the ScUrotinia vitamines would yield useful information. 

Adsorption in Alcohol and in Water.—Although, for the reasons given 
previously, the writer used an alcoholic medium for the adsorption by 
Lloyd's reagent of the vitamines listed in Table IV. others have used a 
water medium for isolating vitamineB. A series of separations was made 
from both media for comparative studies, by making an alcoholic (65%) 

Tabus V. 

6 j% Alcoholic Compared to Aqueous Media foe the Adsorption of Vi t s min e s by Fullera' 

Earth. 
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3 
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5 
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6 

6 
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4JS 
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5 
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4 
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4 
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5*5 
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Vltaasbe prepared bom fullers' earth b aqsmt residue 
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extract of the vitamine-containing material, shaking with fullers’ earth, 
then freeing the filtrate from alcohol by boiling, and using fullers’ earth 
again on the aqueous residue; or the fullers' earth was used directly on the 
aqueous extract of the original. Table V presents the results of the tests. 

It will be noticed in the first series that the reproductive factor is present 
only in the vitamine removed in an alcoholic medium, and in the residue 
left after all the treatments. In the second series practically all the re¬ 
productive factor is removed in the alcoholic medium, very little being 
in the aqueous separation or in the final residue. In the third series, the 
original autolyzed yeast is very rich in this factor; an aqueous treatment 
with Lloyd’s reagent removed but a small amount; and the residue from the 
latter was still rich in it, showing that the failure of the aqueous treatment 
was not due to a lack of the vitamine. In the fourth series, the reproduc¬ 
tive factor did not appear in any fraction in appreciable amounts, show¬ 
ing that there is nothing inherent in the alcoholic treatment to bring 
out this factor where it does not already exist. 

Reference to Table III brings out the fact that in most of the trials 
given there, the cultures containing vitamine preparations show far 
more reproduction than those containing additions of the fruit juices them¬ 
selves. All of these separations were made in a 65% alcoholic medium. 

The above tests suggest the existence of two vitamines, one of which is 
adsorbed by fullers’ earth more readily in alcohol, the other more readily 
in water. 

Adsorption by Gels.—The writer bad occasion to prepare two samples 
of pectin from peach and prune juice When tried on nutrient media, 
both preparations gave indications of rather strong adsorption of vitamine, 
although each had been dissolved in water and reprecipitated by alcohol 
3 times. Again, it has been found that Witte's peptone is heavily con 
laminated by vitamine. Attempts to remove it with Lloyd’s reagent in 
either alcoholic or aqueous extract have failed. Coagulated egg white also 
brings down considerable vitamine with it. No differentiating action, 
however, towards the two vitamines by the gels has been noticed. 

Resistance to Heat.—The marked resistance of the Sclerotima vitamine 
to boiling water and to boiling alcohol has been noted. In order to make 
a more careful determination of this, a sample of vitamine was prepared 
from prune juice without subjecting it to a temperature above 65° at 
any stage of the process. The prunes were soaked in cool water, macerated, 
the juke squeezed exit without heating, the pectins precipitated, Lloyd's 
reagent used in the alcoholic filtrate, the vitamine preparation freed from 
barium sulfate by centrifuging, and then concentrated »« cacao at 65*. 
This was then used for the temperature tests. The required amount of 
this vitamine for each culture was placed in a plugged test-tube and 
autoclaved for the indicated period at is pounds pressure. Flasks con- 
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taking the basal medium were sterilized separately, and then the auto- 
da ved vitamines added to them. Table VI gives the data. 

Tabus VI. 

Effect of High Temperatures on the Vitamines of Prune Julc*. 

Giowth cat J0 <Uyt> with varioun addition* 



Duration of autoclav- 

of vitamme to basal nutrient m 

Culture. 

tag «t 12 lbs pressure 



No. 

Mia. 

0 J cc 

2 «. 

354 

10 

3 5 

43 

355 

20 

3 5 

4-3 



- 

— 

356 

30 

1.5 

2 3 



- 

+* 

337 

40 

3 

3-3 



— 
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50 

1 5 

4 

359 

60 

t 5 

2 S 



— 

++ 

360 

70 

1 5 

2 S 



- 

+ 

361 

80 

2 

3-5 


There is considerable immunity to the long-continued heating, although 
the cultures at the lower end of the senes show somewhat less growth. 
There are also some slight indications that the reproductive factor is more 
abundant or active m the more strongly heated cultures. 

The effect of prolonged heating on the nutritive value of a peach was 
tried by autoclaving a soaked peach for one hour at 12 pounds pressure. 
On inoculation, the fungus grew fairly well, and sporulated to a certain 
extent; but neither function was normal on this material. Such a test 
is hardly comparable to the tests on the isolated vitamine, however, be¬ 
cause the high temperature decomposes the sugars with the formation of 
aldehydes, which are no doubt harmful to the fungus, and because most 
investigations have shown that the vitamines are less subject to injury 
while in the natural state than after isolation and purification. 

Dialysis.—Dialysis through collodion was next tried. As a prelim¬ 
inary, 25 cc. of peach juice was dialyzed against running tap water for 
Varying lengths of time. Table VII presents the results. The added 
vitamines represent equivalent amounts of the uudiaiyzed original in each 
case. 

The pectin of the juke evidently interferes with the dialysis through 
collodion, since there was still considerable vitamine left in Number aa$ 
after 40 hours against distilled water. When the separated vitamine, 
however, is dialyzed, as in the second series, it all patsies out of the dialyzing 
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bag during the first hour. This method apparently offers no means of 
differentiating between the two vitamines. 

Tabus VII. 

Kate of Dialysis of the Vitamines through Colloid ion Treatment. 


Culture 


Growth at 10 day* with various addition* 
Duration of of vitamine to bawl nutrient medium 
dia’vzinx - -----— — ■* 

No. 

Material 

Hours 3 cc 

12 cc 

22 $ 

Peach juice 

40 3 

5 

221 

Control, no vitamine added 0 8 

+— 

348 

Vitaminc 

03 cc 

Not dialysed 2 

2 cc, 

3 

349 

Vitamine 

1 1 

+- 

2 5 

350 

Vitamine 

3 08 

I 

33* 

Vitamine 

6 0.8 

0-5 

353 

Vitamine 

9 * 

0.6 


Effect of Drying.—During the summer of 1918 the writer collected a 
series of samples of plum fruits for proximate chemical analysis. Por¬ 
tions of each sample were pitted and then dried in an oven at 85-95° 
for 24 to 48 hours, no particular precautions as regards temperature send 
time being considered necessary for the purpose in mind The material 
was brittle, and could easily U- ground to a fine powder. These samples 
\ ieklcd a very active growth-promoting vitaminc, as witnessed by Number 
370, Table IV. Whether the apparent lack of the unproductive factor in 
this sample is common to the whole series has not been determined as yet. 

Fotin-Dennis Color Reagent.— The vitaminc preparations listed in 
Table IV were tested with the Folin Dennis phosphotungstic acid reagent 
for purines.' One ce. of the preparation, t cc of the reagent, 2 cc. of 
saturated soditun carbonate solution, and 6 cc. of water were used in each 
case, so that a rough indication of the comparative intensities of the re¬ 
action could be obtained. Positive reactions were given by all prepara¬ 
tions, Number 44;, from pan tv ea tin, was very weak, while Numbers 
32«, 362, 390 and 415 gave the strongest test Reference to Table IV 
shows that of these 4, the first 2, from pollen and fungous sporophore, 
arc very active towards ScUrotonut both for vegetation and for reproduction; 
while the latter two, from rice polish and from milk, are not very active 
towards Sderolttna, but are conventional sources of vitaminc B in animal 
feeding experiments. Although there is a possibility of these results in¬ 
dicating a lack of identity between the Sclerotinia vitaminc and the water- 
soluble B, too great weight cannot be attached to them, since with the 
method employed the color test is not quantitative, and since the number 
of examples of the above correlation are too few. 

1 0. Folk and W. Dennis, J, Biot. dm., 1a, 339 (19(2). 
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Comparative Value to ScUrotinia and to Saccharomyces.—In order to 
determine whether a preparation active towards the brown-rot fungus 
is also active towards yeast, and in the same proportion, 4 preparations 
were tested out by Mr. R. J. Williams, using bis method of judging the con¬ 
tent of water-soluble B in a solution by its ability to promote multiplica¬ 
tion in yeast . 1 Table VIII presents the results. The data for the Sclero- 
tinia growths represent equivalent amounts of the preparations, and hence 
are comparable among themselves. The same is true for the yeast. The 
comparison we wish to make is that these preparations which are the more 
active for vegetative growth in Sclerotinia, Numbers 106 and 334, are the 
weaker towards yeast; and the two which are the more active for reproduc¬ 
tion in Sclerotinia, Numbers 311 and 362, are also the more active to¬ 


wards yeast 

Tablk VIII. 

Comparative Value of the Vitamin* Preparations to Sclerotinia and to Yeast. 

Multiplication Growth of S((wo¬ 
of tingle yntst tfnfa at 10 day* 

Material. ceil la 18 hour* Cm 

Prune juke 106 (Tig. i ). 30 5.3 


Vitamine 334* plum (Tabic IV).. - I j 6 


Vitamins 331, pollen (Table IV). 60 

Vitamine 363. fungus sporophore (Table IV)... 300 


3 3 


3 

♦++♦ 


Relative Proportion of Vitamines to Other Nutrients. 

Since many plants have been shown to have their vegetative and re¬ 
productive phases more or less affected by tbe proportions of the elements 
in the nutrient medium, it was thought desirable to ascertain whether the 
activities of Sclerotinia vitamines would be modified by various proportions 
of the nutrient elements. A high carbohydrate to nitrogen ratio usually 
favors early reproduction, with scant vegetation, while a low ratio leads 
to vigorous vegetation and scant or delayed reproduction. 

The triangle method of Schreiner and Skinner’ for operating 3 van 
ables against each other was used in arranging the cultures. The 3 vari¬ 
ables chosen were the sugar, nitrogen, and vitamine contents of the medium 
The sugar was furnished by sucrose alone in those cultures given pre 
pared vitamines, and by sucrose and the sugars contained in the frui 
joke when the latter was used for vitamine. The nitrogen was fumishei 
mostly by asparagine, but partly by the contained nitrogen in the juice 
and in the vitamine preparation. In each case an analysis of tbe juic 
ft* sugar and for nitrogen, and of the vitamine preparations far nitroger 
was made and the calculated sucrose and asparagine added to bring th 

* R -1 WUttos, /. Biel. Cbm., 3* <6$ (tote). 

* O. Schreiner and J. Skbmer, Set#*. Goa. 90, t (1910). 
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totals to the desired figure. Fig. 6 indicates the constitution of the cul¬ 
tures in the various regions'of the triangle. Many series of this kind of 
culture wore run; some covered all the points of the triangle, others only 

SCJGAit 



Fig. 6. —Diagram ol nutrient media used to show the effect of varying the sugar, nitro¬ 
gen. and vitamin? content*. 

certain areas. Instead of presenting all the data thus collected. Figs. 7 
and 8 were constructed, representing a composite of all the cultures ob¬ 
served. The diagrams thus represent more or less ideal sets of cultures, 
although all the points on them have been verified several times. Fig. 
7 represents the behavior of cultures which are supplied only with the vege¬ 
tative vitamine factor; that is to say, so far as previous tests had shown, 
the preparations used did not show any indication of containing an ap¬ 
preciable amount of the reproductive factor. Fig. 8 represents the be¬ 
havior of cultures supplied with preparations that had promoted both 
growth and reproduction in previous tests. 

Considering Fig. 7 alone, first, the facts are brought out (1) that a 
moderate supply of all 3 factors, that is, near the center of the triangle, 
brings about maximum growth; (2) that vegetative growth is dependent 
more on the energy (sugar) supply than on the nitrogen, since point g, 
with the minimum of nitrogen, shows a larger growth than point a, with 
the minimum of sugar, and since the ana of maximum growth is eccentric, 
tying towards the region of low nitrogen; (3) that the vitamine factor is 
Intermediate in its influence, since vegetation is greater in area /, 1, j 
than area a, b, e, but less than in area d, g, k. 
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Fig. 7 . —The growth of Sricrotinia on the media indicated in Fig. 6 . when the uddt 
vitamins will promote only vegetation The dotted line endow* the area of gira 
est vegetation. 


3OOAfi. 



Vig. 8 —The growth of Sderotinia on the media indicated fa Fig, 6, when the e 
vitamme will promote berth vegetation and rtproductita. The dotted tine eoc 
the area of (tartest reproduction. 
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la Fig. 8, where the cultures show both vegetation and reproduction 
we see (i) that a moderate supply of all the factors—energy, nitrogen, 
and vitamine—brings both maximum vegetation and maximum repro¬ 
duction near the center of the diagram; (2) that the more highly sporulating 
cultures lay toward the areas of higher vitamine, higher nitrogen, and 
hence lower sugar, the actual area of greatest reproduction being eccentric, 
as was the area of greatest vegetation in Fig. 7, but lying opposite to the 
latter; (3) that hence reproduction is more dependent on nitrogen than 
on sugar, whereas for vegetation the reverse is true; (4) that the same re¬ 
lations concerning vegetation hold as in Fig. 7, except that the points 
c, e and / show a little smaller vegetation, due to the energy demand of 
reproduction. These points fall in the area of lesser sugar supply; points 

Table IX. 

Effect of Varying the Nitrogen and Phosphorus Contents of the Medium on the Ac¬ 
tivities of the Vitamines. 

35 Cc. of Basal Medium" used in Each Experiment. 

Conutltutioo of merit# Growth at 8 day* with 

- ------« vutchi additions <k vitamin*. 


Culture 

Ng 

Asparagine 

G 

Vi Cum me 

No Salt added. 

0 3 cc. 


2 cc. 

JOS 

O 05 

334 

3-5 


5.5 

5 «o 

0 02 

334 

3 


5 5 

JU 

0 05 

334 0.07V KHjPOi 

3 


3 

514 

0.05 

361 

a 

3-5 

}t6 

O 02 

362 

3 


3 

318 

O 05 

362 0 07 g, KH.PO, 

2 .5 


4 

+ ♦ + + 

510 

0.05 

3 tt 

2.5 


4 

++ 

Jt> 

O 02 

33 1 

3-3 


4 5 

534 

0 05 

311 0.07 g. KHjPO, 

5 5 


5*5 

+ 

336 

0.05 

0.3 cc. 334 + 0.3 CC. 33! 


a 


317 

0.05 

3 0 cc. 334 + 3 0 cc 331 


4 


338 

o.os 

a ooe. 334 4- 0.3 cc, 3jt 


5 


339 

0 05 

0.3 cc. 334 4- a 0 cc. 331 


4 5 



+ + 


* The basal medium contained salts (including phosphate) and sugar, tat 
no nitrogen. The indicated additions of asparagine, therefore, constitute the sole 
Murce of nitrogen; but the indicated additions of KHjPO, are ha addition to that already 
present, which » o-ooj g. per culture 
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w and d do also, but here the greater vitamine supply promotes greater 
utilization of the sugar. 

StiH further evidence was obtained that exaggerations in the proportions 
of nutrients can bring about only a quantitative and not a qualitative 
difference in the relative amount of vegetation and reproduction in 
Sclerotinia. Three preparations of vitamine were selected that showed 
very pronounced tendencies in the direction of their activities. Num¬ 
bers 3a r and 36a were very active in promoting reproduction, and Num¬ 
ber 334 had showed good growth-promoting powers, but no power for 
reproduction. The attempt was made to reverse these activities by suit¬ 
able proportions of nitrogen, phosphorus, and sugar in the inedium- 
Table IX gives the composition of the media and the results. It will 
be seen that each vitamine was tested in two different concentrations 
of asparagine, and then with high additional phosphate, Vitamine 334, 
which in all previous tests had shown only vegetative activity, could not 
induce reproduction with any change in the nitrogen and phosphorus 
supply that was tried. The other vitamine preparations, which had 
previously been shown to promote reproduction, could not be made to 
lose this activity by varying the nitrogen and phosphorus supply. When 
combinations of two preparations were tried, the reproductive factor was 
suppressed in all cases except in that in which the reproductive vitamine 
was in excess. 

Discussion. 

It has been conclusively demonstrated that Sderottnta cinerra cannot 
thrive on a medium that does not contain at least a certain proportion 
of the extract from some plant or animal material. These materials do 
not supply the previously leeognized nutrient factors, such as salts, 
nitrogen, and energy. The facts point to the existence in the plant and 
animal extracts of a substance similar in nature to the now well-recog¬ 
nized vitamine B of the higher animals. Further examination reveals 
the fact that this substance lias at least one characteristic in common 
with vitamine B: its adsorption by fullers' earth in an arid medium, and 
its release again in an alkaline medium. Furthermore, preparations 
from the conventional sources of vitamine B are found to be potent towards 
Scleroiinia. These coincidences point to the possible identity of the 
vitamine for the animals and the vitamine for the fungus. 

The tests shown in Table IV of the vitamine preparation from the leaves 
and buds of plants, seeds, seed sprouts, tuber sprouts, rice polish, sporo- 
phores and mycelia of fungi, the mycelium of Sclerotinia itself, pollen of 
maize, fruit juices, wort, autoiyzed yeast, milk, and pancreatin, show two 
outstanding features: One is that every material examined furnishes a 
substance which activates the growth of Sclerotinia. The other is that 
most of the materials enable only vegetative growth to take place, while 
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a few enable the fungus to sporulate as well. These results, together 
with the properties of the vitamine as described in the preceding pages, 
leads to the consideration of two distinct lines of evidence: one for the 
existence of two vitamines, and one for the existence of only one. 

The following points can be enumerated in favor of the two-vitamine 
hypothesis: (1) There is a considerable body of evidence to show that 
the reproductive factor is more readily adsorbed by fullers’ earth in an 
alcoholic medium, while the vegetative factor is more readily adsorbed in 
an aqueous medium. Materials demonstrated to give rise to both activi¬ 
ties, e. g., autolyzed yeast and peach decoction, will yield preparations 
stranger in the one activity or in the other, depending on the medium 
used in the preparation (Table V). (2) There is some evidence that pro¬ 
longed high temperatures destroy the vegetative factor more quickly 
than the reproductive (Table VI). (3) A vitamine preparation which, 
on the ordinary medium, induces only vegetative growth, cannot induce 
reproduction also by changes in the proportions of the nutrients, at least 
so far as the latter have been tried. And a preparation that exhibits 
both factors on the normal medium has not been made to lose the repro¬ 
ductive factor by changes in the medium, provided the latter will still 
allow fairly good vegetation to take place (Table IX, Figs. 7 and 8). 

From the standpoint of the presence of two vitamines, it is seen that, 
although growth can apparently take place with only the vegetative 
factor present, reproduction cannot take place unless both factors are 
present, since a certain amount of mycelium is necessary to support the 
reproductive tissue. This is clear from an inspection of Table IX, Cul¬ 
tures s 14-518; it is also shown in a large number of other cultures through¬ 
out the experiments, by the appearance of reproduction on the larger ad¬ 
ditions of vitamine more frequently than on the lower additions. The 
amounts of vegetation indicated in the two columns of Table IX do not 
differ greatly; but the greater additions of vitamine were necessary to 
support the heavy reproduction activities. The growths throughout 
the 0.3 oc. column are about the same, but the growths in the 2 ce. column 
are noticeably' smaller in the 3 middle cultures where the heavy reproduc¬ 
tion took place Although in both amounts of added vitamine the 2 fac¬ 
tors are in the same proportion, it is conceivable that the vegetative 
factor must build up a certain amount of mycelium, with presumably 
a certain storage of materials, before the reproductive factor can come 
into play. 1/ the latter factor is absent, vegetative growth will continue 
until some limiting (actor enters in—it may be nitrogen, sugar, its own 
vitamine, or even old age. If the reproductive factor is present, it con¬ 
stitutes a limiting factor on vegetation by making heavy demands on the 
mycelium for materials with which to build the spores. Cows 1 draws a 
! G. H. Coons, J. Ap. R*i. t 5, jij (1916). 
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vivid picture of the struggle that takes place in Pknodomts between the 
vegetative and the reproductive tendencies; he calls vegetation static, 
because it stores energy, and reproduction dynamic because it releases 
energy. Klebs always speaks of reproduction and vegetation as being 
opposed to each other. Coons, to his knowledge, was not speaking in 
terms of vitamines, nor was he dealing with them, but the phenomena in 
the two fungi are similar. There is just so much material, carbon, and 
nitrogen material in tire medium available for purposes of construction; 
whether this is converted into the one kind of tissue or the other in Sclero- 
tinia may depend upon the relative activities of the two vitamines in¬ 
volved. The ease with which one or the other vitamine can carry on 
its own activity depends to a certain extent on the total and relative sup¬ 
plies of nutrients, but the differences are quantitative and not qualitative. 

The above experiments furnish e\ idencc that the shuffling of the nitro¬ 
gen and sugar constituents of the medium will not of itself determine the 
occurrence or non-occurrence of reproduction in Sderotmia. Both vita- 
mine factors must be present if reproduction is to occur. However, 
there also must be a proper balance of the other constituents, or sporula- 
tion may not take place, probably because the mycelium must have a 
certain minimum storage of reserve food before it can support reproduc¬ 
tive tissue. 

On the other hand, certain of the above experiments and observations 
are more explainable on the hypothesis of a single vitamine. In the first 
place, since yeast growth is activated both by those preparations which 
promote only vegetation in SderoHnia and by those which promote both 
vegetation and reproduction, but is activated more by the latter than by 
the former, it appears as if a single vitamine were active in all the prepara¬ 
tions, although in different degrees. 

In the second place, the materials winch furnish the reproductive fac¬ 
tor in greatest abundance are pollen, fungus sporophores, yeast, peach 
juice, and the terminal buds of Pkaseolus multifloms (Table IV). With 
the exception of the fruit tissue, these are all tissues characterized by 
high metabolic activities. In the case of the pollen and of the fungra 
spores, they are capable of great independent growth; and the yeast 
when provided with proper nourishment, has the power of extremely rapic 
cell division and growth. Now, the one plmnomenon which is commoi 
to all living tissues and which varies in intensity according to what wi 
are wont to turn '‘high" or "low metabolic activity,” whether the tissui 
be secretory, growing, muscular, or what not, is respiration. All to 
materials examined for vitamine were, at one time at least, living nta 
terials; and as such must have exhibited respiration in greater or less dc 
gree. The tissues which must have been characterized by the greates 
respiratory activity, either actual or potential, are those which are foun 
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to contain the most vitamine—pollen, fungus spores, yeast, terminal buds. 
Osborne and Mendel 1 have found that liver, heart muscle, kidney, brain, 
and skeletal muscle contain vitamine B in decreasing quantities in the 
order named; and that the leaves of spinach, alfalfa, clover, cabbage, and 
timothy are fairly high in the vitamine. Voegtlin and Myers 1 recently 
showed that the embryos of the wheat and maize kernels contain all the 
vitamine, the endosperms containing none. Dutcher 1 found that the 
catalase content of the organs of pigeons fell very low during polyneuritis, 
but rose again very rapidly when vitamine was fed. 

All the above observations point to the conclusion that there is some 
direct relation between the respiratory activity of a tissue and its con¬ 
tent, and, probably, requirement also, of vitamine. 

With this in mind, we may think of Sc'erohma as having its life phases 
governed to a certain degree by the supply of vitamine at its disposal. 
With a meagre supply, \ egetation only will take place; with a more plenti¬ 
ful supply, reproduction as well will be [>ossible. Reproduction in this 
case is simply a modified vegetation. A vegetative hypha grows vertically 
from the mycelium, and is pinched off into a chain of spores containing 
a concentrated supply of reserve food. These spores are capable of great 
independent growth, that is, they contain sufficient reserve supply to en¬ 
able them to germinate in distilled water and produce liyphae which 
aggregate several hundred times the volume of the original spores. We 
can readily believe that to do this the spore must have considerable vita¬ 
mine stored within it. Hence the mother hypha must have had at its 
disposal abundant vitamine, and hence, also, the more abundant the vita¬ 
mine in a medium, other factors being suitable, the more abundant will 
be the sporulatirm. 

This hypothesis of a single vitamine leaves unexplained, of course, the 
failure to secure qualitative differences in the vegetation-reproduction 
ratio fry changes in the proportions of nutrients; and it fails to accord with 
the different degree of adsorbability on fullers' earth in alcoholic and in 
aqueous media. Nevertheless, in the light of all the facts available, both 
in these experiments and iu those of others, the idea of a single vitamine 
for normal metabolism in Sclerotinia is more plausible than that of two vita- 
mines. 

As regards the identity of this vitamine, the evidence so far is not very 
clear. It can probably be found in almost all plant and animal materials. 
Vitamine B. the only well-known vitamine that bears any similarity to 
the one in question, has been found in a great many plant and animal 

• T. B, Osborne and L, B. Mendel, J. Bid. Chem,, 94,17 (1918); 97,187 (191a). 

1 C, Voegtlin and C. N. Myers, J. P by rid,, 48, 504 {1919), 

* R. A. Dutcher, J. Bid. Ckem., 96, 6j (1918); R. A. Dutcher and F. A. Collate, 
ibid., aft, 947 (1918). 
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tissues, although in some of them, notably in polished rice and in the endo¬ 
sperm of wheat, it is in very small amounts, or even absent. This ap¬ 
parent universality of vitamine B and of the Sclerotima vitamine, their 
behavior towards fullers’ earth, and the fact that materials very high in 
the B factor (yeast, pollen, 1 barley malt) have also furnished some of the 
most active preparations for Sclerotima, argue for the identical nature 
of the two vitamines. It is on these bases that Williams believes that his 
yeast vitamine is also vitamine B. However, we cannot come to a definite 
conclusion at present concerning the identity of the vitamine for Sclerotinia- 
A much wider search for sources of the vitamines, and more effective 
separations of them, must first be made. 

The writer wishes to acknowledge at this place the helpful criticism 
and suggestions of Professor William Crocker, under whose direction 
the foregoing work was done. 

VL Summary. 

A review of the existing literature on vitamines reveals the probability 
of their universal occurrence in the organic world. Phenomena of vita- 
mine-like origin have been recorded for the mammals, the birds, the seed- 
plants, the fungi, and the bacteria. Many other phenomena of animal 
and plant life, especially of the parasitic fungi, not as yet connected with 
vitamines, lend themselves to a vitamine explanation. 

Sclerotima anerea, the brown rot fungus of peaches and plums, cannot 
grow on a medium made up of sucrose, salts, and asparagine. The addi¬ 
tion to this medium of small amounts of plant decoctions, especially of 
the fruits of plums and peaches, induces growth. The experiments in 
the foregoing paper show that the factor furnished by the plant decoction 
is not one of mineral, nitrogen, or energy requirements, but is of the nature 
of a vitamine. 

By means of adsorption onto fullers' earth, vitamine preparations were 
made from a large number of widely scattered sources, both plant and 
animal. All of these preparations were active in promoting growth in 
Sclerotinia. A few of them would promote reproduction as well. 

Experiments designed to show whether two separate vitamine factors 
are involved in these two phases, vegetation and reproduction, in the life 
history of Sclerotinia yielded some evidence favoring this view: (i) the 
reproductive element is adsorbed by fullers' earth more readily in an alco¬ 
holic, and the vegetative element more readily in an aqueous, medium: 
(2) some sources yield preparations which predominate in the vegeta¬ 
tive factor, others yield preparations that promote both activities; (3) 
preparations which promote only vegetation on a normal medium have 
aot been induced to promote reproduction by changes in the proportions 
of the nutrients in the medium; and preparations that, on normal media 
‘ R. A. Dutcher, J. Biot, Ckem., 36, 531 (1918). 
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promote both activities, have not been made to lose entirely the reproduc¬ 
tive element, thus indicating that the influence of the nutrients in affecting 
the ratio of vegetation to reproduction is quantitative and not qualita¬ 
tive. 

On the other hand, the hypothesis of the existence of but a single vita- 
mine for Sclerotinia is more plausible, according to much of the experi¬ 
mental evidence. It is very probable that reproduction in Sclerotinia is 
simply a different manifestation of the same activities as characterize 
vegetation. The single activity that is apparently most dependent on 
a vitamine supply is respiration. Respiration is common to all the ma¬ 
terials which have yielded the vitamine; and the degree of metabolic, and 
hence respiratory, activity in these materials is proportional to the ac¬ 
tivity of the vitamine prepared from them. Thus the evidence is accumu¬ 
lating in fuvor of the view that there is a close connection between respira¬ 
tion in a cell and its vitamine content, and also its vitamine requirement. 
Just which cells in the plant world can synthesize this vitamine is still 
an open question. The ScLrjtinui vitamine is possibly identical with the 
water-soluble B of the higher animals; and since the latter cannot synthe¬ 
size tliis vitamine, it becomes an important point to know which plant 
organs can. 

St I’Af'lj, MlWKtf'h’TA 


THE MECHANISM OF THE REACTION BETWEEN ETHYLENE 
AND SULFUR CHLORIDE. 1 

By J B. Conast, K. U. Haxtshorn and G. O Richardson. 

Htitivcd Dccernb«T >8. 

I. Introduction. 1 

When ethylene gas is led into rapidly agitated sulfur monochloride at a 
temperature of 40® to 60°, dichloro-ethylsulfide and sulfur are formed. 
Tliis may lie represented by the following equation; 

2CII* = CH. -f S,C 1 3 —> (CHjClCHt)tS + S. 

The following mechanisms of the reaction are possible: (1) the reaction 
may take place by the simultaneous action of two molecules of ethylene 
and one of sulfur monochloride; (2) one molecule of sulfur ruouochloride 
may react with one molecule of ethylene to give the intermediate com¬ 
pound CHtClCHrSjCl, which then may react further with ethylene 
to give dichloro-ethylsulCde and sulfur, or a disulfide, (CH*C 1 CH»)»S», 

1 Published by permission of lbe Director of the Chemical Warfare Service. 

* The work presented in this paper was incidental to an investigation of as im¬ 
portant war problem. As other matters were of greater moment, an exhaustive study 
of the mechanism of this reaction was impossible. It is believed, however, that the 
present incomplete results are of sufficient interest to warrant pu b l ic s t iop- An in¬ 
vestigation of the same general problem from a different angle is planned. 
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itnrjr tx formed which subsequently loses sulfur to yield the sulfide; {3) 
an intermediate compound, CHsClCHiSCI, and sulfur may be the first 
products Of the reaction; this intermediate may then unite with more 
ethylene. It is evident that if the speeds of the s successive reactions, 
suggested in (2) and (3), are equal throughout the reaction, the condi¬ 
tions will be experimentally those represented by (i), but if the speeds 
are different, an intermediate compound will lie present in varying amounts 
during the reaction. 

It has been possible to show by freezing-point determinations that the 
reaction does proceed in two stages, However, it has been found diffi¬ 
cult to obtain conclusive evidence as to the exact structure of the in¬ 
termediate product. A study of the reaction between sulfur dichloride 
and ethylene has thrown some light on this point. Further evidence 
has also been obtained from a studj- of the by-products of the sulfur 
monocbloride reaction. 

Sulfur dichloride combines rapidly with one molecule of ethylene and 
the product is apparently CH«CIC ff*SCl. This is an unstable sub¬ 
stance which combines further with ethylene producing some diddoro- 
ethylsulfide. It easily decomposes on warming, producing thick, black 
oils and hydrogen chloride This de< oinposition is accelerated by metals 
and metallic salts. If the reaction lietween ethylene and sulfur mono- 
chloride is stopped when about half completed, the product behaves in 
exactly the same manner. It also decomposes into hydrogen chloride 
and high boiling substances. It thus seems probable that the inter 
mediate compounds are the same iu the case of both sulfur dichloride and 
sulfur monochlonde. 

The intermediate substance CHjCICHjSCI reacts with sulfur on 
warming and produces some complex sulfur compounds as the sulfur 
disappears. An examination of the by products from the sulfur moao- 
chloride reaction has shown tliat they are polysulfides. The formation 
of these compounds we believe to be due to the interaction of the inter¬ 
mediate compound CHjCICHjSCI and the elementary sulfur. 

2 CHiC 1 CH*SC! +XS —+■ (CHjQCIfjljS, f S*Ci* 

An analogous reaction is reported as taking place when CCUSC 1 is heated 
with sulfur; C;Cl«Sa and QC-US5 are among the products.' 

Under certain conditions the final product of the monochlonde reac¬ 
tion is a clear, yellow, liquid containing no precipitated sulfur. Ail the 
sulfur set free in the reaction is held in colloidal solution. The sulfur 
slowly separates from this solution on standing or may be quickly thrown 
down by warming for a few hours at no°-i20°. The freezing point 0] 
the material is not changed by the precipitation 0} (Ac sulfur. This dearly 
shows that the sulfur is present in colloidal solution. The final products 

»Eason, Ber., JO, 2378 (1887). 
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of the reaction are thus, dicMoroethylsulfide, free sulfur (often in col¬ 
loidal solution) and 15 to 25% of complex polysulfides. 

In view of all these facts it seems that the reaction between sulfur mono¬ 
chloride and ethylene can be best represented by the following equa¬ 
tions: 

0) s,ci, s + sci, 

(2) C,ll4 + SCI, —► CHiClCHjSCi 

(3) C,H„ 4 - CH,CiCH,SCl —*• (CH,C 1 CH,),S 
and a side reaction 

(4) 2CH : C!CII,Sa h XS ■—v (CH,C 1 CH,),S, + S*CI,. 

If this mechanism is correct the ethylene reacts only with the small 
amount of sulfur dicliloride in equilibrium with the monochloride. 1 The 
sulfur dichloride is continually removed by Reaction 2 and this causes 
Reaction 1 to go to completion. As the concentration of the Interme¬ 
diate compound increases it begins to react more rapidly with ethylene, 
according to Equation 3. This reaction only becomes appreciable when 
about 30% of the total ethylene has been absorbed (Fig. 3). Towards the 
end of the process, however, 
tliis reaction predominates as 
the concentration of the in¬ 
termediate compound is now 
high and that of sulfur chlo¬ 
ride low. The concentration 
of dichloro-ethykulfide then 
increases rapidly until the re- £ 
action is complete. | i 

n. Proof that the Reaction J 
Proceeds in Two Stages. 0 
Freezing-Point Curve of Di- | 
chloro-ethylsulfide. j, 1 
Pure dichloro-ethvlsulfide ~ J 
freezes at 1,3.9 0 The pres¬ 
ence of impurities, of course, <a> 
lowers the freezing point. This 
depression is approximately 
equal for impurities of about 
the same molecular weight. 

Fig. T shows a curve plotted Temperature, degrees centigrade, 

from the results of experi Fig. j. 

1 There is some evidence to indicate that sulfur inooochloride it in equilibrium 
with the trichloride and sulfur. For example, the mouoehloride when carelufiy purified 
U light yellow but on warming becomes a bright red which is characteristic of dilute 
•olutiotu of the trichloride. 
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jaeuts on the freezing point of mixtures of dichloro-ethvlsulffde and carbon 
tetrachloride (m. w. « 154) and dichloro-ethylsulfide and trichloro-etbyl- 
sulfide (m. w. = 193). The points fall close together. 

The melting-point determinations were taken in the usual form of 
apparatus used for determining the molecular weight by the freezing- 
point method. A standardized tenth-degree thermometer was used. 
The freezing point was always determined as the solidified mass gradually 
wanned up and the thermometer was read when the last portion of the 
solid dichloro-ethylsulfide was in equilibrium with the liquid, fhere 
was very little difficulty in obtaining consistent results with samples 
which did not contain more than 2o‘,~o of impurity. 

Tire curve shown in Fig. 1 easily enables one to <letermuie the amount 
of any impurity in dichloro-ethylsulfide by determining the freezing 
point. The following table indicates the accuracy of the method. Sam¬ 
ples containing known weights of dicliloro cthvlsuifide and dichloro 
propylsulfide were made up and their freezing points determined The 
last two columns show the percentage composition as known from the 
weights of pure materials taken and as determined by the freezing point 

Tatoe t 



Freezing 

point 

0 c 

I Hchl or 0 
prupvUuMulc 
(mi purity' *'c 

f Hob two- propy 
fide determined 1 

Sample 

freezing point 

I .. . 

8 H 

«5 0 

»5-5 

2 

8 (> 

Tft 5 

t6 o 

3 

»* 5 

*+ 3 

JZ I 

4 

s 0 

;r> '» 

Jf> 4 


Analysis of the Reaction Mixture. 

The determination of the freezing point of dichloro-ethylsulfide fur¬ 
nished an easy method for studying the progress of the reaction between 
ethylene and sulfur monochloride. Samples were withdrawn from the 
reaction mixture from time to time and added in known amounts to pure 
dichloro-ethylsulfide. The freezing point of the resulting mixture was 
then determined, and from the curve the per cent, of foreign material in 
this mixture was determined. If this per cent, was the same as the per 
cent, of the reaction mixture added to the pure dichloro-ethylsulfide, then 
the reaction mixture contained no dichloro-ethylsulfide. If it was less, 
then the difference was obviously due to dichloro-ethylsulfide present in 
the reaction mixture. Thus, by a very simple calculation, it was possi¬ 
ble to determine how much dichloro-ethylsulfide had been formed in the 
reaction up to the time that the particular sample was taken. The weights 
of sample and pure dichloro-ethylsulfide were always taken so that a 
freezing point of from 5 0 to 9 0 was observed, In this range the maximum 
error in the determination of the percentage composition is about one 
part in 15, This means that the error in determining the composition 
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Crams of dicMoro-^tbylsulfide in ico g. of product 
Fig 2 


of the reaction mixture was of about the same order. The values given 
in the following table are, therefore, only accurate to about 10%. They, 
nevertheless, are en¬ 
tirely satisfactory in 
showing the progress of 
the reaction, and clearly 
shew that the reaction 
proceeds in 2 stages 
In Table II the re¬ 
sults of two different 
runs are shown In 
each run about 300 g. of 
sulfur monochtoride was 
used; the temperature 
was kept between 50 and 
fx>°. The first column 
gives the per cent of the 
total ethylene absorbed 
when the sample was 
taken; the second col¬ 
umn shows the number of grams of dicbloro-ethylsulfide in 100 g. of this 
reaction mixture, the third column gives the amount which would have 

l>een present if all the eth¬ 
ylene absorbed up to that 
point had formed the sul¬ 
fide; the fourth shows the 
relationship between the 
actual amounts of dichtoro- 
ethylsulfide and the 
amount corresponding to 
the ethylene absorbed. In¬ 
asmuch as the theoretical 
amount of ethylene is 
never absorbed and the 
amount of dichloro-ethyi- 
suifide in the final product 
is never 100%, the values 
in Col. j are some¬ 
what different from the 
amounts based on the sim¬ 
ple equation: 



Her com 


of ethylene absorbed which has formed 
dkbloro-etbvlsulftde 
Fig. 1 


aCjHe + S*C 1 * —*■ (CHtClCHtbS + S. 

The values in Col. 3 are plotted against those in Col. 1 in Fig. 1, 
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, 1 « f 

iMtoes in Col. 4 against the same variable in Fig. 3. The figures 
in Col. 4 obviously show what portion of the ethylene absorbed has 
produced dichloro-ethylsulfide. 



Tabcb rr. 



Total 

ethylene 

absorbed. 

% 

DIchioro-cthyl- DicbloroethylauJ- 

sulfide iu 10Q Bde to LOO 1 If til 

g of reaction C*H« had formed 

mixture. G the sulfide G. 

RelktfoQfthtp between 
actual dtoblero-ethy foul fid* 

and amount calculated 

from C*H* absorbed. %, 


Run I 



19.1 

0.0 

16 9 

0 0 

34.1 

9.6 

30 . 3 

3 2 ft 

TO.O 

58 .'. 

59 9 

97.8 

100.0 

82 3 

85.8 

95 9 


Run II. 



13 8 

0 0 

20 6 

O O 

, 3-0 

25 5 

39 1 

63 2 

67.25 

J 2 6 

38 4 

9<5 I 

87 S 

70 I 

76 0 

Q3 a 

100.0 

84 9 

86 9 

97.7 


It is evident from these results that even after 23 S' 7 , of the ethylene 
had been absorbed, there was no dichlora-cikylsuifide present in the reaction 
mixture. The curve shown in Fig. 3 is the most instructive, as it clearly 
shows the course of the reaction Between the start and about 30% 
absorption an intermediate compound is being formed entirely; when its 
concentration has become sufficiently high, it now Ivcgins to react with 
ethylene to produce dichloro-ethylsulfide. By the time that 60 or 70% 
absorption has been reached the 2 reactions arc proceeding .it very nearly 
the same rate since the concentration of the intermediate compound is 
now high and that of the sulfur chloride low. The result is that during 
the last part of the reaction the ethylene, as fast as it is absorbed, is con¬ 
verted into dichloro-ethylsulfide 

HI* Evidence from the Action of Sulfur Dichloride and Ethylene. 

Dichloro-ethylsulfide is formed in small amounts when ethylene is bubbled 
through sulfur dichloride at a low temperature. The main product is a more 
highly chlorinated sulfide formed by tire interaction of sulfur dichloride 
and dichloro-ethylsulfide. This side reaction can lie avoided by working 
with dilute solutions of sulfur dichloride in carbon tetrachloride and in 
this way a fairly pure product can be obtained, A study of the rate of 
absorption of ethylene by sulfur dichloride led to the belief that this re¬ 
action proceeded in two stages. The intermediate compound can be 
prepared in a fairly pure state by allowing cold sulfur dichloride to come 
quickly in contact with an excess of ethylene. 

The Intermediate Compound, 
bottle, fitted with a manometer and a dropping funnel, was 
filled with ethylene. About ro g. of sulfur dichloride (prepared accord- 
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icg to the method of Beckmann 1 ) was Introduced into the bottle which 
was then shaken in a large ice bath for a few moments. The reaction be¬ 
tween the dichloride and the gas was very rapid as noted by the change 
in the pressure. The amount of ethylene absorbed was a little less than 
one molecule for every 1 molecule of sulfur diehloride. The product was 
a light yellow liquid which on continued agitation slowly absorbed more 
ethylene. Several analyses of the liquid corresponded to the formula 
CHjCICHjSCI; the sulfur content averaged about 1 - }, too low, the 
chlorine content about 1% too high. This indicates the presence of a 
somewhat more highly chlorinated impurity. 

The intermediate compound was eery unstable. It slowly evolved 
hydrogen chloride even at 0° and when warmed to 50' this evolution 
became rapid. At this temjierature the compound was changed into a 
thick, black oil m the course of 3 or 4 hours Tim decomposition was 
greatly accelerated by the prepuce of metallic iron r>r a trace of anhy¬ 
drous ferric chtondc In the presence of these latalysts the decomposi¬ 
tion was very rapid even at 5 0 

The intermediate compound reacts with elementary sulfur if the two 
substances are warmed together for a short while. The sulfur appar¬ 
ently enters into the organic molecule as the product is completely solu¬ 
ble in 3 times its volume of carljon tetrachloride. The product is a black, 
thick oil which is probably a polysulfide since on oxidation with nitric 
add it yields sulfuric acid and some organic sulfonic add which was not 
identified. It closely resembles, in this respect, and in physical appear¬ 
ance, the polysulfides obtained as by-products in the monochloride re¬ 
action (see Mow). 

Comparison of the Intermediate Compound and the Reaction Mixture 
Obtained horn the Monochloride. 

Sulfur monochloride which Jtas alisorbed one molecule of ethylene 
behaves very much like the intermediate compound prepared from sul¬ 
fur dichloride and ethylene. On standing a few hours at room tem¬ 
perature this product rapidly gives off hydrogen chloride and passes into 
a thick, black oil. This decomposition is accelerated by the presence of 
iron and iron salts as is tire decomposition of the compound CHjCl 
CHjSCl. Because tlie incomplete reaction mixture from sulfur monochlo¬ 
ride always contains unchanged sulfur chloride and dichluro-etbylsulfide 
as well as an intermediate compound, no pure substance could be isolated 
for a more direct and convincing examination. 

IV, Side Products of the Monochloride Reaction. 

The amount of elementary' sulfur usually formed by the action of ethy¬ 
lene on sulfur monochloride is only about 50% of the amount corTcspond- 
* 2 . physik. Clum., 65, 389 (1909). 
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Jug to the dichloro-ethylsulfide actually obtained. The yield of the 
dkhloro-ethylsiilfide based on the monocbloride employed is only about 
80%, although the amount of ethylene absorbed corresponds to about 
95 % of that theoretically required. The sulfur monochloride and ethy¬ 
lene which do not form dichloro-etliylsulfide are combined together with 
the “missing sulfur” in the form of a non-volatile organic material. 

Non-Volatile Residue. 

This material, which is present to the extent of 15 to 25%, is left behind 
in the vacuum distillation of the crude dichloro-etliylsulfide. It is a thick, 
black tar which often contains some elementary sulfur The elementary 
sulfur can be readily separated by treating the material with carbon 
tetrachloride, filtering off the sulfur and evaporating the solvent. The 
organic material in the residue is soluble in carbon tetrachloride, benzene, 
chloroform and carbon disulfide; it is insoluble in ether, alcohol and water; 
da r 45 to 1.47. Since this black tar is completely soluble in the sol¬ 
vents just mentioned it must contain vtrv little if any elementary sulfur. 
Judging from the amounts of ethylene and sulfur monoctiioride which 
do sot appear as dtchloro-elh) hulfidc and the amount of sulfur unac¬ 
counted for, this material should contain 55 to 6oCI of sulfur and 20 to 
25% of chlorine; a sample actually analyzed gave the values S ■= 57%, 
Cl => 22%. While there is every reason to believe the material contains 
several substances (including probably some free cartxm and complex 
products formed at the temperature of distillation) it is nevertheless in¬ 
teresting to compare its composition with the formulas for various poly¬ 
sulfides. 


Formula: 

S. 51 

a. % 

(CHiCICHi)iS, 

■ 50 

28 

(CH.Cl-CH,)^ 

5*5 

25 

(CH-C.CH.hS, 


22 


It is evident that the mixture has the approximate composition 0/ the 
pentasulfide. It is shown below that it is probable that the material 
consists very largely of tliis substance. 

Oxidation of the Residue. 

Cold cone, nitric acid readily oxidizes the material to a water-soluble 
product. A small amount of sulfur is left unattacked—this pro babl y 
is the elementary sulfur which was present in solution in the material; 
it amounts to about 1%. An aqueous solution of the oxidation product 
contains sulfuric acid and an organic sulfonic acid containing 
The sulfuric acid was removed as insoluble barium sulfate and the barium 
salt of the organic acid obtained in 2 experiments corresponded to a con¬ 
tent of sulfur in the original material of 31 6 and 3a. j%. If the sub¬ 
stance were the pure pentasulfide and were oxidized accordin g to the fol- 
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lowing equation, the amount of sulfur oxidized to sulfuric add would be 
34 %: 

(CHjCl — CH,)A + [80 —► 2CH1CI — CHi — SO*H + 3 H*S 0 « 

The barium salt of the sulfonic acid could be recrystallized from alcohol. 
It contained carbon, sulfur and chlorine as well as barium. The identi¬ 
fication of this salt was not undertaken lieeause of the lack of time and 
material. It was probably the barium salt of CHjCICHjSOiH. The 
formation of sulfuric acid by the oxidation proves that the compound 
must contain a polysulfide linkage —S —S— and the formation of an or¬ 
ganic sulfonic acid shows the presence of the linkage —C—S—S. No 
sulfone or sulfoxide was obtained. The amount of sulfuric add formed 
indicates that the material is the jientasulfidc. 

It is interesting to note that Guthrie 1 investigated the action of ethylene 
on sulfur monochloride at 100 0 and obtained a thick oil, d. 1 346. This 
material he did not purify or identify carefully but assumed it to be 
CHjCICHtSSCHtCl (interpreting his formulas in modern terms). Spring 1 
repeated this experiment and oxidized the material to CHjCICHjSOjH 
which he identified. He gives no quantitative data as to the amount of 
acid formed by the oxidation. Undoubtedly both Guthrie and Spring 
were working with a mixture of polysulfides very similar if not identical 
with the material we are considering. The effect of a higher tempera¬ 
ture on the reaction between ethylene and sulfur chloride leads to black¬ 
ening and the formation of a large amount of the side products. 

Decomposition with Steam. 

If steam is passed through the polysulfides heated to somewhat above 
zoo 0 , a small amount of yellow oil gradually distils. The residue in the 
flask on cooling is a black, brittle mass, an analysis of it showed that it con¬ 
tained 62% of sulfui and o 2 91 of clilorine. This material is, unlike the 
parent substance, ouly partially soluble in carbon tetrachloride. On 
heating in a small tube, sulfur vapors are given off in large quantities, 
and sulfur deposits on the walls of the tube. The material evidently 
contains large amounts of elementary sulfur. 

The yellow oil can be distilled in vacuum, but with considerable de¬ 
composition. It has a boiling point corresponding to 170-210* at atmo¬ 
spheric pressure. It is evidently a decomposition product of the original 
material- The analysis of two portions follow: 

Low boiling fraction 170-180° at 760 mm. 

Calc, for disulfide' S. jj j; Cl, 37.2. Found: S, 34.0; Cl, 34.4. 

Higb boiling fraction 180-210° at 760 mm. 

Calc, for trijulfidr: S, 43.o; Cl, ji 8. Found: S. 40.7; Cl, 32.9. 

On oxidation with nitric arid it yielded sulfuric add and an organic snl- 
> nfi,234 (186©), 

* Bait. m. Mm., 48, 629 (1M7). 
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ttiaic acid containing chlorine. A quantitative oxidation of the higher 
boiling material gave an amount of barium sulfate corresponding to 12% 
of sulfur. If the material were the trisulfide the amount would be 14.4%. 
The amount of sulfur left in the black, brittle residue just spoken of cor¬ 
responds to 20% of the original material. If the formation of the oil 
followed the course of the following equation, the amount would be 22%: 

(CHjCl — C.H;)jSs —*• <CH*ei — CH,)*S, + 2S. 

Tt is thus certain that the oil is a polysulfide and is formed from the 
original polysulfide by the action of steam at a high temperature, ele¬ 
mentary sulfur being set free. It is probably largely the trisulfide. A 
similar transformation has been recorded with ethyl tetrasulfide. This 
compound, when treated with steam at a high temperature, is said to give 
ethyl trisulfide and free sulfur.’ The tetrasulfide when heated with free 
sulfur gives the pentasulfide. Apparently the organic polysulfides like 
the inorganic can take on or lose additional sulfur atoms quite readily. 

Probable Constitution of the Non-Volatile Material. 

All the experimental evidence given above shows clearly that the resi¬ 
due left after the vacuum distillation is a mixture of organic polysulfides, 
probably consisting largely of (CII»C 1 — CH.)jS». An additional piece 
of evidence is found in the fact that on chlorination sulfur chloride and 
hexachloro-ethane are formed. The following considerations show that 
this organic material is actually present in the crude product and is not 
formed during the distillation. The best crude dichloro-ethy Isulfn 1 c ob¬ 
tained by the sulfur-monochloride process has a melting point correspond¬ 
ing to the presence of 10% of an impurity of a molecular weight of about 
150. (The polysulfides having a much higher molecular weight would 
be present in larger amounts for a given melting point.) The melting 
point of the material is changed only a few tenths of a degree by heating 
the substance several hours at 120°. This shows that very little reaction 
takes place at this temperature. The residue from tire vacuum distilla¬ 
tion when mixed with dichloro-ethylsulfide, in the proportion in which it is 
obtained, lowers the freezing point to that of the original crude material. 
It is evident that very little if any change has taken place in the non¬ 
volatile impurity during the distillation. This evidence does not, how¬ 
ever, rale out such a change as might take place between the polysulfides 
and elementary sulfur which is present to a certain extent in solution, in 
suspension and in “colloidal solution." The tetrasulfide might, during 
the vacuum distillation, take up anotlier atom of sulfur forming the penta¬ 
sulfide. This change since it docs not involve the dichloro-ethylsulfide 
and only changes the molecular weight of the impurity about 10% would 
not be detected by the freezing-point methods just discussed. 

1 J. prokt. Cbm., [j] 15, 214 (1877). 
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Summary. 

1. The reaction between sulfur monochloride and ethylene proceeds 
in two stages. The course of this reaction has been followed by a method 
of analysis based on freezing-point determinations. 

2. It is probable that the intermediate compound is CHtCICHjSCl. 
A similar intermediate product has been obtained in impure condition 
by the action of sulfur dichloride on ethylene. 

3. 15 to 2 o7o <‘t non-volatile side products are always formed in the 
monochloridc reaction. These side products are organic polysulfides. 

I>. C 


[CorrrsnnmciN from the Division of Aoriccctceal Biochemistry, Minnesota 
A cRicci.TtTRAL Experiment Static..J 

THE GOLD NUMBERS OF PROTALBINIC AND LTSALBINIC 

ACIDS. 1 

By Ross Aikf.v Cortnes 

Rettlvtd Dfceiakr 1919 

In 1902 Pual 1 prepared 2 substances by the action of sodium hydroxide 
upon egg albumin which he regarded as definite compounds. To these 
substances he gave the names of ''protalbinic” and "lysalbinic" adds. 
These preparations exert a strong protective or stabilising action when 
added to suspcnviid sols. From the statements which occur in the text¬ 
books one would assume the protective action of these materials to be of 
the highest order. Thus Freundlich* states "Peptone solutions are so 
slightly colloidal that they have no protective action whatever On 
the other hand, protalbinic and lysalbinic acids possess unusual ability 
to hold the most varied kinds of finely divided materials in colloidal solu¬ 
tion." Taylor* states, "Paai's protalbic acid and lysalbic add are ex¬ 
tremely active protectors," and Bccbhold* concludes that ‘‘Peptones 
have no protective action at all whereas some of the albumoscs, especially 
sodium lysalbtnai* and sodium proiaibinale have a very powerful protective 
action.” 

In view of these statements it appeared to be rather surprising that no 
exact measure of their value as protective colloids appeared in the litcra- 

> Presented before the Division of Biological Chemistry at the Cleveland meeting 
of the American Chemical Society, Sept. 9-14. 1918. Published with the approval of 
the Director as Paper No. 189, Journal Series, Minnesota Agricultural Experiment 
Station. 

•C, PaaJ, Btr.. 35, *195-2206 (1902). 

* Freandlkh, H. '*Kspahuxbemle t '‘ Leipzig, 1909, p 451. 

* W. W. Taylor, “The Chemistry of Coiloida,” Longmans, Green ft Co., N. Y-. 
1915* P- *ja 

* H. Btcbhold, " Colloid* in Biology and Medione,” translated by J. G, M. BuHowa. 
Vaa Nostrand Co., N. Y„ 2010. o *a 
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tare with the exception of a statement by Zsigmondy 1 that the sodium 
halt of protalbinic acid had a gold number of 0.03-0.08 and that of lysal- 
binic acid 0.02-0 06. The gold numbers of various other protective 
colloids are given in almost all of the colloid texts. From the state¬ 
ments noted, one would infer that protalbinic and lysalbinic acids ex¬ 
ceeded all of the usually available materials in their protective value. 

Inasmuch as we possessed a quantity of highly purified protalbinic and 
lysalbinic adds prepared for another purpose, it was thought advisable 
to make a careful determination of their relative value as protective 
colloids, utilizing as a measure the gold number of Zsigmondy. 1 The 
preparation of our protalbinic and lysalbinic adds has already been de¬ 
scribed.’ In determining the gold number, a weighed amount of the 
“add” was brought into solution in water by the cautious addition of 
0.0714 N sodium hydroxide solution, taking care that no more alkali 
was added than was required to effect complete solution. Only a very 
small quantity of alkali was needed to peptize the preparations, so that 
the gold numbers which I obtained are not necessarily comparable with 
those which Zsigmondy found for the sodium salts of the acid, but arc more 
nearly a measure of the protective value of the organic radical The pres¬ 
ence of additional alkali would undoubtedly alter the gold numbers which 
I obtained, due to the well known stabilizing effect of the hydroxyl ion. 
After making up to definite volume, this solution, or a dilution marie from 
it, was used at once in the tests. The gold number determination, in¬ 
cluding the preparation of the red gold sol, was carried out exactly as 
described by Schulz and Zsigmondy.* In order to check the values ob¬ 
tained with those of other workers, the gold numbers of a number of other 
materials were likewise determined. The values obtained are shown in 
Table I. The values given by Zsigmondy* are also included. 

It will be noted that in the cases of gelatin, egg albumen and gum 
arabic, my values are in good agreement with those of other workers. 
The sample of sodium oleate which I used had been in stock for a long 
time and has a somewhat rancid odor, which may explain my high values. 
At any rate, it would appear as if my values were reliable for the materials 

1 R Zsigmondy, "The Chemistry of Colloids," translated by E B Spear. Wiley 
and Sons, N. Y , 1917, p 21a This statement of Zsigmondy was not known to me 
until long alter my work was completed The figures are not given in bis tables of 
comparative gold numbers nor is the reference indexed so a* to be readily found 

* H Zsigmondy, Z anal Ckem , 40, 697-719 (1901) 

•C. Kennedy and ft, A. Gortner, "The Nitrogen Distribution in Protalbinic and 
Lysalbmic Acids,” This Jou*kal, 39, 2734-3736 (1917) 

* JFr N Schulz and ft. Zsigmondy. Bear. Ckem Pkynol Pathol, 3, 137-160 
( , 9 ° 3 ). 

* R. Zsigmondy and E B Spear, “The Chemistry of Colloids, ' Wiley and Sons, 
N. Y„ 1917, p 107. 
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Table I. 

Gold Number* of Various Htnulsoid Colloids. 


Substance 

Dextrin (British gum) 

Soluble starch. 

Sodium oleate. 

Egg albumen.. . 

Gum arable. 

Protalbinic add.. . 

Lysalbinic add. 

Gelatin. 


Gold number 

Gcrtner Ziistnondy 4 


125-150 

10-15 

2-4 

o 08-0 to 
0.10-0 125 
0.15-0 20 
0.10-0.125 
O.OOJ-O 0125 


o 4-1.0 

o 15-0 25 (Taylor*) 
o 15-0 25 

o 03-0 08 (sodium salt) 
o 02-0 06 (sodium salt) 

o 005-0 OlO 


* R. Zsigmondy and E. B. Spear, tec. tit. 
‘ Taylor, Lac tit. 


under investigation, and that be the case, we must conclude that the 
protective action of Pool's protalbinic and lysalbinic acids, as measured 
by the gold number, has been muck over-rated, inasmuch as their gold number 
is only approximately equal to that of gum arahic and only about ’/m that of 
gelatin. 

St Patti.. Mt» 


[CowTKimmoN prom ths Essential Oils Laboratory. Drug Division. Bureau 
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THE CONSTITUTION OF CAPSAICIN, THE PUNGENT PRIN¬ 
CIPLE OF CAPSICUM, n. 

By E K. Nelson 

December 31, 1910 

Since the appearance of the author's first communication 1 on this sub¬ 
ject, Lap worth and Roylc 5 have published the results of their work on 
capsaicin. These investigators are not fully disposed to accept the auth¬ 
or's view of the constitution of capsaicin as final, on the ground that “his 
(Nelson's) conception of capsaicin as an add amide is not easily rcewi 
died with the somewhat ready reduction of a part of ca p saici n to am¬ 
monia and an aliphatic alcohol boiling at about 316-217°; ita distinctly, 
basic character and the great stability of the substance toward alkalies 
arc also somewhat difficult to understand.*’ They surmize that '‘under 
the energetic conditions used by Nelson internal oxidation or molecular 
rearrangement would not be surprizing.'' 

Proof of the structure of capsaicin is now given by its generation from 
synthetic vanillyl amine and the decenoic acid previously isolated from 
capsaicin. The complete synthesis is impossible, of course, until we 
know the exact structure of the decenoic acid entering into the mole¬ 
cule. In view of the great number of possible isomers and the difficulty 
1 Tins Journal, 41, mj (1919). 

» J. Cion Sot. Trout.. n«- • -' 
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of locating the double bond in a substance of which only limited quan¬ 
tities are available, the structu re of this decenoic add must remain at 
present undetermined. 

Regeneration of Capsaicin. 

5 i g of decenoic acid (from capsaicin) was converted into the add 
chloride by means of phosphorus trichloride and the add chloride added 
gradually to a suspension of 9.2 g. of vanillyl amine in dry ether. 5.5 
g. of a crystalline, very pungent substance was obtained, which reerys- 
tallized from a mixture of petroleum t ther with io?J, of ether, melted at 
65°, and, mixed with capsaicin, showed no depression in melting point. 
An optical-crystallographic examination by Dr. E. T. Wherry, of this 
bureau, also showed it to be identical with capsaicin. 

Calc for CuHnNOs C, 708; H, 8 8. Found- C, 705; If. 9° 

Capsaicin must, therefore, be a vanillyl decenoyl amide. 

Vanillyl octoyl amide 1 was boiled for 2 hours with a 50% solution of 
sodium hydroxide and recovered unchanged. It is somewhat soluble in 
cone, hydrochloric acid and is precipitated unchanged on the addition 
of water. 

Free vanillyl amine is quite unstable, ammonia being easily liberated 
from it by boiling with water or solutions of alkali carbonates. There¬ 
fore, in an alkaline reduction process, such as the boiling with sodium in 
ethyl alcohol performed by Lapworth and Royle, any decomposition of 
the capsaicin taking place would probably result in the liberation of 
ammonia. 

Decenoic Acid. 

Attempts to oxidize the decenoic acid from capsaicin by means of 
chromic add mixture indicated that several adds may be formed. Owing 
to the small amount of add used, no very definite results were obtained. 

Fusion with potash splits decenoic add into acetic add and an octoic 
add. However, this affords no proof of the location of the double bond, 
as it is well known that potash fusion may cause a displacement of the 
double bond in unsaturated adds. Acetic add was identified through 
its silver salt and the formation of ethyl acetate. The octoic add ob¬ 
tained has an odor like that of caprylic add, but differs from the latter 
in that it remains liquid when cooled in an ice and salt mixture, and boils 
at about 240-245Its silver salt was prepared and found to be diffi¬ 
cultly soluble in water. 

Calc for CtH u O»Ag. A*, 43.0; C, j8 a; H, 6.0 Found: A*, 4* 6: C. 3*6; H. j.8. 

Summary. 

Confirmation of the structure of capsaicin has been obtained by its 
regeneration from vanillyl amine and tire decenoic add isolated from 
capsaicin. Synthetic vanillyl octoyl amide was found to resemble cap- 
1 Nelson, Tars Joiulnal, u. ami lOlfi'i 
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sakin closely in its stability toward boiling cone, sodium hydroxide solu¬ 
tion and in its solubility in cone, hydrochloric acid. 

The deeenoic acid isolated from capsaicin, on fusion with potassium 
hydroxide, breaks down into acetic acid and an oetoic acid with a branched 
chain. 

W&AtHMGiTClf, D. C. 

(Contribution from the Chemical Laboratory of the University or Illinois.! 

THE USE OF OXALYL CHLORIDE AND BROMIDE FOR PRO¬ 
DUCING ACID CHLORIDES, ACID BROMIDES OR 
ACID ANHYDRIDES, III. 

By Rqglr Adams and L. H. Ulich 

Received January 8, 1920. 

It has already been pointed out in previous communications that 
oxalyl chloride in the presence of pyridine' is a valuable reagent for the 
identification of phenols and that its action with aromatic acids 1 offers 
a simple method for the preparation of the corresponding anhydrides. 
This paper contains an extension of the work with oxalyl chloride. The 
reactions of this substance with various aliphatic and aromatic acids as 
well as with the sodium salts of such acids are described. Either add 
anhydrides or acid chlorides may be obtained, depending upon the condi¬ 
tions and proportions of materials used. Aliphatic and aromatic add 
anhydrides and oxalyl chloride give the corresponding acid chlorides. 
The mechanism of these various reactions is explained. It has been shown 
also that oxalyl chloride may be used for producing certain inorganic 
add chlorides from the corresponding oxides, and for causing the Beck¬ 
mann rearrangement of various ketoximes. Oxalyl bromide may be em¬ 
ployed in the same way as oxalyl chloride and yields with adds or their 
salts either acid anhydrides or acid bromides. Phosphorus pentabro- 
tnide and organic acids or phosphorus pentabromide and the salts of 
organic adds yield add bromides. 

If aromatic or aliphatic adds are warmed with 3.5 moles of oxalyl 
chloride, these acids are converted quickly and practically quantitatively 
into the corresponding acid chlorides. The reaction may even be carried 
out in the presence of benzene as a solvent and very' successful results 
obtained. Various types of adds were chosen for experimentation. 
The following give excellent yields of add chloride: benzoic, pbromo- 
benzoic, e-brouiobenzoie, K-valeric, lauric, pbenylacetic, hydrocinnamic 
and salicylic adds. p-Uydmxybcnzoic add does not give an add chloride 
but instead a complex condensation product. Certain nitro derivatives 
of benzoic acid react very peculiarly with oxalyl chloride; thus w-nitro- 
’ Tut# Journal, 37, *716 (19's)- 
»/«*., 40.4*4 
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benzoic, p-nitrobenzoic, 3,5-dinitrobenzoic, 2,4,6-trinitrobenzojc adds 
when treated as described above, ail give the corresponding double an¬ 
hydride of 2 moles of aromatic add and one mole of oxalic add. Even 
on refluxing for several hours with excess of oxalyl chloride, no decom¬ 
position of these double anhydrides takes place. 

Instead of using the organic acid and excess of oxalyl chloride to pro¬ 
duce acid chlorides, it is also possible to use the sodium salts of the organic 
acids and oxalyl chloride. When one mole of the sodium salt of the 
organic acid is added gradually to 1-1.5 moles of oxalyl chloride in ben¬ 
zene, the reaction runs smoothly with the production of sodium chloride 
and the organic acid chloride. In this way, benzoyl chloride and its o- 
and p-chloro-, o- and p-bromo , p-methoxy-. m- and p-nitro , 3,5-dinitro- 
derivatives were formed as well as phenylacetvl chloride and einnamyt 
chloride. The method is even more general than the one just described 
where the free organic acid is used; moreover, it is usually the method to 
be preferred as a smaller excess of oxalyl chloride may t>e used to get the 
maximum yields. This is due partly to the fact that less gas is evolved 
in the reaction so that less oxalyl chloride is last by volatilization. The 
yields and the purity of the products are high. It is particularly notice¬ 
able that certain nitro derivatives of Ix-nzoic acid, which react with oxalyl 
chloride under the conditions descrilied alove to give double anhydrides, 
when allowed to react in the form of their sodium salts give exclusively 
acid chlorides. 

Acid chlorides are also readily former! by the action of oxalyl chloride 
on acid anhydrides. This reaction is a smooth one and very good yields 
are obtained. In order to test out the scope of the reaction, the follow¬ 
ing anhydrides were converted into the corresponding acid chlorides: 
acetic, monochloroacetic, benzoic, w-nitrobcnzoic, 3,5-dinitrobenzoic 
anhydrides. This reaction may be carried out merely by mixing oxalyl 
chloride with the acid anhydride alone or in the presence of benzene as 
a solvent and refluxing for a few hours. It is significant here that the 
anhydrides of the nitro derivatives of benzoic acid with oxalyl chloride 
readily change into the corresponding acid chlorides, whereas the double 
anhydrides of these same acids and oxalic acid art perfectly stable in the 
presence of oxalyl chloride. 

A description of the preparation of aromatic acid anhydrides* by the 
action of one mole of oxalyl chloride upon 2 moles of organic acid in ben¬ 
zene as a solvent has already been published. 1 The reaction apparently 
is general for this class of adds and the yields are very good. Again, 
certain nitro derivatives of benzoic add act somewhat peculiarly, giving 
double anhydrides of oxalic acid which when melted decompose to give 
* This Jooxnal, 40, w (1918). 
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the simple anhydrides. In this communication, the same procedure 
has been applied to the preparation of aliphatic acid anhydrides. In 
no case, however, are the yields so high as in the aromatic series. In 
most cases, certain amounts of unchanged acid and some acid chloride 
axe obtained as by-products. The difference in yields of anhydrides 
with the aliphatic acids may probably be explained by the fact that the 
aliphatic acid anhydrides are easily converted into acid chlorides with 
oxalyl chloride whereas the aromatic acid anhydrides are less easily con¬ 
verted. The acids investigated were >i-butyric, phenylacetic and cin¬ 
namic. The yields of acid anhydrides from aliphatic acids if no fienzene 
is used as a solvent, are about the same as when a solvent is used 
Acid anhydrides may also lie formed by the addition of one mole of 
oxalyl chloride to 2 or more moles of the sodium salt of the organic acids 
suspended in benzene. Under these conditions good yields of the aro¬ 
matic acid anhydrides are obtained and in the aliphatic series, the yields 
are only slightly lower, the by-product of acid chloride being small For 
the preparation of aliphatic acid anhydrides, the use of the sodium salts 
of the acids thus gives more satisfactory results than the free acids. The 
acids chosen for study were henzoie, w-nitrobenzme, f-nilrobenzoic, 
o-ohlorobenzok, lauric, nionochloroacctic, u-valeric and n-butyric. The 
most noticeable difference in the formation of the anhydrides from the 
sodium salts of the acids and from the free acids by the action of oxalyl 
chloride is in certain uitro derivatives of benzoic acid. These in the form 
of their sodium salts give simple anhydrides directly while as free acids, 
double anhydrides are produced. 

The mechanism of the formation of these acid chlorides and acid an¬ 
hydrides from oxalyl chloride and aliphatic and aromatic acids is cleared 
up by a consideration of the above reactions. There is no question but 
that the first step is the formation of a double anhydride, the second a 
decomposition of the double anhydride into a simple anhydride, and 
third, the conversion of the simple anhydride into the corresponding 
acid chloride as follows: 

RCOOH + (COC 1 ), —*• (RCOOCOh + JHCI <i> 
(RCOOCO), —> (RCO)sO + CO, + CO (2) 

(RCO)jO 4 - (COCO, —► 2RCOCI -f CO, + CO (3) 
By the isolation of the intermediate double anhydrides in many cases 
it lias been shown that the arid anhydrides form through these com¬ 
pounds. It was a question, however, whether the acid chlorides as pro¬ 
duced from the acid and excess of oxalyl chloride actually form directly 
or through the acid anhydrides which are secondary products from the 
double anhydrides. This is clarified by the fact that the acids which form 
stable double anhydrides do not give acid chlorwt.* —***• --- 
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chloride but instead give double anhydrides. The acid chlorides cer¬ 
tainly have an opportunity to form directly in these reactions since the 
acid dissolves in the excess of oxalyl chloride and the double anhydride 
does not begin to separate for some time after refluxing has started. The 
results signify that in certain cases the double anhydrides arc so stable 
that they separate out without breaking down into the simple anhydride 
which would in turn yield the acid chloride. If any of the simple anhy¬ 
drides, and especially to be noticed are the nitrobenzoic anhydrides, arc 
treated with oxalyl chloride there is no difliculty in converting them 
practically quantitatively into the corresponding acid chlorides. The 
ease with which anhydrides form acid chlorides undoubtedly accounts 
* for the presence of some acid chloride with the anhydrides, especially in 
the aliphatic scries when 2 moles of acid are treated with one mole of 
oxalyl chloride. 

Under ordinary conditions, it would be assumed that the mechanism 
of the formation of acid chlorides and acid anhydrides from the salts 
of the organic acids would be exactly analogous to the formation of the 
same compounds from the free organic acid. This probably is the ease. 
Never theless, it is possible that the acid chlorides and anhydrides when 
formed from the sodium salts of the acids and oxalyl chlorides are not 
produced through the double anhydrides. 

RCOONa + (COCI). —► RCOC 1 +CO + CO, + NaCI 
2 RCOONa + (COCI/, —► (RC 0}»0 T CO 4 CO, 4 aNaCI 
This assumption is made because of the fact that the sodium salts of cer¬ 
tain nitro derivatives of the aromatic acids do not yield the double an¬ 
hydrides when treated with oxalyl chloride but either acid chlorides or 
add anhydrides, whereas the corresponding free acids invariably yield 
under any conditions die double auhydiidcs. It is difficult to explain 
why the salts of the acids and free acids act differently. 

Since oxalyl chloride reacts so readily with organic acid , and acid an¬ 
hydrides, an attempt was made to prepare certain inorganic arid chlorides 
by the action of oxalyl ciiloride on the corresponding oxide. Two were 
chosen for study, arsenious oxide and chromium tnoxide. In both cases, 
refluxing with a slight excess of oxalyl chloride causes a conversion of the 
oxides into arsenic chloride and chromyl chloride, respectively. 

AsA 4- 3(COCl) s « 2AsCl, + 3CO, -f- 3CO 
CrO, + (COCI), - CrOA, -f CO, 4 CO 

It is probable that this reaction could be extended to other oxides of tl»c 
same sort. 

Of the various reagents which may be used for the production of the 
Beckmann rearrangement in ketoximes, acid chlorides are by far the 
commonest. An attempt was made to use oxalyl ohtnr ir fr for this aarat 
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purpose. The results show that it is aa excellent reagent for this pur¬ 
pose and causes very rapid and quantitative rearrangement of benzophe- 
none oxime, phenylanisyl ketoxitne and phenyltolyl ketosdme into the 
corresponding add amides. 

Oxalyl bromide may be formed by the action of hydrobromic add 
upon oxalyl chloride. 1 This substance is extremely reactive and acts in an 
analogous manner to oxalyl chloride as shown by experiment. When 
a moles of an organic add are treated in benzene with one mole of oxalyl 
bromide, add anhydrides are produced; thus benzoic, c- and p chloro- and 
p-bromobenzoic adds were converted into their anhydrides The yields 
are good and the constants check with those obtained by the action of 
oxalyl chloride on the aromatic adds. The use of oxalyl bromide in this 
reaction, however, is of theoretical interest only since oxalyl bromide is 
formed from oxalyl chloride which is just as satisfactory for the prepara¬ 
tion of add anhydrides. 

To show that add bromides can be produced directly from oxalyl 
bromide and an organic acid, n-butyric acid was converted to butyryl 
bromide. The sodium salts of adds are also converted to add bromides 
by means of oxalyl bromide, thus the sodium salts of benzoic acid and 
its o-, m- and f-chloro, o- and p-brovno, p-iodo-, <?-, m- and p-methyl-, 
p-methoxy-, rn- and p-nitro-, 3,5-dinitro derivatives as well as cinnamic 
and phenylacelic adds were converted to add bromides. This particular 
method was extended to the large number of adds described above be¬ 
cause it was noted in the literature that no aromatic add bromides with 
the exception of benzoyl bromide had been described. These com¬ 
pounds could undoubtedly be produced by the action of oxalyl bromide 
directly on the organic add, but since the reaction between the sodium 
salts of the adds and oxalyl bromide runs so smoothly and such a small 
excess of the oxalyl bromide is required, this method was adopted for their 
preparation. 

Since the aromatic acid bromides have never been prepared up to the 
present time, it seemed desirable to determine whether the standard 
methods for the preparation of acid halides could be applied to these sub¬ 
stances. Consequently the reaction between phosphorus pentabromhk 
and certain aromatic adds and between phosphorus pentabromide and 
the sodium salts of certain adds was carried out. In every case add 
bromides are obtained although not in such good yields or in such pure 
form as by the use of oxalyl bromide. The results indicate, nevertheless, that 
these general methods are applicable to the preparation of add bromides. 

Experimental. 

Action of Oxalyl Chloride on Organic Adds—Preparation of Add 
Chlorides.—The general procedure by which acid chlorides are pro- 
1 B*r., 40i 1 All hunt 
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daccd from acids by means of oxalyl chloride is as follows: In a round- 
bottom flask, the neck of which is ground to fit the bottom of a reflux 
condenser, is placed one mole of the organic arid and a to a. 5 moles of 
oxalyl chloride. In some cases, an evolution of gas starts immediately, 
indicating that the reaction is taking place; in other cases slight warming 
Is necessary before gases are evolved After once starting, the reaction 
proceeds spontaneously for 15-20 min or sometimes even longer. After 
this period of time a small flame is again applied and the mixture refluxed 
for about 2 hours. The reaction mixture is then distilled under atmo¬ 
spheric pressure till the excess of oxalyl chloride is collected and then 
generally under diminished pressure (preferably in a flask such as is de¬ 
scribed by Noyes' without the separatory funnel attached, however) to 
obtain the acid chloride. By this method the series of acid chlorides 
which are given in the table below were produced 


Acid 

ttt of 
act<! 

Wt of 
oxalyl 
chloridr 

Wt of 
Kcui 
rhlonde 

Yrelrt 

il p or m p of 
acid chloride* 

Mut 

1>CS Prewar* 

s-Valenc 

-’5 

77 

28 

95 

107-1 TO 

756 

Hydrocumamic 

35 

60 

38 

98 

116 

IS 

Benzoic 

2 

60 

28 

98 


20 

0 Bromobenzoic 

25 

4 ° 


93 

125 

20 

p- Bromobenzoic 

in 


10 

94 

l8l 2 

12^ (m p 42* 

Laurie 

as 

40 

27 

99 


20 

Salicylic 

JS 

28 

16 H 

9 « 



Monochloroacetic 

25 

80 

24 

80 


ISO 

Phenylaeetic 

35 

70 


74 

TOO 

12 


It is noticeable that only in 2 cases, namely inonochloroacctic acid and 
phenylaeetic add, do the yields drop below 90 (i, Monochloroacetic acid 

forms an anhydride with extreme ease xn the presence of almost any sort 
of dehydrating agent and small amounts were isolated m the above re¬ 
action. Phenylacetyl chloride is not very stable and extremely reactive, 
giving certain amounts of tarry material, probably condensation products 
between several molecules. The yields, however, in both eases, arc very 
much better than are obtained with other acid chloride reagents with 
the possible exception of thionyl chloride 
The preparation of these acid chlorides can lie carried out if desired in 
benzene as a solvent (about 50 00 of benzene being used for a 25 g. por¬ 
tion of arid), thus, both benzoic and monochloroacetic acids gave satis¬ 
factory results under these conditions In the case of salicylic add, be¬ 
cause of the instability of the acid chloride, the preparation of this latter 
compound was not attempted except with benzene as a solvent, and after 
the reaction had taken place the benzene and excess of oxalyl chloride 
were removed by distilling off under diminished pressure at room tem- 
* This Jouxrac, 39, 2718 (1917) 
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perature. The action of oxalyl chloride upon p-hy droxybenzoic arid was 
carried out but complex condensation products were obtained and no 
acid chloride was produced. 

When excess of oxalyl chloride reads with in nitro, p-nitro-, 3,5- 
dinitro-, and 2,4,6-trinitrolienzoic acids, thr acid at first goes into solu¬ 
tion and in the course of a few minutes a solid separates After refluxing 
for 2 hours, the reaction mixture is treated directly with benzene, the olide 
filtered, washed with dil. sodium carbonate solution (except in the seas 
of the trinitiol>en/.oic acid), dried and washed with hot Ixnizcne. The 
benzene filtrates from the original reaction mixture are evaporated and 
a small amount of solid material is always obtained This is unchanged 
acid. Of the -1 nitro compounds produced, the double anhydride of 
w-nitrobenzoic arid 1 and 3,5-dimtrobcnzoic acid have already been de¬ 
scribed in a previous communication and the decomposition points here 
agree with those previously obtained. The double anhydrides of oxalic 
and p-mtrobenroie acid as well as of 2,4,0-trinitrolKnzoic arid, however, 
are new. 

p-Nitrobenzoic Oxalic Anhydride, 1 \O.-CJhC 00 C 0 )j.—This sub¬ 
stance forms yellowish crystals, melting with decomposition at 169-170° 
to form p-nitrobenzoic anhydride, white crystals from alcohol, 111. p. 
189-190°. The double anhydride deeomjKwes immediately on treat¬ 
ment with pyridine. 

Suits , o Jii9, 14 2 ce N, at 35“ am! 75o mm 
Calc, for C,»II, 0 ,! , N. 7 4 Found 7 5. 

2,4,6-TriaitTobenzoic Oxalic Anhydride, [ ( NOi)»C*HjOOOCO ]*.— This 
substance forms slightly yellowish crystals which melt with decomposi¬ 
tion at 228-230° to give 1,3,5-trinitrobertfenc, m. p. 121°. The proper¬ 
ties of this double anhydride from oxalic acid and trinitrobenzoic arid 
are slightly different from these of the other nitrobenzoie acids; first in 
that when melted it gives irinitrobenzene instead of trinitrobenzoic an¬ 
hydride as would be expected, and second, that it readily decomposes 
with sodium carbonate solution to give the sodium salt of trinitrobenzoic 
acid. Similar to the other nitro double anhydrides, it decomposes rapidly 
with pyridine. 

Subs , a 1J95; 18 9 cc. K, at 27' and 74X mm. 

Ode. fot C.iKAiMc N, 14 S Found. 15.1. 

Action of Oxalyl Chloride on the Sodium Salts of Organic Acids— 
Preparation of acid Chlorides.— The general procedure by which acid 
chlorides are produced from Use sodium salts of adds and oxalyl chloride 
is as follows. A round-bat ton flask is used which lias 2 openings; the one 
is a neck ground to fit a reflux condenser and the second is a side tube 
(1.5 cm. in diameter and 2.3 on. long). This second side tube is cork- 
' TB» JOOTWM,, *0,4*4 
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Stoppered and is used for the addition of solid sodium salt In the flask 
With the reflux condenser attached is placed i 2 to r. 5 moles of oxalyl 
Chloride dissolved m benzene (20 cc. of benzene is used when about to 
g. of oxalyl chloride is needed). One mole of the dry sodium salt of the 
acid is now added in small portions through the side arm. Upon each 
addition, gases arc evolved. After all of the sodium salt has been added, 
the mixture is refluxed for 2 hours with occasional stirring to be certain that 
the reaction is completed At the end of this time the sodium chloride 
and any traces of unchanged sodium salt of the organic acid are filtered 
off. The filtrate is distilled and after recovering the benzene, the acid 
chloride, if solid, is crystallized or if a liquid, vacuum distilled. In this 
way yields of acid chloride varying from to over 90% are easily pro¬ 
duced In the experiments carried out to test the method only small 
amounts (10 to 20 g.) of the sodium salts of the acid were used 
and consequently the loss involved in a distillation or crystallization was 
proportionately large It is probable that if 100 g hits of acid chloride 
should be made, the yields would tie consistently over 90' l The com¬ 
pounds are practically pure as obtained directly from tlic benzene, but in 
the experiments descrilied the products were either recrystallized or once 
distilled. By tills metlu<d, the following acid chlorides were made cin- 
namyl, phenylacetjl, benzoyl, and the following substituted benzoyl 
chlorides: p-chloro-, 0 bromo , p bronio , p-methosy , m-uitro-, p nitro-, 
and 3,5-dinitro- The constants agreed in ever) cdse with those appear¬ 
ing in the literature. 

Action of Oxalyl Chloride on Organic Acid Anhydrides - Preparation 
of Acid Chlorides. —The general procedurt by which acid chlorides are 
produced from acid anhydrides by means of oxah 1 chloride is as follows. 
In a round-bottom flask of the type used lor the production of acid chlo¬ 
rides from organic acids and oxalyl chloride, is placed one mole of the or¬ 
ganic acid anhydride and 1 5 to 2 5*moles of oxalyl chloride. The mix¬ 
ture is gently refluxed for 2 hours E\ olution of gas takes place, as the 
reaction proceeds. At^ the end of the heating, the reaction mixture is 
distilled to free it froin_the excess of oxalyl chloride and the acid chloride 
which is thus obtained is purified by crystallization or distillation under 
atmospheric pressure or diminished pressure- By this general process, 
acetic, monochloroacetic benzoic, m uitrci- and 3,5-dmitro benzoic acid 
anhydrides were converted into the corresponding add chlorides, and 
yields of 80 95',, obtained. 

The Action of Oxalyl Chloride on Organic Acids— Preparation of 
Organic Acid Anhydrides.— The general procedure by which acid 
anhydrides are produced from acids and oxalyl chloride is as follows. A 
benzene solution or suspension is made of 2 moles of aromatic acid (too 
ce. of benzene for 2 s e of orzanic add) and one mole of oxalyl chloride 
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is gradually run in. The mixture 3s refluxed for a hours and then the 
fcenasene distilled off. The yields of aromatic acid anhydrides 1 by this 
method are very good, but in the aliphatic series they seldom amount to 
more than 50% to 70%. As by-products in these latter reactions are ob¬ 
tained free acid and acid chloride. The particular compounds which were 
studied were n-hutyrie acid (56V,' yield), phcnylacelic acid (46% yield) 
and cinnamic acid (70^ yield). If these same reactions with the acids 
are carried, out without benzene as a solvent, the yields are alxjut the 
Same as indicated. 

The Action of Oxalyl Chloride on the Salts of Organic Acids—Prepara¬ 
tion of Organic Acid Anhydrides. — The genera! procedure is to suspend 
2 moles of the powdered, dry sodium salt of the acid in lienzetie (50 cc. of 
benzene for 25 g. of sodium salt' and then to allow 1 to 1 2 moles of oxalyl 
chloride to run in. The reaction takes place rapidly aad after 2 hours 
refluxing, is complete. The sodium chloride is filtered off and the an¬ 
hydrides are obtained by evaporation of the benzene. With some of the 
aromatic acids, the anhydrides are only slightly soluble in benzene and 
consequently must be recovered from the mixture with Sfxiium chloride by 
treatment with dilute stxlium carbonate. The aromatic acid anhydrides 
as obtained from the henrene are washed with dil sodium carbonate solu¬ 
tion, dried and rccrystalli/ed while the aliphatic acid anhydrides are puri¬ 
fied by distillation with a good fractionating column. In the aromatic 
series, the yields are \cry good, amounting to 75'^ to W <. In the ali¬ 
phatic series, however, some acid chloride i> produced although in smaller 
amounts than when anhydrides are made from the free acids and oxalyl 
chloride. The sodium salts of the following acids were coin tried to an¬ 
hydrides as just described: benzoic, m- and f-nitrobenzoio, c-chlorolien- 
zoic, moiloehloroacetic (54°) yield), w-butyric (7 g v c yield), *1- valeric 
(9 1 f i yield), lauric ( 8 o r J yield). The physical constants were not differ¬ 
ent from those already given in the literature. 

Action of Oxalyl Chloride on Inorganic Acids - Preparation of In¬ 
organic Acid Chlorides.—lit .1 flask similar to the one used in the previous 
experiments are plated arsenic trioxide tone inole't and excess of oxalyl 
chloride {2 moles). The reaction mixture is refluxed gently for 5 
hours, during which time the oxide gradually goes into solution. The 
reaction mixture is then distilled, a small excess of oxalyl chloride col¬ 
lected first and then the arsenic trichloride, b. p. j yob The yield amounts 
to about 95 r 7- 

In the same way dry chromium trioxide (one mole) and oxalyl chloride 
(3 moles) upon refluxing for 5 hours gives an 80% yield of chromyl chlo¬ 
ride, b. p. ii4 , -ii 6® at 748 nun. 

1 Let. at. 
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Action of Oxalyl Chloride on Certain Aromatic Ketorimee—Prepara¬ 
tion of Substituted Acid Amides.—Benzophenone oxime, anisyl-phenyl 
ketoxime and phenyl-p-tolyl ketoxime are treated in the following way: 
One mole of the ketoxime is dissolved in a small amount of absolute ether. 
To the solution is added slowly ’/* of a mole of oxalyl chloride. The mix¬ 
ture is kept warm for 10 minutes, during which time acid amide separates. 
At the end of this period half of the ether is evaporated, the mixture 
cooled and the solid add amide filtered. The yields of benzanilide, 
anisanilide and p-toluic anilide amount to over 90%. 

Action of Oxalyl Bromide on the Sodium Salts of Organic Acids— 
Preparation of Acid Bromides.—The general procedure by which add 
bromides are produced from the sodium salts of the acids is exactly an¬ 
alogous to the method used for the preparation of acid chlorides from the 
sodium salts of organic acids and oxalyl chloride. The products are worked 
up in exactly the same way. The yields of acid bromides are in general 
over 90 e / c . The following table contains a list of the bromides thus 
prepared with their constants and chemical analyses. 

Benzoyl bromide, C,H,COBr B p 218-210° at 739 mm as compared with 
218-219° reported in the literature 1 

o Chlorobcnzoyl bromide, ClC«H,COBr B p 143-145° at 37 mm 

Subs , o 2436, AgCl + AgBt, o 3372 

Calc for C r H t <)BrCl AgCl + AgBr, o 3392 

M-Chlorobenzoyl bromide. C!C«H«COBr. B p 143-147 ° at 40 mm 

Sabs , o 2580, AgCl + AgBr, o 3860 

CaJc. for CjH«OBrCl: AgCl -f AgBr, o 3894 

p-Chlarobenzoyl bromide, C!C«H»COBr B. p 141-143” at 27 mm 

Subs., 0.2730; AgCl + AgBr, o 4180 

Calc, for CrH,OBrCl. AgCl + AgBr, o 4150. 

o-Bromobenzoyl bromide, BrC,H,COBr B p 166-168“ at 18 mm 
Sabs., 0.2420; AgBr, 0.3464. 

Calc, for CjH<OBrj: Br, 60.6. Found 60.9. 

/■-Bromobenzoyl bromide, BrC*H<COBr. B p 133-137° at 18 mm. 

Sabs, 0.1600, AgBr, 0.2290. 

Calc, for C ; H«OBrj. Br, 60.6, Found 60 8. 

f'lixk)benzoyl bromide, fC*H,COBr. White crystals from carbon tetrachloride 
m - P- 54 - 55 ° Within z days it turns very dark colored even though in a sealed tube. 
Subs., o 1830; AgBr + Agl, o 2460 
Calc, for C-H/)Brf- AgBr -f Agf, o 2490. 

o-Methylbenzoyl bromide, CH,C,H,COBr. B. p 133-136° at 37 nun, 

Subs., o 7180; AgBr, 0.2080. 

Calc, for CtHiOBr. Br, 40,2, Found: 40.3. 

m-Methylbenzoyl bromide, CH,C»K 4 COBr. B. p. 136-137 • at S3 mm 
Subs., 0.2350, AgBr, 0.2310. 

Calc, for CiHjOBr, Br, 40.2 Found ■ 40 1 . 

1 her., 14, 2473 <1881). 
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F-Methritenzoyl bromide, CH«C*H«COBr. B. p 145-149° at 42 nun. 

Subs., 0.3806; AgBr, 0.2630. 

Calc, for C«H,OBr: Hr, 40.3. Found: 40.0. 

F-Methoxybenioyl bromide, CH« 6 C<HjC 0 Br. B. p. 183-186* at 27 mm. 

Subs,, 0.1310; AgBr, o 2058 

Cak. for C«HiOjBr: Br, 37.3. Found- 37.6. 
m-Nitrobcnzoyl bromide, NO,C,H,COBr B p. 165-167° at 18 mm The Com¬ 
pound is a yellowish solid at room temjierature and may be crystalliied from earlxm 
tetrachloride, in p. 43-43°. 

Sub*., 0.1590; AgBr, o. 1315 - 

Calc. (or Cjll«D«NBr- Hr, 34,8 Pound. 35.1. 
p-Nitroljenioyl bromide, NOtC*H«COBr, Yellow crystals from carbon tetra¬ 
chloride, m. p 63-64° 

Subs., o 2456; AgBr, o 2048. 

Calc, tor CrlliOtNBr Br, 34.8. Found' 33 o. 

3,5-Dinitrobenroyt bromide, (N' 0 ,i,CiH,COBr. Yellow crystals from carbon 
tetrachloride, m. p 59-60°. 

Subs., 0.3130; AgBr. o 1474 - 

Calc for C;HiO»NiBr: Br, 293 Found. 29.6. 

Cinuamyl bromide, C»HiCH **■ CHCOBr. B.p 180-184° at 40 mm. This com¬ 
pound forms yellow crystals, in p. 47-48*. 

Subs , o 2740; AgBr, 0.3448. 

Calc for C*H:OBr; Br. 37 9 Found: 38.0. 

Phenylacetvl bromide, C*H«CH«COBr B. p 150-155° at 50 mm. 

Subs . o 3642, AgBr. o J505. 

Cak forCtH.OBr. Br, 40.1. Found: 404. 

Other Reactions with Oxalyl Bromide.--In order to determine whether 
oxalyl bromide might be used in place of oxalyl chloride for the produc¬ 
tion of acid anhydrides, benzoic arid, o- and f-chloro- and p-bromo- 
benzaic acids were treated in benzene in the proportion of 2 moles of add 
to one mole of oxalyl bromide. The directions followed were exactly 
analogous to those used with oxalyl chloride and in every' case vgry good 
yields of the corresponding anhydrides were produced. 

In order to show that excess of oxalyl bromide on the organic acids will 
yield acid bromides in the same way that oxalyl chloride yields add 
chlorides, n-butyric acid (one mole) was refluxed with an excess of oxalyl 
bromide (2 moles) as described under the reaction between organic 
acids and oxalyl chloride. After the evolution of gas stopped, the reac¬ 
tion mixture was refluxed for 2 hours and then distilled in the usual wav. 
The bromide was produced in good yields. 

The Action of Phosphorus Pen tt bromide upon Aromatic Adds sad 
the Salts of Aromatic Acids.—One mole of phosphorus pentabromidc 
is suspended in benzene and one molt of organic arid is added. The mix¬ 
ture is refluxed for 1 to 3 hours, at the end of which time the reaction is com¬ 
plete. Upon distillation under d im i n i sh ed pressure, phosphorus oxybro- 
mide comes over first and then the arid bromide. In this **=*■■ r—— 
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a mi o-chlorobenzoic acids were converted to the add bromides. The 
yields amounted to about 50%. The constants were the same as those al¬ 
ready mentioned. 

If the phosphorus pentabromide is suspended in benzene (50 cc. of 
benzene to 25 g. of acid) and the dry sodium salt of the acid is added grad¬ 
ually, a rapid reaction takes place and after refluxing a short time is com¬ 
plete. The sodium bromide is filtered off and the benzene filtrate dis¬ 
tilled, first under atmospheric pressure to remove the benzene, then under 
diminished pressure to remove the phosphorus oxybromide and finally 
the acid bromide. The yields of pure product amount to 60-75%. 
this method benzoic acid and its 0- and p-hromo-, 0- and m-methyl-, 
wt-nitro-, 3,5-dinitro derivatives were converted into the corresponding 
acid bromides. 

Summary. 

1. Organic acids when treated with 2 moles of oxalyl chloride alone or 
in benzene as a solvent are converted almost quantitatively into acid 
chlorides. 

2. The sodium salts of organic acids when added to 1.2-1.5 moles 
of oxalyl chloride in benzene are converted almost quantitatively into acid 
chlorides. 

3. Certain nitro derivatives of benzoic acid when treated as in 11) arc 
converted into double anhydrides of oxalic acid and the aromatic add. 
when treated as in (2) are converted into acid chlorides as is the case with 
other adds. 

4. Organic add anhydrides when treated with oxalyl chlomlc are con¬ 
verted almost quantitatively into acid chlorides. 

5. Certain inorganic oxides are readily converted by oxalyl chloride into 
the corresponding acid chlorides. 

6. Asomatic organic adds (2 moles) when treated in benzene solution 
with oxalyl chloride (one mole) are converted almost quantitatively into 
acid anhydrides. Aliphatic organic acids under the same treatment arc 
converted to add anhydrides only to the extent of 50—70%, some un¬ 
changed acid and acid chloride being by-products. 

7. The sodium salts of aromatic organic adds (2 moles) when suspended 
in benzene and treated with oxalyl chloride (one mole) are converted 
almost quantitatively into add anyhydrides. In the aliphatic series, 
the yields of acid anhydride are not so good as in die aromatic series, 
but much better than are obtained by the action of oxalyl chloride on the 
free organic add. 

8. Certain nitro derivatives of benzoic add when treated as in (6) 
are converted into double anhydrides of oxalic acid and aromatic add; 
when treated as in (7) are converted into add anhydrides as is the case 
with other adds. 
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9. The Beckmann rearrangement in ketoximes is readily produced 
by the action of oxalyl chloride. 

10 If organic adds or the salts of organic acids are treated with oxalyl 
bromide under the same conditions as in (1), organic acid bromides arc 
produced. Several new aromatic acid bromides arc described. 

11. Organic acids arc converted into their anhydrides by oxalyl bro¬ 
mide when treated as descriljed in (6). 

12. Organic acids or the sodium salts of organic acids are converted into 
acid bromides by the action of phosphorus pentabroraide, 

13. The mechanism of the reaction of oxalyl chloride with organic 
adds and their sodium salts is described. 

Oksaha, 1m.. 
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A MODIFICATION OF THE APPARATUS FOR THE DETERMINA¬ 
TION OF ARGININE NITROGEN BY VAN SLYKE’S METHOD. 

By Georce it Holm 

Fffiiv d January JO, 192 0 

Difficulty is sometimes encountered by beginners, and even bv ex¬ 
perienced inventigalots at times, in the di termination of aiginine nitrogen 
of u protein hydrolysate by \'an Slykc’s metliod. 1 Even with extreme 
care, the use oi l toiling tidies, pumice, etc., cannot always prevent bump¬ 
ing, with the result that quite often a portion of the standard acid con¬ 
tained in the Kohn bulb will be ejected by a sudden evolution of steam. 

It has also been observed that even after cooling thoroughly upon 
completion of the digestion of the solution with 51 potassium hydroxide 
solution, a moistened strip of red litmus paper inserted into the neck 
of the flask will slowly turn blue (indicating ammonia). This in turn 
may sesult in a slight loss of ammonia upon the transfer of the flask to a 
Kjddahl distillation rack as is required in this metliod of procedure given 
by Van Slyke. We haw devised a modified apparatus which eliminates 
these difficulties The apparatus requires no technique in glass blowing 
or new material not already on hand in a chemical laboratory. 

A straight piece of glass tubing 10 cm. in length and of 3.3 cm. diameter 
is fitted to a Kjeklahl trap with 2 rubber stopjars as shown in the dia¬ 
gram, Into these 1 rubber stoppers have previously been inserted an inlet 
and an outlet tube for water. Thus serves as a condenser for vapors dur¬ 
ing the 6 hours of digestion. 

To make the apparatus suitable for an ordinary Kjeldahl rack, the neck 
of a Kjeldah! flask is cut off to a length of about 10 cm. In order to add 
the 100-200 ee. of water before the final distillation of ammonia, without 
1 lb D. Van Slyke, J. Htoi Chtm., 10,15-53 (1911). 
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opening the system, a separatory funnel is inserted 
in the stopper. In using this apparatus 12.5 grains 
of potassium hydroxide and a few pieces of pumice 
stone are placed in the Kjeldahl flask. Twenty-five 
co. of the "bases” is then added and the apparatus 
fitted upon a Kjeldahl distillation rack with a re¬ 
ceiver containing 0.0714 N standard add, as in an 
ordinary Kjeldahl determination (bringing exit of 
tube as near the surface of the standard acid as pos¬ 
sible). During the 6 hours’ digestion with potas¬ 
sium hydroxide a stream of water is directed through 
the condenser. The condenser is then drained and 
the system allowed to cool. From 100 to 200 cc. of 
water is then added through the separatory funnel, 
together with .1 small amount of zinc dust. The 
final distillation is now conducted as in a regular 
Kjeldahl determination until n». 200 cc (depending 
on the volume of water added) of distillate has been 
collected. 

The titration and calculation of the "arginine" 
nitrogen are carried out in the usual manner. 

The advantages of this apparatus over that descrilied bv Van Slyke 
have already l>een given 

(a) There is no danger of loss due t<> 'bumping.' 

(h) No break in the system or transfer of material is necessary. 

(c) The rather expensive "Folin bulb" is eliminated 

•St Paih., Minn 

(CONTRIBUTION FROM THU DEPARTMENT OF CHEMISTRY OF THE KF.MTUCXY ACRI 

cultural Experiment Station ) 

THE SIGNIFICANCE OF THE PEROXIDASE REACTION WITH 
REFERENCE TO THE VIABILITY OF SEEDS. 

By J S McHAROirK 

Received Jnnu*rv 19, J920 

Among the various enzymes that occur in living animal and vegetable 
tissue perhaps none is more vital to the life process than those concerned 
with oxidation within the cells. This oxidation is brought about by the 
oxidases and the peroxidases which are widely disseminated through the 
living tissues of both animals and plants. During the life and growth 
of plants oxidases are abundant in all the tissues; however, when maturity 
is reached, peroxidases predominate in the seeds of most species of plants. 
A few species contain both oxidases and peroxidases. Sound, well- ma tured, 
fresh seeds of all the species thus far examined have shown a pronounced 
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peroxidase reaction after having been crushed and finely ground in the 
presence of air. 

Kastle, 1 in his memoir on the oxidases, states that the peroxidases 
and catalases seem to be even more widely distributed in various living 
tissues of the plant and animal than the oxidases. He further states 
that to such an extent is this the case that the properties of these sub¬ 
stances might alidbst lie turned to account as a general chemical test 
for vital activity. Ho also states that it can certainly be said of any 
tissue or organ that it is dead when it fails to show the reactions of the 
peroxidases and catalases. However, the writer has recently observed 
certain specimens of dead grains in which little or no peroxidase reaction 
could be obtained, yet they contained a substance which decomposed 
hydrogen peroxide, thus showing the presence of a catalase in the absence 
of a peroxidase. This observation, therefore, indicates that the peroxi¬ 
dase reaction may la- a specific test for viability of seeds, although catalase 
activity mav not he. 

Broeq-Rosseu ami Gain 5 have tested for jieroxjdases in samples of wheat 
varying in age from 2 years to 5000 years. They state that all viable 
seeds tested showed the pmxidase reaction. They report finding per 
oxidases in a sample of wheat 2000 years old and came to the conclusion 
that peroxidases existed in the wheat a hundred years after it had lost 
the power to germinate. The latter statement appears quite remarkable 
since the writer has obtained seeds of several different species of plants, 
which showed zero germination and did not give a peroxidase reaction. 
In every case where the seeds have shown a weak or zero germination by 
methods in use in seed-testing laboratories, it has been found that another 
portion of the saint lot of seeds showed a weak or zero peroxidase reac¬ 
tion, thus showing u close parallelism between the germination and the 
peroxidase test. Seeds showing zero germination, which gave no per¬ 
oxidase reaction when tested with guaicum solution and hydrogen per¬ 
oxide are com, hemp seed, tomato seed, tobacco seed, oats, cowpeas, soy 
beans, castor beans and two samples of lettuce seed. 

The peroxidase, test has been applied to a considerable number of seeds 
of different species of plants upon which no germination test has as yet 
lieen made, but from all external appearances the germination test would 
run 90%, or above, and in every case where sound seeds were ground in 
air a deep blue color has been obtained. 

In order to determine the relative proportions of the peroxidase en¬ 
zyme in the germ and the endosperm, the germs were dissected from 

* J, H. Kastle. ‘'The Oxidases and Other Oxygen-Catalysts Concerned in Bioksfkal 
Os illations." V A. J"mblu lltaltk Stt Hyt- Bail. $9 

* Brocq-Rosseu and Gain, "Sur la durfc des peroxydastases dex grains." Com pi. 
rend., 146, 545-548 ft90*' 
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Several grains of sound corn and the two different portions ground sepa¬ 
rately in a clean porcelain mortar and each part tested for peroxidases. 
The germs gave a deep blue color, whereas the endosperm gave only traces 
of blue coloration, thus showing that the substance which gives the per¬ 
oxidase reactions is contained in the germ. 

In another experiment, sound grains of corn were immersed in strong 
alcohol in a shallow vessel and the germs removed and ground beneath 
the surface of the alcohol. The alcohol was then diluted with 3 vol¬ 
umes of distilled water and the peroxidase reagents added. Only a pale 
blue color was obtained, thus showing either that the enzyme substance 
had been destroyed by the strong alcohol or that oxygen had been ex¬ 
cluded to such an extent that but little peroxidase was formed under these 
conditions. The genus from other grains of com of the same sample 
were dissected from the endosperm and ground, beneath the surface of 
distilled water, and tested for peroxidases in the usual way. A depth 
of color somewhat comparable with that obtained when the germs were 
removed under alcohol, was obtained, thus showing that the germs of 
grains of com contain a substance which, on exposure to oxygen, absorbs 
the latter rapidly and a peroxidase is formed in this process. 

It is interesting to note that among tire 20 01 more different species 
of seeds which have been tested, only 3 have contained both oxydases 
and peroxidases. Soy beans gave a pronounced oxidase and a peroxidase 
reaction. Alfalfa seed showed a weak oxidase reaction and a strong per¬ 
oxidase reaction. Lettuce seed gave an intense oxidase and a moderate 
peroxidase reaction. Lettuce seed that showed zero germination gave an 
oxidase reaction of equal intensity to that given by seeds which showed a 
high percentage of germination. However, upon destroying the oxidase 
reaction by carefully heatiug until the blue color was destroyed, cooling 
to room temperature and adding hydrogen peroxide, no peroxidase re¬ 
action was obtained upon the seed that showed zero germination, whereas 
the sound seed showed a strong peroxidase reaction after this treatment, 
thus showing that the peroxidase reaction was quite specific as a test for 
seed viability, in this particular case. 

On applying the test for peroxidases to 3 different samples of oats 
which had a germination of So, 44 and 0%, respectively, a deep blue color 
was obtained with the sample showing 80% germination; a decidedly 
lighter blue color was obtained with that showing 44% germination and 
only a light blue was obtained with the sample showing zero germination, 
thus showing a dose and unmistakable agreement between the germina¬ 
tion test and the peroxidase reaction. The temperature at which the 
blue color was destroyed increased with the viability of the seeds. The 
light blue color or the zero viability was destroyed between 60-65, the 
44% viability at 65-70 and the 80% between 70-75°. Experiments 
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are under way with known mixtures of viable and non-viable seeds for 
the purpose of establishing a color scale from which the approximate 
percentage of germination of a given sample of seed may be estimated 
by means of the peroxidase test. 

Tests on the temperature at which the oxidase and the peroxidase 
reactions are destroyed show some variation with different species of 
seeds. 

Conclusions. 

1. From the results obtained, the writer is convinced that the peroxidase 
reaction can be made use of in seed-testing laboratories for detecting non- 
viable seed and for distinguishing between seed of high, medium and 
low viability. 

2. That lettuce, alfalfa and soy-bean seeds arc unique in that they con¬ 
tain both oxidases and peroxidases. 

3. That the vital property of seeds is contained in a substance (pre¬ 
sumably an oxygenase) which has the power to activate - molecular oxygen, 
when exposed to the air. peroxidases being formed, and that when this 
power is lost the seed loses its power to germinate. 

4. That the peroxidase reaction may be further turned to account in 
determining the rate at which seeds lose their viability. 

I.M1HOTOK, Kr 


ICONTR (BUTTON FROM THE CHEMICAL LABORATORIES OP POMONA ColLSCE AMO 

Johns Hopkins University 1 

THE IDENTIFICATION OF PHENOLS. D. 

By James A Lyman 1 and F. Emmet REh> 

B^tUyd J a.&tut/> 21 , 1920 

In a former article’ it was shown that f-nitrobeczyl bromide reacts 
readily with alkaline solutions of phenols to give well characterized ethers 
which may be used for the identification of the phenols. It was thought 
desirable to extend this work to other phenols. 

Materials and Methods. 

The p-nitrobenzyl chloride was made by nitrating benzyl chloride and 
separating the para compound by crystallization. The p-nitrobenxyl 
bromide was made by brominating p-nitrotoluene. 

Into a 100 ce. flask was measured 25 cc. of o 2 N 9 odium alcoholate 
and a nearly equivalent amount of the phenol. Except in the case of 
the salicylic acid esters the mixture was left slightly alkaline to avoid 
contamination of tbc product with the phenol The reagent, usually 
1.0 g. in amount, was added and the solution heated one hour under a 
1 The experimental work except that on salicylic add mere was done at Pomona 
College by J. A. L. 

* Tim Journal, 3®, 304 (1917). 
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TABtB I. 








Firet crop. 

Second 

crop- 



ibt. 






Vol. 

%■ 

Wt. 

•c: 

Wt. 


a-Nitrophenol, i g. chloride .. 

. 32 

75 

0.87 

'73 

0 33 

71 


40 

58 

0.67 

130 




37 

73 

0.66 

130 

0.02 

137 

p-Nitrophenol, 1 g. chloride 

30 

80 

0 81 

70-165 

0.3s 

70 

65 

84 

0 57 

165 

emul. 





0.54 

is? 7 

emul. 





051 

•87.4 

emul. 

... 

a^-Dinitrophenol, 0.8 g chloride.. 

• 45 

S 3 

<> 45 

68-24 1 

0.25 

68 


50 

93 

0 04 

74* 

0,28 

72 

o-Chiorophenol, 1 g. bromide . 

. 37 

63 

1 20 

97 5 

0 07 

83 


19 

So 

1 16 

99 

0.03 

83 




1 14 

99 4 

trace 





106 

lOO. 1 

trace 





I .no 

too 

trace 


^-Chlorophenol, 1 g. bromide 

37 

63 

1 19 

IOl .5 




IQ 

80 

I «4 

toi 5 

0.02 

101 . 




» . J2 

101.3 



l-Tribromophenol, 0.5 g. bromide 

25 

95 

ci 44 

■ 63 5 

emul. 



70 

8! 

O 41 

lf >3 5 

trace 


Guaiacol, 1 g. chloride. 

■ -i 

95 

1.08 

63 

emul. 



35 

66 

0 99 

63 6 

emul. 



33 

66 

0 87 

63 6 

emul. 


acNaphthol, 0.8 g. chloride 

to 

So 

r> 84 

! 33 

emul. 



43 

84 

<> 63 

140 

emul. 



(«j 

79 

O 6l 

140 

emul. 


/J-Nnpbthol, 0.8 g- chloride . 

33 

83 

0 68 

106 7 

emul. 



4 «> 

70 

0 68 

106 5 

emul. 


Snlol, t g. bromide 

30 

So 

<y go 

77 

emul. 



20 

74 

0.63 

So 5 

O 13 

69 


14 

68 

0 55 

84 

0,04 

74 


IV 

66 

0.42 

80 

O 03 

69 


•5 

6.3 

0 36 

87 

0.03 

*9 


»5 

63 

0 31 

87 

0.01 

»5 

^•Cresyl salicylate, t g. bromide, .. 

*3 

95 

o .&9 

xa8 

oil 



J 7 

95 

0.68 

139 5 

emul. 

. - t 


40 

73 

0.63 

14 J 5 

. a , 

. . t 


*0 

7* 

0.61 

147 J 

emul. 

- » • 

•t-Cresyl salicylate, 1 g. bromide. 

40 

77 

0 81 

oily 

emul. 



19 

80 

0 39 

95-*«0 

emul. 



■4 

70 

0.39 

713 

emul. 





0.37 

118 

emul. 

* • t 



• • 

0.36 

H« 

emul. 

»** 
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reflux condenser after which more or less water was added, the amount 
bdng Judged by the readiness of the product to separate out on cooling. 
The crystals filtered off were called "First Crop" and those obtained by 
adding a large volume of water “Second Crop." The first crop was re- 
crystallized till the melting point became constant. 

Results. 

The results are given in tabular form, the first line representing the 
original preparation and succeeding lines the recrystallizations of the 
product. Under "Solvent" are given the volume and strength of the 
alcohol from which the crystals were obtained. 

Picric acid, carvacrol, w-aminophenol and p-cresyl salicylate were 
tried but did not give satisfactory results. 

Salicylic Acid Esters. 

It has been shown by many chemists 1 that when an ester of one alco¬ 
hol is dissolved in another alcohol, the second alcohol replaces the first, 
till equilibrium is reached. Normally this reaction is extremely slow but 
becomes enormously rapid in the presence of sodium alcoholate, as has 
been shown by many investigators. An example of this has been given 
by Reid.’ From the work of Anderson and Pierce’ phenyl acetate does 
not seem to undergo this reaction, or at least not rapidly. The results 
given above with salol and with the ortho and mela cresyl salicylates 
agree with this, showing us they do, that the ethyl alcohol used as sol¬ 
vent did not replace the phenol or eresols in the salicylates, even when 
excess alkali was present. 

p-Nitrobenzyl derivatives were prepared from methyl salicylate ex¬ 
actly as above, using a slight excess of sodium ethyl alcoholate and crys¬ 
talline derivatives were readily obtained in excellent yields and worked 
up as usual. The one from methyl salicylate melted, crude, at 119® 
and. on recrystallization, at 123.8° and 124°. That from ethyl salicylate 
melted,crude, at 123.5° and, on recrjstallization at 124. 5 0 and 124.5*, 
showing it to be very' pure from the start, while the derivative prepared 
starting with the methyl ester melted low at first. The practical identity 
of the melting points suggested that the methyl salicylate had been al¬ 
most entirely transformed into the ethyl ester and that both products 
were the p-nitrobenzovl derivative of ethyl salicylate, p-NOjC«H«CHsO.- 
C*H«.COOCjHj,. This appeared to offer an interesting case of ester 
transformation and these derivatives were further studied from that 
point of view. The derivatives of these esters and of n-butyl salicylate 

1 For • number of references and further discussions see Pardee and Reid, J M 
Rdf. Chem., la, «i« (1920). 

* Aw. Che m. J„ 45, 506 (1911). 

* /. Phyi. Che m., M, 49 (191S}. 
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were prepared, using the corresponding alcohol as solvent in each case. 
The reagent was i .o g. of bromide in all of the preparations that follow. 

Tabus II. 

Ftrtt crop Second crop. 

Solvent. ----- *---—' 



__ 



M p. 


Mo. 


Voi. 

%■ 

Wt. 

•c. 

wt 

•c. 

Methyl salicylate in McOH. 

.... 3 ° 

83 

1.03 

128.2 

oil 



35 

too 

0.89 

128.2 

0.11 

I27.3 

Ethyl salicylate in EtOH.... 

.... 30 

So 

X 03 

IJ2-3 

emul. 



18 

87 

0 93 

114 s 

0 06 

95-8 


15 

95 

0 84 

,J 5 

0.07 

no 

Butyl salicylate in BuOH . 

... 35 


I .12 

90-3 

oil 



•5 

95 

I .03 

91-2 

0.05 

86.7 


>5 

MeOH 

0.78 

91-2 

0.13 

89 


18 

83 

0 68 

92 

0.06 

90 


In the last case, the first and third recrystallizations were from ethyl 
and the second from methyl alcohol. 

In the next two preparations methyl and butyl salicylates were used 
in ethyl alcohol solution, talcing care, however, to use an excess of ester 
over alkali. The results show that the butyl derivative was obtained 
pure, but with some difficulty, while the methyl could never be gotten up 
to the proper melting point. Slight ester transformation must have taken 
place in both cases, which was to be expected, since slight alcoholysis of 
the phenolates would take place. The details are given in Table III. 


Methyl salicylate in EtOH 


Butyl aalicylate in EtOH 


Tabus III. 

IPifii crop, Seewwl crop. 


Vo,. 

%. 

Wt. 

*<?: 

Wt. 


35 

70 

1.06 

123 

tfq. 


30 

MeOH 

0.85 

m 

0.13 

111 

30 

MeOH 

0.71 

126.3 

O II 

ns 

as 

MeOH 

0.61 

126.5 

O.07 

uj 

10 

BnOH 

o.m 

116.3 

o.os 

90 

35 

75 

1 .27 

86-9 

emul. 


20 

-3 

1 .12 

86-90 

0,06 

78 

35 

MeOH 

0 67 

93 

0.33 

78 

1 } 

EtOH 

0.43 

93 

0.01 

83 


It appears that the transformation of the esters is minimized by using 
excess of the salicylic ester and that characteristic derivative* can be ob¬ 
tained, though not in very pure form. 

In the case of the methyl salicylate derivative above, the attempt was 
made to change the methyl into the butyl derivative by adding a small 
amount of sodium to the butyl alcohol from which the last crystalliza¬ 
tion was made. The solution took on a purple color on addition of the 
compound to the sodium butylate solution. As shown by the ma ting 
point of the crystals that were obtained from this solution, no such re¬ 
action had taken place. The most probable ea pfana t fon is tha t the de- 
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rivative is a strong enough add to remove practically all of the sodium 
butylate from solution. An examination of the formula 
NO S C,H,CH»OCJI«COOCH, 

shows the presence of the — CH t — group l>etween two strongly negative 
groups. The nitro group may be concerned in the salt formation. Several 
other experiments of this kind were tried and all agreed with this in show¬ 
ing that these derivatives when once formed are not readily transformed 
by alcoholysis. 

To show the effect of alcoholysis, or ester transformation, the follow¬ 
ing 3 experiments were tiied. The salicylic acid esters were measured 
accurately into the alcohols in which io% of sodium over that equiva¬ 
lent to the esters had been dissolved. These solutions stood for a time 
and were then heated, each with one g. of the reagent. The results are 
given below in the usual form. 



,Sci vrot 

First crop 

Second crap 


VoJ. 

% 

Wt 

M p. 

*c 

Wt 

V 

Methyl salicylate in BuOH 

20 

72 

0 15 

9 « 

O 27 

88 


8 

60 

O 12 

9> 

O 01 

86 

Ethyl salicylate in MeOH 

30 

84 

O 74 

>27 S 

O 02 

124 


>5 

EtOH 

0 68 

• 27 5 

0 02 

126 

Butyl salicylate in MeOH 

30 

84 

0 56 

127 

O 05 

118 


13 

EtOH 

0 50 

>27 3 

O 02 

•»5 


It appears, in every case, that the derivative obtained corresponds to 
the alcohol that is used as solvent and not to that originally present in 
the ester. The products obtained melted slightly low but close enough 
to the true melting point to be sure that the transformations had been 
practically complete. 

Summary. 

It has been found that f-nitrobenzyl esters may be used to identify 
salicylic esters provided no excess alkali is present. They are best made 
in the alcohol corresponding to the ester. 

p-Nitrobenzyl ethers have been made of the following phenols and 
these properties studied- 

o-Nitrophenol, m. p. 130a-Naphtkol, m. p. 140°. 
p-Nitrophenol, m. p. 187 4 0 . d-Naphthol, m p. 106.5® 
2,4-Dinitrophenol, m. p. 248°. Said, m. p. 87°. 
o-Chlorophend, m. p. 100 a Methyl salicylate, m. p. 128,a®. 

p-Chlorophenol, m. p. 101.3°. Ethyl salicylate, tn. p. 125°, 

2,4,6-Tribromophenol, m. p. 163.5°, Butyl salicylate, m. p. 92°. 

Guaiaool, m. p. 63.6°. o-Cresyl salicylate, m. p. 142.5°, 

m-Creayt salicylate, m. p. ji8°. 

Cuawon, Cat., utd tuniui, Us, 
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THE LIPOLYTIC ACTIVITY OF THE CASTOR AND SOY BEAN. 

By Arthur Willis Barton 

Received September 29 . 1919 

Since 1900 there have been many investigations of the behavior of ani¬ 
mal and vegetable lipases. These investigations have had a number 
of objects in view, such as the determination of the effect upon the lipase 
enzyme of media containing various salts, 1 alkalies, 8 acids ,*•*.*-* and pre¬ 
servatives , 7 and the relation of lipase to a variety of substrates, including 
natural fats,’ethyl butyrate, 1 * ethyl acetate, 14 and amyl sali¬ 
cylate. 14 But there has been so much variation in the mode of attack 
used by different investigators that it is difficult to make comparisons 
between their results. 

The present work was planned to determine a few of the properties 
of the lipases of the castor and soy bean. The effect of increasing con¬ 
centrations of acidity from the neutral point on the activity of the lipases 
was determined. The amount of enzyme in the two iieans was compared. 
And the activity of the lipase on different substrates, such as lard, olive 
oil and ethyl butyrate, was estimated. 

Experimental Work. 

Analytical Methods. 

In following Falk's method 1 ' 1T unsatisfactory results were obtained 
when such substrates as lard, olive oil, castor oil and soy oil were used 
It was thought that the cause for this trouble was in the titration of organic 
acids in a watery medium, in which case the acids would not lx in solu¬ 
tion. Tests were made to determine this by the following method, 
Olive oil was saponified with potassium hydroxide and the resulting 
fatty adds purified, o. 1 cc. of these fatty acids was used in every case. 

1 Falk and Hamlin. This Journal, 35, 210 (191.1. 

* Green, Proc. Roy Sac , 48, 370 (1890) 

1 Niclotix, Mem. soc. c Biol., 56, 701, 839, 868 (loop 

4 Hoyer, Z. phystol. Ckem., 50, 414 (19041 

4 Taylor, J. Biol. Ckem., i, 87 (1906J 

* Astrid and Euler, Z. physiol. Cheat , 51, 244 (1907). 

’ Kastle and Loevenhart, Am Ckem J , 24, 307 (1900) 

•Comwtetn, ErgeJmtsse Physiol Biachem., 3, 194 (1904) 

* Falk and Nelson, This Journal, 34, 741 (1912) 

1* pekelharin*, Z. physiol. Ckem., 81, 353 (1912) 

“ Connatdn, Hoycr, Warteuberg, Bo., 35, 3988 (1902) 

"Terroitw, Btcckem. Z.,33, 429 (1910), 

14 Falk, This Journal, 36,1, 1047 (1914). 

“Haariot, Compl. rend. soc. btel., 114, 778 (1S07) 

* Kastle and Loevenhart, Am Ckem /„ 24, 491 (19007 

* Falk, This Journal, 37,649 (1913). 

« Falk and Nelson, Mud., 34, 733 (191a). 
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Table I 


Titration of n 1 cc of Fatty Acids in Various Media 



25 cc of water 

25 cc of water, 

35 cc of water 

2See of 


and 30 cc 

30 cc of alcohol 

30 cc. of alcohol. 

absolute 

25 cc of water 

of alcohol 

)0 cc of ether 

10 CC of ether 

alcohol 

1 70 

2 40 

3 OO 

3 OO 

2 90 

1 80 

2 30 


2 95 

2-85 

1 6<j 

2 4D 

3 ex# 

2 90 

3 05 

1 70 

2 16 

3 

7 9 S 

93 


These results indicate that it is impossible to titrate all of the organic 
add in a water medium. 

To show that it is impossible to use the method employed by Falk, 
and Pennington and Hepburn, 1 two senes of complete determinations 
were made. The first series, which is given m Table II, is the result 
of the titrations when made without the addition of alcohol and ether. 
The second series, Table III, is the result of the titrations after the ad¬ 
dition of alcohol and ether The differences given in the tables are the 
differences in titrations before and after incubation. 


Substrate 

< c HU 
Acidity 
medium 

Acid and 
»ub*trate 
difference 

k'c 

Acid and 
encyme. 
difference 

Cc 

substrate 
and myme, 
difference 

'L c 

Lrpaae 

action 

Cc 

bard 

t> 1 

O t 

O 2 

I 3 

I 2 

Olive oil 

O I 

O l 

O 2 

I 2 

O 9 

Lard 

O 2 

U 2 

O 2 

O 9 

0 5 

Olive oil 

« 2 

O 2 

O 2 

i 6 

1 .2 





Av. 

0.93 


Table III 




Substrate 

% HU 
Vetdbtjr 

medium 

Arid and 
substrate 
diSerfott 
Cc 

Acid and 
eoiyme 
difference 
Cc 

Acid, 

s ulwimc 

and rozyott 
difference 

Cc 

Up** 

action 

Cc 

laird 

0 I 

o 0 

0 3 

2 Jl 

2 1 

Olive oil 

O 1 

O J 

O 2 

2 7 

t 7 

laird 

O 3 

i» 0 

O 2 

1 4 

1 2 

I Hive oil 

0 2 

0, t 

O 2 

a 3 

2 .O 


Av , 1 75 

Considering these results, it is obvious that ail of the acid is not mea¬ 
sured when a direct titration is made. It was, therefore, decided to use 
the alcohol-ether method or titration. 

There was the further possibility that error might arise by reason of 
undissoived fat, since fatty acids are more soluble in it than in any com¬ 
bination of water, alcohol and ether. A series of experiments was car¬ 
ried out to determine the amount of oil that would dissolve in a small 
' Pennington and Hepburn, This Journal, 34, 710 (191a). 
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.Sir 

quantity of water on the addition of a fixed amount of ether and alcohol. 
In 25 cc. of water, the amount used by some investigators,* it was found 
that 0.3 cc. of fat would dissolve on the addition of 50 cc. of alcohol and 
20 cc. of ether. 

It was found that the method of putting the materials together was im¬ 
portant. The more intimate the contact of substrate and enzyme, the 
greater the activity of the lipase. Thorough breaking up and dissemina¬ 
tion of the material through the liquid conduces to the best results. Even 
those titrated immediately show smaller values if not broken up. 

In this work, then, the following method 1 was used: castor beans* 
freed from husks by hand were coarsely ground, washed with ether, 
ground finely, extracted with ether for a week or more in a Soxhlet ap¬ 
paratus, and finally passed through a No. 40 sieve. 4 Experiments with 
castor bean with and without the seed coat showed nearly twice the ac¬ 
tivity without the thick husk* as compared with the whole bean prepara¬ 
tion. In these experiments the enzyme preparations used were castor 
bean husk-free, and soy bean with the husk, otherwise similarly prepared. 

The method of procedure in the determination of lipase activity was 
as follows: 0.2 g. of the lipase preparation was placed in a 150 cc. Erlen- 
meyer flask. Upon this 0.3 cc. of substrate was poured and the two 
shaken together so that all of the liean powder was saturated with the 
substrate. 20 or 25 cc. of solution was added and any lumps broken up. 
All experiments were made in triplicate. Three flasks containing sub¬ 
strate and acid, 3 flasks containing enzyme and acid, and 3 containing 
enzyme, substrate and acid, were placed in a thermostat* and incubated 7 
at 38° for 24 hours. A similar series of 9 was prepared at the same time 
and titrated immediately. In all cases, before titrating, 20 cc. of ether 
and 50 cc, of 95% neutral alcohol were added* and the flask vigorously 
shaken.' The end-point, using 1.0% pheoolphthalein in 95 c ,’© alcohol, 
was a deep pink 1 ® which lasted 30 seconds. Thymol was used as an anti¬ 
septic, 20 cc. of add solution was used in all experiments except for 
0.0 and 0.1 percentages, in which cases 25 cc. was used. To keep the 
volume of the standard alkali added less than 20 cc., 2 strengths were 
employed in some cases. 5.0 to 10.0 cc. of 0.5 N alkali was first added 

* Katk and Nelson, This Journal. 34, 741 (1912). 

* Taylor, J. Biol. Chtm., a, 87 (1906). 

* The castor beans were obtained from the Baker Castor Oil Co., New York. 

4 Falk and Sugiura, This Journal, 37, 318 (1915). 

* Nidoux, Mem. sot. c. Biol., 56, 701. 8j 9, Wig (1904). 

‘Slgtaund, tilth. Ait ad. Wiu., Wien, 407, jag (1891). 

7 Kastle and Locvcnhart, Am. Chtm. /., 14, 491 (1900). 

* AS01, "Commertia! Organic Analysis,'’ 11 , part I, 3rd Ed„ 104 (1899), 

" Ch *“ is *n r . Technology and Analysis of Oil, Kata, and Waxes, 
Etc.,’ jrd Ed., 277 (19041. 

'*-■ »i-«--n™. _._,_ 4 
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and the titration completed with 0.1 N solution. All results are recorded 
in terms of o. 1 N standard. 

The olive oil used was “Superfine" grade from Lautier Fils. Grasse. 
The butyric acid ester was Merck’s “Concentrated Ethyl Butyrate." 
And the lard 1 was vacuum-kettle rendered, of fine texture and became 
liquid at 32 The acid chosen was hydrochloric and the concentrations 
varied from o o to 1 .0% with intervals of 0.1^. 

I. Castor Beau. 

The determinations cover a scries of tests of the lipolytic activity of 
the castor bean for the 3 substrates, lard, olive oil and ethyl butyrate, in 
an acid medium of various strengths. In the titrations made in tripli¬ 
cate the variations were very small, not exceeding o 2 cc. The ethyl 
butyrate was the most subject to slight fluctuations. 

The results obtained by the method outlined above are given in Tables 
IV to VII. 


Table TV. 


Action of Caitor Bean Lipase on Lard. 


Acidity 
medium 
% HC1 

A«d and 
subitratc. 
difference 

Cc 

Add and 

CTiryme, 

difference. 

Cc 

Add. aobstrate 
and enayme, 
difference 

Cc 

O 0 

O O 

0.6 

0.8 

O 1 

0.0 

0 2 

2 3 

O 2 

O O 

O 2 

1 -4 

0 3 

O O 

0.0 

l .1 

04 

O 1 

0.6 

2 O 

05 

0.0 

0 3 

« *9 

0 6 

1 .a 

0.5 

0.9 

O? 

* 4 

0 5 

1 X 

0.8 

o.S 

° 4 

1.1 

0 9 

1.0 

x .2 

1-7 

t .0 

« 3 

o? 

x .5 



Table V. 



Action of Castor Bean Lipase on Olive Oil. 

Acietity. 
medium. 
SI HCI 

Acid and 
*uh*U*te, 
difference. 
Cc 

Add and 

foirmr. 

difference. 

Cc 

AcW nub9tr.tr 
•ad rn.ymr 
dilfvreace. 
Cc. 

0.0 

0.0 

0.6 

0.6 

Q.l 

0.3 

0,2 

a.a 

OS 

0.3 

0.2 

*3 

03 

0.0 

0,0 

* .3 

»4 

0.2 

0.6 

0.9 

0-5 

O 2 

0.3 

0.9 

0.6 

I .1 

0.5 

1.8 

0.7 

O.9 

0.5 

*3 

0.8 

I ,0 

0.4 

0.8 

0.9 

0-9 

1.1 

»-5 

t .0 

J ,1 

0.7 

0.8 

The hud m furnished by Armour and Company, Chicago. 
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o 6 

to 4 

O 5 

n 7 

o 7 

13 5 

a 3 

io 6 

o 8 

13 7 

0.4 

ii 6 

o o 

14 h 

i a 

II 6 

I o 

14 9 

0 7 

It 4 



Table VI! 


Action of Castor Bean Lipase on Different Substrates 

Acidity 

medium 

Urt 

Ohvp oil 

Kthyl birtyratt 

% HCl 

Cc 

Cc 

Cc 

o o 

4-o a 

fo o 

-O O 

O I 

-fa o 

-fi 6 

5 

O 2 

+ i a 

•+2 0 

-3 4 

o 3 

-ft ' 

-r i 3 

-t 4 

o 4 

-ft 3 

-fo 1 

•O 8 

0.5 

-ft * 

4 o 4 

-ft a 

0.6 

—o 8 

+ O 7 

fo 8 

0.7 

—o 8 

- O I 

—a 4 

0.8 

— O I 

—o 6 

--a s 

0.9 

— O 3 

— ~o f» 

—4 a 

I .o 

— o 3 

— I o 

-4 a 


Discussion. 

The values in Tables IV, V and VI are obtained by subtracting the titra¬ 
tions before incubation from those after incubation, and are expressed 
in cc. of o. i N reagent. They represent the mean of triplicate determina¬ 
tions. In order to conserve space these separate determinations and 
others, also, have been omitted. 

In Table IV, Acid and Substrate column, successive difference* areo.o 
cc. with one exception, up to o 6%; from o 6% to i o% they vary from 
o 8 cc. to i, 4 cc. The differences arc larger in the acid and enzyme 
column up to o. 6 %. Except for o y%, there is no increase in this column 
for stronger acid solutions. Due to the eombtoatiaD of enzyme and sub¬ 
strate, and the varying influence of different percentages of acidity on 
each, and on the combination, the third column shows a less uniform 
variation. Here they differ from o % cc, to j.j cc. 

Table V contains differences for the substrate olive oil. Comparing 
the differences in the add and substrate column with those in the add 
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and enzyme column, the variation is larger in the latter column up to 
0.6%. From 0.6% to 1.0% the effect of the add on the olive oil is 
greater than on the enzyme except in the ease of 0.9% add. As pre¬ 
viously noted, the combination of add, substrate and enzyme produces 
the greatest differences, the largest being 2 3 cc.; the smallest, o . 6 ec. 

Table VI gives the differences in the determination of the action of 
castor bean lipase oti ethyl butyrate. They show a steady increase from 
0.0 cc. to 14 9 cc. This indicates hydrolysis of the substrate with weak 
add solution which was not shown when lard and olive oil were used in 
corresponding strengths of acid. It is, therefore, doubtful whether it 
is advisable to substitute ethyl butyrate for the more complex esters 
of the fatty adds such as olive oil, palm oil, lard, etc., in experiments with 
fat-splitting enzymes. 

Tile results in Tabic VII are obtained by subtracting the sum of the 
"difference” Col. 1 and 2 from Col. 3, as given in Tables IV, V and VI, 
and show the comparative lipase action on the 3 substrates, lard, olive 
oil and ethyl butyrate. From this fable it is apparent, first, that castor 
bean lipase is active toward the substrates lard, olive oil and ethyl buty¬ 
rate in an acid medium up to o ~ r ',; second, that the optimum addity is 
approximately o f> r , for the 3 substrates; third, that castor bean lipase 
is active toward ethyl butyrate iu o 5 and o (t r [ acidity only; and fourth, 
that this lipase is more active toward lard and olive oil than toward ethyl 
butyrate- 

These results are more or less in agreement with those obtained by 
other workers. The experiments of Green 1 led him to the conclusion 
that tlie lipase action was hindered by the presence of even small amounts 
of add. This may have been due to his method of lipase preparation. 
Armstrong anil Gosney- found that "Ricinus lipase has its maximum 
activity when the acidity does not exceed that of the oleic add.” It 
may lie that such equilibrium is reached at approximately 0.5% acidity. 
II. E. Armstrong 5 found "Ridmis enzyme to have but little action on 
ethyl butyrate.” Loevenhart’ found entirely different results when he 
substituted anivl salicylate for ethyl butyrate with liver-lipase extract. 
Connstein had better results with olive oil, castor oil and palm cal than 
with ethyl butyrate and other simple esters when acted upon by castor 
bean lipase. 

II. Soy Bean. 

'The seed-coat of the soy bean is comparatively thin so that its presence 
does not materially alter the lipase activity. Two soy bean prepara- 

1 Green, Pm.. Ray. Sac., 48, 370 (1890). 

* Armstrong and Corny, Proc. Ray Sac. (B ), 88, 176 (1914), 

• Armstrong, /Vac. Royal Soc. (8), 78, 606 (1905) 

'boevenhart, J. Bi 4 - Ckm., 51, II, 393 {1906-7). 
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were tried for relative activity with and without the husk. The 
jfiag table shows the results with olive oil and 0.2% hydrochloric 
add. S. B, I is with seed-coat and S. B. II without. 


Comparative Tests op Sew Beak with and without Seed-Coat. 

Add end tub- Add *nd 

rtrwtc difference;. encyme difference. 


Acid, tubitrnte and 
eniym* difference, 


Ujhk action. 


S. E. 1 
O.I 


s. b. rr. 
0.1 


S. B. 1 . 
O.X 


S, B. II. 
0.2 


S, B. I 
0.4 


S. B. II. 
0.7 


8. B. I. 
O.A 


8 . b n 


In these experiments the soy bean preparation was made from the 
whole bean, otherwise prepared as was the castor-bean powder. The 
procedure was the same,«. e.,0.2 g. portions were placed in 150 cc. Erlen- 
xneyer flasks. Over this powder 0.3 cc. of substrate was poured, shaken 
together to insure through contact, and the mass broken up and com¬ 
pletely scattered through the liquid. The ether-alcohol method of titration 
was used, all experiments being made in triplicate. The variation among 
these triplicates was small, being most marked in the case of ethyl butyrate. 

Tables VTII to XI give the results in these determinations. 

Table VIII. 

Action of Soy Bean Lipase on Lard. 



Acid and 

Add and 

Acid. Mbatrete 

Acidity 

eubttrate, 

entyme, 

difference. 

•nd eaiyme, 

medium. 

difference. 

different?* 

%HCl. 

Cc 

Cc 

Cc 

0.0 

0.0 

0.4 

0.8 

0.1 

0.0 

0.4 

oj 

0.2 

0.0 

0.1 

0.6 

03 

O O 

0.4 

0.9 

0.4 

0.1 

O.J 

1.2 

0.3 

0.0 

0.4 

O.S 

0.6 

X .2 

1-9 

2.1 

0.7 

1 *4 

I.S 

2.3 

0.8 

0.8 

1.0 

*•7 

0.9 

1.0 

« J 

2-3 

1.0 

1.3 

r.J 

2-4 


Tabuj IX. 



Action of Soy Bean Lipase on Olive 

Oil. 

Acidity 

Acid aad *ub- 

Acid end to- 

Add, MllMtfiit 

medtuxs. 

% HCL 

itrat*. difference. 

Cc 

syme, dtffcrtoc* 
Ce. 

eceyrae. differenor 

Cc. 

0.0 

0.0 

°- + 

0,6 

0.1 

0.3 

°-4 

0 9 

0.2 

0.1 

O.I 

0.5 

0.3 

0.0 

04 

o.s 

<M 

0.2 

0.5 

1.3 

0-5 

0.1 

o -4 

o.s 

0.6 

x.o 

1.9 

*.i 

0.7 

O 9 

1.8 

a.6 

0.8 

1.0 

1.0 

1.7 

0.9 

0.9 

t .5 

*9 

t. 0 

1.1 

t.j 

a.x 
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Table X. 

Action of Soy Bean Lipase on Ethyl Butyrate. 


Acidity 

medium. 

% HCl 

Add and sub¬ 
strate. difference 

Cc 

Add and ea¬ 
sy me, difference 

Cc 

Acid, wibrtrnte Mid 
enzyme, difference. 

Cc. 

O O 

O O 

O 4 

04 

0.1 

3 3 

O 4 

1 8 

0.2 

s « 

0.1 

3 3 

O 3 

7-2 

0 4 

6.9 

O.4 

8.9 

0.5 

9 9 

0 5 

8 7 

0 4 

9 4 

0 6 

10 .4 

1 9 

>2 5 

O 7 

i* 5 

i .8 

>4 7 

0 8 

>3 7 

1 0 

14.9 

0 9 

14 6 

J 5 

>5 9 

1 0 

14 9 

i 5 

>5 6 


Table XI. 


Action of Soy Tie.in Lipase on Different Substrates. 

Acidity medium 

% Ha 

Lard 

Cc 

OUrc oiL 

Cc 

Ethyl butyrate. 

Cc. 

0 0 

+0 4 

+0.2 

—O O 

0 r 

4 o 1 

4 o 2 

—0.9 

o j 

+0.5 

+0.1 

—2.4 

0 * 

+ 0 3 

O 4 

—O 7 

0 4 

4 o.O 

■f 0 5 

40.5 

0 s 

4 o 4 

-fo y 

40 3 

0 A 

—1 0 

—0 8 

4 o 2 

0 7 

—0 7 

—0.1 

+0.4 

0 8 

— 9.1 

—0 t 

40.3 

0 1, 

-O 2 

--0 2 

-O 2 

1 11 

—0 4 

—0 5 

—0 8 


Discussion. 

Tables VI II, IX and X are made up of lire differences of titrations before 
and after incubation. Mean values based upon triplicate determinations 
were used to obtain the results. 

Table VIII is for the differences of titration with soy bean lipase on lard. 
It will be noticed that there is no incubation effect up to 0.6% aridity. 
The hydrolysis of the fat is shown by the increase in differences from 
0.6% to 1 0% acid solution, the largest being j 4 cc. in the arid and sub* 
strate column. In the acid and enzyme column the greatest difference 
is i 9 cc. Rut iu the third column the maximum difference is a. 5 ecu 
and the minimum is o 5 cc. 

In Table IX, where the differences for soy bean lipase on dive oil are 
given, the greatest difference in Col. 1 is i. 1 cc. for 1.0% add. In Col. 
a the greatest difference is 1 .9 cc., while in Col. 3, or in acid, substrate 
and enzyme combination, the largest value is a,6 cc. in a 0.7% hydro¬ 
chloric add medium. 
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Tfthle X gives the differences of soy bean lipase action on ethyl buty¬ 
rate. It is noticeable that there is a very marked effect of the add upon 
the substrate, the greatest value being 14 9 cc. for r 0% acidity. The 
decrease in the effect is gradual from 1 0% to o 0% acidity. In the third 
column, where the differences for the mixture of add, substrate and en¬ 
zyme are given, a gradual increase is observed from o 4 cc. to 15.9 cc. 

Table XI is a comparison of the lipase action of soy bean upon the 
3 substrates, lard, olive oil and ethyl butyrate. The maximum acidity 
in which lipase action takes place i« o S r ’ t This is for ethyl butyrate. 
For lard and olive oil the maximum acidity is a 5^ The maximum 
value is o. 6 cc. for lard, o 5 cc. for olive oil, and o 5 cc. for ethyl butyrate. 
The optimum acidity for the 3 substrates is o 4%. The range of acidity 
in which there is positive action is o o to o 5%, inclusive, for lard and 
olive oil, and o 4 to o 8 f " c for ethyl butyrate It is interesting to note 
that the range of addity of the medium in which ethyl butyrate is split 
is shorter than the range ior lard and olive oil. Also that the range in¬ 
dudes only a small part of the extreme ends of the ranges for lard and 
olive oil. 

Table XII 

Lipase Action of Njy and C actor Beans on I jr<i 


Acidity medium 
% HCI 

soy bent» 

Cart or bean 

Cc 

C c 

O 0 

-iO 4 

ft) 2 

O I 

-fo I 

~fz 0 

O 2 

ra S 

4 1 2 

0 3 

-fo 5 

-r 1 1 

« 4 

■f 0 6 

4 1 3 

0 S 

-fo 4 

-*■ f (> 

0 6 

— o 

-o 8 

O 7 

--0 7 

0 8 

0 H 

—0 1 

-0 1 

0 9 

—O 2 

*> 

1 0 

4 

Table XfJI 

--0 4 

Lipase Action 

of Soy and Castor Brans on UIivc Oil 

Acidity medium 

-Soy beau 

Castor bean 

% RC 1 

Cc 

Cc 

0 0 

4 0 2 

+0 0 

0 1 

4 -o 1 

+1 7 

O 2 

4 -o ? 

4-3 0 

0 3 

+0 ♦ 

+»3 

0 4 

4 -o.s 

+0 1 

0 s 

4 -o 3 

4-0 4 

0 

—•0.8 

4-0.3 

0 ; 

-“O l 

— 0 1 

0.8 

—0 S 

—0 ,t> 

0 <J 

—o.a 


I 0 


~i 0 
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Tabus XIV. 

Lipase Action of Soy and Castor Beans on Ethyl Butyrate. 


.Acidity medium. 

% HCI 

Soy bean 

C**tor bean. 

Cc 

Cc 

O O 

—O O 

—O .0 

O 1 

—0 9 

—*-5 

O 2 

—2 4 

— 3-4 

O 3 

■<) 7 

—1 4 

0 4 

4 *> 5 

—o 8 

0 5 

+0,1 

4 1 2 

0 6 

+0 2 

4 o .8 

0 7 

-fo 4 

-2.4 

O * 

4 -o j 

—2 5 

0 9 

—0 2 

— 4.2 

1 0 

—0 8 

—4 2 


Tables XII, XIII and XIV show the comparative lipase activity of castor 
and soy beans on the substrates, lard, olive oil and ethyl butyrate. In 
Table XII where the action of the enzyme is shown on lard, the range 
gives a positive action for o o to o sTc> inclusive, and negative for the 
remainder. The amount of lipase action of soy bean varies from 0.1 
to o 6 cc. The range of the acidity of the medium in which fat splitting 
takes place is from o 1 to o 5^. The amount of lipase action of castor 
bean ranges from o 3 to 2 1 cc The acidity of the medium in which 
action takes place amounts to o o to o s c i The largest negative value 
for each enzyme is at o . For soy l>ean this value is 1. o cc. and for 
castor bean o 8 cc. Tests with acidities up to 2 0°,', gave still larger 
negative results 

Comparing the enzyme action of soy bean with that of castor bean on 
lard, sonic differences are evident First, the maximum activity of 
castor bean is 2 o cc., that of soy is o 6 cc. Second, the maximum ac¬ 
tivity for castor bean occurs at o 1% acidity, while for soy bean it is at 
o . 4% . And, third, for both enzymes the maximum acidity for lipase 
activity is o 

These results are, in general, comparable to those of other investiga¬ 
tors. Conn stein, Hoyer and Wartcnberg 1 found that hydrolysis was 
not hindered by as much as 2 o c { of acetic acid, and that o 1 AT sulfuric 
acid hastened fat -splitting. This is approximately o 5% concentra¬ 
tion. Further comparison with their results is impossible because of 
difference in material and method. Armstrong* obtained 4.1 g. of 
okic add from 5. o cc. of olive oil with one g. of fat-free castor bean in 
0 03 N (approximately o 13^) sulfuric acid, after 18 hours of incuba¬ 
tion at 38°. 

In Table XIII is a comparison of the lipase action of both beans on olive 

1 ConMtein, Hoyer sad Wsrtentwrj, Btr , $5, j<>SB (1903). 

* Aim strung, Free Kay. Sac, (B), y®, 6u6 (1903). 
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vai The positive action range for this substrate is from o.o to 0.5%, 
inclusive, for soy beau and from 0.0 to o 6% for castor bean. For the 
remainder of the percentages of acidity the values are negative. The 
greatest soy bean activity, o 5 cc, is manifest at 0.4%. For castor 
bean the maximum activity is 2 o cc at o 2%. The maximum negative 
value is o 8 cc. for soy bean at 0.6 % and 1 .occ. for castor bean at 1.0%. 
Higher percentages of acidity gave increased negative results. There- 
fore, using olive oil as a substrate, the comparative action of lipases from 
soy and castor beans is as follows first, the castor bean is very much 
more active; and second, the range of acidity of the medium is practically 
the same in both cases. These results are very- similar to those obtained 
with lard. 

Table XIV gives the results of the action of soy and castor bean lipases 
upon ethyl butyrate. Soy bean shows a negative activity up to o 4% 
add, positive to o 9%, and negative again for o 9 and 1 0%. For cas¬ 
tor bean lipase all values are negative except o 5 and o 6%. The high¬ 
est positive value for soy bean lipase is o 5 cc. at o 4%. For castor 
bean, 1.2 cc at o 5^ is the greatest positive value- Stronger acidity 
gave larger negative results A comparison of tin- action ol the eniymea 
of the 2 beans on ethyl butyrate shows, first, that soy bean lipase is active 
over a greater range of acidity, but activity is less than that of castor 
bean lipase for a given strength of add; second, that the maximum ac¬ 
tivity for castor bean lipase is 1 2 cc. at 0 5%; for soy bean it is 0.5 cc. 
at 0.4% addity; and third, that the activity of soy bean lipase ceases 
at o 9% and that of castor bean lipase at 0.7%. 

Comparing the various tables, espedally Tables VII and XI, the fol¬ 
lowing features are apparent first, that castor and soy bean lipases are 
active toward the substrates, lard, olive oil and ethyl butyrate, in 0.4 and 
0 5% medium; second, that the optimum acidity for castor and soy bean 
lipase is approximately 0.5% for lard and olive oil; third, that neither 
soy nor castor bean lipase is active toward ethyl butyrate in less titan 
0.4% addity; fourth, that soy bean lipase does not show as great ac¬ 
tivity values as does castor bean lipase--the maximum ratio being 3,0 
cc, to o 6 ce., fifth, with ethyl butyrate the castor lean lipase is active 
over a smaller range of addity titan is soy bean lipase; and sixth, that 
both soy and castor bean lipases are more active toward olive oil and lard 
than toward ethyl butyrate. 

A graphic representation of the data would show that Hie castor bean 
has the more intense activity, that the forms of the curves for acMity of 
media and amount of activity do not have characteristic differences, 
and that the ranges of activity in increasing strengths of add do not 
characteristically differ. These facts would go far in leading one to the 
Conclusion that castor and soy beans contain the same lipase or lipases 
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bat in different quantity. With this Falk and Sugitira, 1 in the main, 
agree; and Falk* concluded from his work with lipases from castor bean, 
soy bean, etc., that marked similarities in action are shown by lipases 
from different sources. He did not compare the relative amounts of ac¬ 
tivity for any range of acidity. Armstrong* found castor bean to have 
little action on ethyl butyrate. Taylor 4 recommended the use of tri- 
acetin as a substrate. Connstein 4 found that ethyl butyrate was acted 
upon to a much less satisfactory extent than was olive oil, castor oil and 
palm oil. 

Summary and Conclusion. 

The lipases of the castor and soy bean were studied with relation first 
to their ranges and amounts of activity in a watery medium with acid 
reaction and second to their actions in these media on 3 substrates, lard, 
olive oil and ethyl butyrate. The methods used in making these de¬ 
terminations were investigated. 

The following conclusions were reached: 

First, when lard or olive oil is used as a substrate, the liberated fatty 
adds cannot be titrated in a water mixture, with an aqueous standard 
alkali solution. Ether and alcohol must be added before titration in at 
least sufficient quantity to make a single and complete solution of all 
of the fat. 

Second, of the preparations used, the castor bean lipase was more in¬ 
tense in its action than the soy bean lipase. 

Third, the ranges of acidity of the media in which action took place 
were practically the same for castor and soy bean lipase, and were inde¬ 
pendent of the kind of substrate. 

Fourth, lard and olive oil afforded practically equal degrees of activity 
in the various acidities and ranges of acidity in which activity took place. 

Fifth, ethyl butyrate as a substrate differed characteristically from 
lard and olive oil in that the degree of activity was smaller and the range 
of acidity in which action took place was much higher and shorter. 

The above conclusions in connection with the data presented, lend 
proof to the following hypotheses: 

First, the castor bean Lipase splits esters of the fatty adds to a greater 
extent than does soy bean lipase. 

Second, soy and castor beans contain tlie same lipase or lipases. 

Third, both soy and castor beans contain more than one lipase. 

This work was outlined and begun under the direction of the late Dr. 

* Folk and Sugiura, This Jockhax. 37, aiS (1915). 

* F»Bc, iHd.. 37,649 (1913). 

* Arsntmog, Proc Raj. Sx. (B), 76, 606 (190$). 

* Taylor, J, Biol. Chen., *, S7 (1906). 

* CoonsttiA, Erpbtms* Pkjsiol. Biocim., J, 194 (1904), 
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{Contribution from the Division op Agricultural Biochemistry, Minnesota 
Agricultural Experiment Station.] 

ON THE ORIGIN OF THE HUMIN F ORM ED BY THE ACID HY¬ 
DROLYSIS OF PROTEINS. IV. HYDROLYSIS IN THE 
PRESENCE OF ALDEHYDES. HI. COMPARATIVE 
HYDROLYSIS OF FIBRIN AND GELATIN 
IN THE PRESENCE OF VARIOUS 
ALDEHYDES.' 

By George E. Holm and Ross Aiken Gortner 

Prcetvcd I>*c*ntl>er 29, 1919. 

In the earlier papers of this series, by Gortner and Blish, 5 Gortner,* 
and Gortner and Holm/ we have studied the effect of certain aldehydes 
upon the acid hydrolysis of proteins with especial reference to the origin 
and mode of formation of the "limnin'’ fraction. Detailed observations 
were made using various carbohydrates, which under the conditions of 
the experiment would yield furfural and formaldehyde, with a few observa¬ 
tions, where benzaldehyde was present. It was noted that the hydrolysis 
of a protein in the presence of an aldehyde markedly altered the nitrogen 
distribution, so much so that when formaldehyde was present in excess 
the resulting nitrogen distribution bore no resemblance to the values ob¬ 
tained in the absence of the aldehyde. The most noteworthy changes in 
the nitrogen distribution were in the ammonia and humin fractions, 
but the fact that an excess of formaldehyde over that required to cause 
maximum bnroin formation apparently unites with the a-auiino groups 
so that they no longer react with nitrous add, causes the remaining nitro¬ 
gen fractions to lose all resemblance to those of a normal hydrolysate. 

We have furthermore shown that in all probability the black insoluble 
humin nitrogen is derived from the interaction of tryptophane and an 
aldehyde. However, tyrosine also reacts with aldehydes to form oom- 
1 Presented before the Biological Division at the Philadelphia meeting of the 
American Chemical Society. Sept. 2-6, 1919. Published with the approval of the 
Director as Paper No. 190, Journal Series of the Minnesota Agricultural Experiment 
Station. 

5 R. A Gortner and M. J. Blish, "On the Origin of the Humin Formed by the 
Acid Hydrolysis of Proteins," Tuts Jovwnal, 37, 1630-36 

* R. A Gortner, "The Origin of the Humin Formed by the Acid Hydrolysis of 
Proteins II. Hydrolysis in the Presence of Carbohydrates and of Aldehyde*/’ /. 
Bull. Chtm., *6, 177-204 (1916) 

4 and G E Holm * ,,0n Origin of the Httatia Formed by the 

„ , hydrolysis of Proteins. HI. Hydrolysis la the Presence of Aldehydes. H. 
Hydrolysis tn the Presence of Formaldehyde." Tin* Joctwal, ». 2477-2501 (1917), 
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pounds whose solubility depends upon the particular aldehyde present. 
Thus with formaldehyde the tyrosine-aldehyde compound is soluble in 
dil. hydrochloric acid and is thus readily separable from the tryptophane- 
aldehyde humin. On the other hand, certain experiments which we have 
reported seem to indicate that the tyrosine benzaldchyde compound is 
insoluble in the various concentrations of hydrochloric acid and is there¬ 
fore not separable from the tryptophane-benzaldehyde humin. It, there¬ 
fore, seemed advisable to extend our observations so as to include a more 
extended study of the effect of other aldehydes, especially benzaldchyde, 
upon the nitrogen distribution of proteins when the aldehyde has been 
present during the process of acid hydrolysis. 

Experimental. 

No fibrin such as that used in our previous experiments could be ob¬ 
tained. A sample of commercial "fibrin from blood" was, therefore, puri¬ 
fied as follows The fibrin was finely ground and brought into solution 
with a o 2 r l solution of sodium hydroxide. The solution was filtered 
through 4 double cheese cloths and precipitated with hydrochloric acid. 
This precipitate was washed to the absence of chlorides by decantation, 
dried at a low temja-rature and ground. This product, free from blood 
and other impurities, was used in subsequent hydrolyses. The gelatin 
used was of the same sample as that used in our earlier studies. 

In order to obtain comparative data regarding the action of different 
aldehydes upon the same protein preparations, it was, therefore, necessary 
to repeat certain of the experiments with formaldehyde using this new 
Table* 1 amo It-— The Erracrs or Increasing Amounts or Formaldehyde max 


toe Acid Hydrolysis or Gelatine and Pisrin, Rbsfkctivslv 


Amount 


Table I 

Awixkhmh 

Andiotubl* 

Total %*b*no 

fCM 

humin mttotru 

mtrwgr* 

buttuM ntlrorcn 

SUTWI 

G 

Mg 

Mg 

Me 

w* 

0 OO 

0 IJ 

4 4» 

0 JS 

319 67 

O 05 

C> (4 

5 00 

0 47 

314 04 

O IO 

0 ij 

6 30 

0 50 

307 00 

0 a 5 

O 13 

9 43 

0 4R 

*95 97 

0 

0 to 

19 *7 

O.JO 

474-99 

1 Of) 

0 05 

30 40 

0 47 

7*9.15 

a 50 

0 07 

44 75 

0 IS 

110.10 

S OO 

0 f>3 

Ji 43 

O 35 

54 77 

O OO 

6 45 

Table It 
34 63 

5-87 

341.3* 

0 os 

IO.JO 

jo 35 

10.95 


0 to 

14 *4 

*9 SO 

16.45 

313.56 

0*4 

a 6j 

16 47 

*9-60 

*9*-44 

0.30 

1 10 

jo.jo 

*7 -90 

*61.49 

1.00 

1.40 

38 70 

*5.95 

*36.40 

* 30 

o.«5 

Si 3* 

19.90 

117.1* 

A OO 

A 
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material. Besides formaldehyde the following aldehydes were used: 
beizaldehyde, acetaldehyde, butyric and isobutyric aldehyde. 

The method of procedure was the same as that used in the former ex¬ 
periments with two exceptions: (i) Hydrolysis was continued for 24 
hours only; (2) besides insoluble humin nitrogen, ammonia nitrogen and 
soluble humin nitrogen, the total amino nitrogen was determined upon 
the filtrate from the soluble humin. This method of precedure gave an 
indication of the effect of various aldehydes upon humin formation and 
also showed their effect upon the a-amino nitrogen of the various amino 
acids not involved in humin formation. 

Tables I to IX show the effects of the various aldehydes upon the add 

Tabu® III and IV.—Tub Effects of Increasing Amounts of Kknialdbhydo 
upon the Acid Hydrolysis of Gelatine and Fibrin, Respectively. 

Table III. 



Add-insoluble 

humin 

Ammonia 

Acid-soluble 

humin 

Total amino 

Aldehyde used. 

nitrogen 

nitrogen 

nitrogen. 

nitrogen 

Mg. 

Mg 

Mg 

Mg. 

0.00 

0.12 

4.58 

O 35 

3 * 9-67 

O.05 

O.49 

4 60 

0.30 

318 .90 

0.10 

0-55 

470 

0 34 

3>9 3 o 

0.25 

0.67 

4.65 

0.30 

317-10 

0.50 

0,67 

4-33 

0.35 

322 61 

I .OO 

0.82 

500 

0.27 

318 53 

2.50 

0.86 

7.55 

Table IV. 

0.38 

323 -ao 

0,00 

6-45 

34 65 

5 87 

341 32 

0.05 

10.50 

3300 

2.60 

340 IO 

0.10 

13 -JO 

32-50 

190 

340.10 

0.25 

15.17 

33-00 

3 40 

33<>-77 

0.50 

16. *5 

33 50 

3,60 

3 » 4'6 

1,00 

18 35 

33-30 

3,60 

320-54 

2 ,SO 

24 -35 

33.54 

2,7* 

3*3 93 

5.00 

24.30 

34-31 

415 

/ 309 . 4 ® 

\ 308.fto 


Table V —Tub Effect of Increasing Amounts of Acetaldehyde upon tee Acid 
Hydrolysis or Gelatine. 



Arid-lnRohibW 




Aldehyde used 

Cc. 

humin 

nitrogen. 

Mg. 

Ammonia 

tdlrngen. 

Mg. 

humin 

nitrogen 

Mg, 

Todtl ami 00 
nitrogen. 

M*. 

0,00 

0.12 

4.58 

° 3 S 

3*9.67 


0.47 

4 Co 

l 78 

Not rietcmiinei 

O. IO 

0.90 

4-77 

3*6 


O.25 

1.60 

5.10 

4.26 


O.50 

4,80 

4 57 

6.00 


I.OQ 

12.10 

4 33 

6 .56 


2. SO 

22.93 

4 00 

7-88 


5.00 

4175 

6.00 

C.lo 
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hydrolysis of fibrin and gelatin, 3 g. of protein being used in each experi¬ 
ment. The data for acid insoluble humin have been plotted in the form 
of curves and are shown in Fig. 1, 

TAB 1 .R 9 VI and VII.—The Effects of Increasing Amounts of Butyric Aldehyde 


upon th« Aero Hydrolysis of Gelatine and Fibrin, Respectively. 

Table VI 


AH<Mnvolub!e 


Acid-iiojulile 



huomi 

Ammonia 

humm 

Total amtuo 

Aldehyde imd 

aftrogea. 

nitrogen. 

nitrogen 

nitrogen. 

Mg. 

Mg. 

Mg. 

Mg. 

0.00 

O II 

4 js 

0 35 

31967 

0,03 

0-35 

4.36 


321 33 

0.10 

O 50 

4 30 

0 86 

324.69 

0.73 

0.75 

4.64 

0 83 

320 85 

0.50 

1 .OO 

5 05 

I . IO 

316 30 

1.00 

2.80 

4-75 

• 23 

3 * 8.71 

2 .50 

5 -to 

5 00 

I 47 

3*1 H 

4 00 

7 37 

5-57 

I 67 

311 1* 



Table VII. 



0.00 

6. *5 

34 65 

5 87 

341 32 

0 05 

7.20 

3 * 33 

4 30 


0 .JO 

930 

31 76 

2 40 


0.25 

12.55 

30.88 

2 . IO 

335 «0 

0 50 

14.10 

30 65 

3 .60 


I 00 

15 50 

3 < 75 

3-10 

33069 

2 

ift 03 

3 » 79 

2 65 

3 to .65 

500 

14 00 

31 80 

3 00 


Table* VIII and IX 

—Effects of Increasing Amounts of Isobutyric Awirhvor 

upon the Aero Hydrolysis of Gelatine and Fibrin, Respectively. 



Table VIII. 



Actd in voluble 


Acid wtubte 



lutmio 

AesoiobU 

btimja 

Total 4 I 7 AOO 

Aklebyd* u*ed 

Cc. 

nitrogen 

nitrogen. 

ait wgea 

nitrogen. 

M* 

Mg, 

M*. 

Mf 

O OO 

O. *2 

4 5* 

0-35 

3*9 67 

0.05 

0 2 7 

4 4 <i 

> .11 

3 »o 50 

0.10 

9-33 

4 >5 

1 .40 

320 60 

o.aj 

9-55 

4 53 

1 .40 

3 * 9.77 

0.50 

O.74 

4.06 

I 41 

320 77 

I OO 

0 80 

4 6 5 

I 70 

314.OO 

* 50 

a 57 

5 -31 

2 .08 

31a .as 

Soo 

3 sj 

6,oj 

I .80 

/ 307 . 7 

Table IX. 


i 307 .»4 



000 

6.45 

34 ®3 

5«7 

341 . 3 a 

0.0$ 

7 37 

31 7 ° 

6-35 

338 43 

0 10 

9.43 

JI .66 

5 ,«» 

337 - »8 

0*5 

u *3 

jooo 

4 .*S 

348.41 

0.30 

> 3-37 

30.00 

4-33 

33a ,10 

1. 00 

* 7.97 

30.93 

4 55 

328.50 

* s° 

ttf.80 

i» oo 

4 »S 


5 00 

*3.10 

SO 8j 

4 00 

4 . 
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Discussion. 

The general reaction of formaldehyde upon these proteins has already 
been discussed in the paper by Gortner and Holm, 1 
Benzaldehyde gives an entirely different reaction. If benzaldehyde 
is added to gelatin or fibrin in a 20% hydrochloric acid solution and al¬ 
lowed to stand, a dark blue color develops in the case of the fibrin but 
only a faint blue color in the gelatin solution. This is undoubtedly the 
blue color produced by benzaldehyde and tryptophane in an acid solu¬ 
tion, and serves as an indication of the presence of this amino acid. We 
believe that this reaction may be developed so as to serve for the quanti- 



Fig. 1 

Graph showing the insoluble humin nitrogen cm ves for Tables 1 to IX inclusive. 

I. 'Fibrin-formaldehyde curve. V —Gelattne-brazaldefcyde curve. 

II. -FibHn-benMldehycle curve VI -Gelatine-formaldehyde curve. 

e!™' bUly ' iC aldehyde curve Vi I—Gelatine-butyric aldehyde curve. 

IV. F»brin-«obutync aldehyde curve VIII - -Gelatin* isobutyric alrfehydr curve. 


tative estimation of tryptophane colorimetrically, but the fi n a l experi¬ 
ments on this work have had to be delayed until the humin work reached 
a point where it could be suspended for a time. If a solution of fibrin 
“ 2 ° % hydr(x h[oric acld « hydrolyzed, a black humin 
, .. nwd W>th ^ased amounts of benzaldehyde there is an increase 
in the amount of insoluble humin hut no increase in ammonia or soluble 
1 Lm tu. 
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bumin. The insoluble humin rises to a constant value {see Curve II, 
Fig, 1) at which point a dark plastic mass floats in the benzaldehyde 
layer upon a remaining light straw-colored hydrolysate. Gortner 1 has 
shown that when fibrin is hydrolyzed with hydrochloric acid in the pres¬ 
ence of benzaldehyde a large percentage of the nitrogen of both trypto¬ 
phane and tyrosine remains in the “acid-insoluble” bumin. Tire insolu¬ 
ble humin at the maximum point in this case therefore is undoubtedly 
derived from the tryptophane and tyrosine present in the gelatin and 
fibrin. 

Gortner and Holm* have already shown that the insoluble bumin ob¬ 
tained in the presence of formaldehyde is derived almost exclusively 
from tryptophane so that by utilizing both the formaldehyde and benzalde¬ 
hyde data one may estimate at hast the minimal tryptophane and tyrosine 
content of a protein. Thus in the case of fibrin our data indicate a con¬ 
tent of 3.47% of tryptophane and at least 6 .13*7 of tyrosine,* while in 
the case of gelatine 3 the \alucs arc o 035' ( and 0.47*7. respectively. 

In the case of formaldehyde the decrease in a amino nitrogen is proba¬ 
bly due to formation of methylene linkages. Probably no such reac¬ 
tion occurs with benzaldehyde as may be seen in the case of gelatin hy¬ 
drolyzed with an excess of tjenzaldehyde. The total amino nitrogen value 
remains practically constant. In the case of fibrin, however, the decrease 
in amino nitrogen is slightly more than can lx- accounted for by the removal 
of amino nitrogen through the formation of insoluble humin, when we 
attribute the formation of the humin to tryptophane and tyrosine. The 
data at present are insufficient to explain the slight additional decrease 
of amino nitrogen above that which is removed through the formation of 
humin. 

The effects of acetaldehyde, butyric aldehyde and isobutyrie aldehyde 
ore somewhat similar. Acetaldehyde polymerized (?l readily in arid 
solution forming large masses of black amorphous material, In the case 
of gelatin it was possible to gain some idea of the amount of nitrogen in 
this black amorphous substance, while in the case of fibrin even small 
quantities of acetaldehyde produced such a large bulk of this amorphous 
material that no systematic study could be made. The difference in the 
amounts of "insoluble humin" formed by acetaldehyde with gelatin ami 

1 Lac, cil. 

1 The figures for tryptophane are, we believe, a very accurate measure erf the 
quantity of this amino acid which is present m the protein The figures for tyrosine, 
on the other hand, are, in all probability, minimal values, for there appears to be a 
solubility factor, and possibly also an adsorption factor involved. We have, not yet 
studied these phenomena in detail. 

* Gelatin is supposed to contain neither tyrosine nor tryptophane. Possibly these 
amino acids are absent from extremely pure gelatin, but we have as yet found no sample 
from which we believe either amino acid to be entirely absent. 
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fibrin however, that the reaction is not a simple polymeriza¬ 

tion with simultaneous adsorption or occlusion of amino adds, bat that 
other r eacti ons are involved. As yet no means of identifying the nature 
and extent of these reactions has been devised. Butyric and isobutyric 
aldehydes, like acetaldehyde, formed black, insoluble residues when boiled 
in a 20% hydrochloric add solution, but do so much less readily than does 
acetaldehyde. Their effect upon the hydrolysis of gelatin and fibrin is 
apparently somewhat analogous to that of benzaldehyde. They affect 
chiefly the add-insoluble humin, increasing it to an approximately con¬ 
stant value, forming a dark layer floating upon a straw-colored solution. 
The effect in the case of gelatin shows the part that polymerization plays 
in increasing the insoluble humin nitrogen. With benzaldehyde this 
fraction remains constant but with butyric and isobutyric aldehydes it 
increases very slowly with increased amounts of aldehyde, but the in¬ 
crease is far from the amounts and proportionalities it should maintain 
if it were purely a chemical reaction. In short, the behavior of acetic, 
butyric and isobutyric aldehydes resembles more or less closely that of 
furfural, which Gortner 1 has already studied, reaching the conclu¬ 
sion that, inasmuch as both physical and chemical reactions are involved, 
no exact interpretation of the humin nitrogen figures can be made. 

Difficulty was experienced in the determination of the a-amino nitro¬ 
gen in hydrolysates where acetic, butyric and isobutyric aldehydes had 
been used. There was always a tendency to a formation of large amounts 
of gas when aliquots were treated with nitrous acid in the Van Slyke* ap¬ 
paratus. This may be accounted for by a small amount of aldehyde 
which may remain in loose combination with the amino adds and when 
treated with nitrous add forms some non-absorbable gas. That all the 
gas evolved upon treatment with nitrous add is not nitrogen and oxides 
of nitrogen is shown by the fact that the gas from samples of hydrolysates 
in which acetaldehyde, butyric or isobutyric aldehydes had been used would 
not come to constant volume over water for several hours, after the evolved 
gases had been shaken with the fresh alkaline permanganate. 

These results, in so far as humin formation is concerned, only serve to 
confirm our conclusions which were drawn from the earlier data, ». 
that “the formation of black arid-insoluble humin in a protein hydrolysate 
is due to a combination of tryptophane with some as yet unidentified alde¬ 
hyde or ketone, and that the only part which any of the other known 
a min o adds have in humin formation is to (perhaps) furnish some of their 
nitrogen to the humin fraction through either adsorption or occlusion.” 
It may appear to some that the accuracy of this statement depends largely 

1 Lee. dt. 

* D. D. Van Slyke, "The Quantitative Determination of Aliphatic Ami™ Groups. 
H,” /, Bid. Chm., u, 275-284 (1912). 



ORIGIN OF BUM IN. IV. 


639 


on the nature of the hypothetical aldehyde or ketone which we postulate 
must be present (or formed) in a protein hydrolysate before htunin forma¬ 
tion can take place. Thus from the above data it would appear proba¬ 
ble that if the hypothetical aldehyde or ketone present in a protein prepara¬ 
tion were similar to formaldehyde the acid-insoluble humin will be de¬ 
rived solely from tryptophane, excluding a small but negligible amount 
of other amino acids, not chemically concerned in humin formation which 
may be adsorbed on the tryptophane humin. If, however, the hypo¬ 
thetical compound were an aromatic aldehyde or one of the aliphatic 
aldehydes (other than formaldehyde) it would appear that both trypto¬ 
phane and to a certain extent tyrosine should be involved in acid-insolu¬ 
ble humin formation. 1 All that we know of the nature of this hypo¬ 
thetical aldehyde is derived from experiments which have already been 
reported where tryptophane was added to zein, by Gortncr and Blish* 
and to gelatin, by Gortner and Holm, 5 respectively. In the zein 
experiment figure 1 g. of zein hydrolyzed alone yielded o 7 mg. of humin 
nitrogen; hydrolyzed m the presence of 0 125 g. tryptophane, it yielded 
7.7 mg. of humin nitrogen, and when o 25 g. tryptophane was added 
7.0 mg. of humin nitrogen was obtained, showing that the unknown 
component of the protein had been exhausted by the addition of 0.125 g- 
tryptophane so that none remained to react with a larger amount of trypto¬ 
phane. Osborne and I.iddle 1 have found 3 55% of tyrosine in zein, so 
that it is obvious, in the light of our present knowledge, that tyrosine 
plus the hypothetical aldehyde of zein cannot produce any appreciable 
quantity of black, insoluble humin, but that tryptophane plus the unknown 
factor docs produce such kunun. 

In the gelatin experiment 3 g, of gelatin hydrolyzed alone gave 0.25 
mg. of insoluble humin nitrogen. When o 10 g. of tyrosine was added 
0.20 mg. of insoluble humin nitrogen was found, but when 0.075 g- of 
fiyptophane was added the insoluble humin nitrogen amounted to 3.05 
mg. Thus in both zein and gelatin the unknown factor in humin forma¬ 
tion reacts only with tryptophane and not with tyrosine in forming humin 
nitrogen. In other words, its acts very similar to the formaldehyde of 
our experiments. For this reason we believe that, of the amino adds, 
tryptophane only furnishes any appreciable part in the formation of the 
black add-insoluble humin. 

1 Formaldehyde does not differ radically from the other aldehydes for here the 
greater part of the humin formed by tyrosine is estimated in the "arid-soluble humin*' 
fraction, that is, it is soluble in arid but relatively insoluble in the presence of aUriwn 
hydroxide. 

* toc. cii. 

• T. B. Osborne and l. M. Uddle, "Notes on the Analysis of Edestin and Zein ” 
Am. J. Phyiui., *6, 995-404 (1910). 
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Summary. 

In the experiments reported in the preceding pages fibrin and gelatin 
Were hydrolyzed in the presence of formaldehyde, benzaldehyde, acet¬ 
aldehyde, butyric aldehyde and isobutyrie aldehyde with especial refer¬ 
ence to the formation of the black, insoluble humin of protein hydrolysis 
and with incidental reference to the formation and composition of the 
“soluble humin” and the "ammonia” fractions. The following conclu¬ 
sions are evident; 

1. The data in those experiments where formaldehyde was used con¬ 
firm the earlier conclusions of Gortner and Holm.' 

2. When proteins are hydrolyzed in the presence of increasing amounts 
of benzaldehyde the acid-insoluble humin nitrogen rises rapidly to a max¬ 
imum and the reaction appears wholly chemical. This increase is un¬ 
doubtedly due to the presence of both tryptophane and tyrosine, since 
fibrin and gelatin both give an increase in insoluble humin nitrogen over 
the maximum insoluble humin nitrogen formed in the presence of formalde¬ 
hyde approximately equal to the sum of the increase of the insoluhle and 
soluble humin in the latter case. 

3. The “ammonia" and "soluble humin” are not significantly altered 
when proteins are hydrolyzed in the presence of benzaldehyde. 

4. The action of butyric and isobutyrie aldehydes upon protein hy¬ 
drolysis is analogous to the action of benzaldehyde with the exception 
that the former polymerize (?) readily permitting perhaps of some ad¬ 
sorption or occlusion of other nitrogen compounds 

5. Acetaldehyde polymerizes (?) too readily in acid solution to give 
consistent and reliable results. 

6. The total amino nitrogen in the filtrate from the soluble humin rapidly 
falls with the addition of increasing amounts of formaldehyde. This 
decrease is probably due to the formation of methylene linkages. On 
the other hand, hydrolysis in the presence of benzaldehyde, butyric an* 
isobutyrie aldehydes causes at the most only a slight decrease in the 
amino nitrogen figures over that which is removed by the soluble and 
insoluble humin. 

7. Our data confirm the conclusion that the formation of the black 
acid-insoluble humin in a normal protein hydrolysate (only protein and 
add present) is dependent upon the presence of tryptophane in the pro- 
tern molecule, and the only part which any of the other known amino 
adds has in such humin formation is to (perhaps) furnish an insignificant 
amount of nitrogen to the humin fraction through either adsorption or 
oedusion. 

$r Paul, Minn 
1 hoc. tot. 
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CARBON MONOXIDE A RESPIRATION PRODUCT. 

By Seth C. Langdon and Walter R. Gailby. 

Received December 29 , 1919. 

Id a paper presented by one of us* it was shown that there is present 
an average of 4% (by volume) of free carbon monoxide in the pneu- 
matoevst (t. e., the floater) of the giant Pacific Coast kelp Nereocystis 
leutkeana. 

This unique occurrence of free carbon monoxide within a living plant 
at once raised the question as to its origin. The intimate chemical re¬ 
lation of carbon monoxide to formaldehyde and formic acid had long ago 
suggested its possible relation to photosynthetic processes. On the basis 
of the physiology and structure of the plant there were grounds for the 
consideration that the carton monoxide might be a product of respiration. 

The possibility of its formation due to the action of enzymes or to proc¬ 
esses of decay was the first point investigated. Finely ground kelp was 
allowed to undergo autolvsis in contact with sea water and the gases 
evolved were examined No carbon monoxide was formed, but the gas 
consisted almost entirely of 
carbon dioxide and hydro 
gen. 

The next step was to de¬ 
termine how rapidly car 
bon monoxide was formed 
within the living plant. 

The method of work and 
the subsequent discussion 
will be made more clear if 
preceded by a brief descrip¬ 
tion of the plant. 

Pig. i shows the plant as 
it rests almost submerged 
in the sea water, but an¬ 
chored to the rook bottom 
ami supporting the stream¬ 
ing fronds from the top of 
the boHow gas-filled stipe. 

The plants vary gTeatly in 
size; individuals are often 
80 to 100 feet in length and 
contain several liters of gas, usually at reduced pressures.* The inside of 
the gas cavity- is relatively quite dry and is lined with a delicate wcb-likt 
1 Lunation, Tuts Journal, 39, 149 (1917). 

* Frye, Sound Marine Sta. Pub., 1, By (1916) 
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gtrocture, known as sieve tubes. The plant will withstand a great deal of 
mutilation and still continue to live and grow if kept in sea water. 1 

It was found practicable to cut off the lower part of the stipe and in 
the upper part substitute a gas of known composition for that normally 
present in the pneumatocyst. The cut end was closed by a cork and the 
weighted plant submerged in the sea tied to a support as shown in Fig. a. 
After a suitable interval and changes in the composition of the gas were 
determined by analysis. 

In the first experiments, made primarily to determine the rate of forma¬ 
tion of carbon monoxide, air was substituted for the kelp gas. This was 
accomplished by filling the cut stipe with 9ea water and then emptying. 
This process, repeated 3 or 4 times, removed the small bubbles 
of the original kelp gas that tended to adhere to the delicate sieve tube 
lining of the interior. The cut end of the now air-filled stipe was corked 
and the prepared plant anchored near the surface of the sea as pre¬ 
viously described. 

Analyses of the gases from a series of these cut and air-filled plants 
were made after various intervals of time. The typical data given in 
Table I show clearly the gradual formation of carbon monoxide. This is 
accompanied by a decrease in oxygen content and the appearance of 
carbon dioxide. The latter is undoubtedly due to processes of decay, 
since carbon dioxide is not present within the normal plant. In general, 
the cut and corked section of stipe remained sound enough to be tight 
for a week or ten days, although evidence of local decomposition was ap¬ 
parent. 

The production of carbon monoxide when the stipe was filled with air 
was confirmed by a large number of determinations with different speci¬ 
mens. In most cases it appeared in quantities greater than 1%. Car¬ 
bon monoxide was formed by sections cut from any part of the hollow 
stipe if these were filled with air, corked and similarly suspended in the 
sea. The leaves, more properly called fronds, seemed to bear no relation 
to the formation of the carbon monoxide for it was produced just as readily 
in specimens from which the fronds bad been removed. 


Time, start, 
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Table l. 

Analyses of Gases in Air-Filled Stipes. 
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In all of the experiments detailed above, the test specimens, while 
anchored in the bay, were exposed to the light daring the long summer 
day. The next step was to determine if the carbon monoxide would be 
formed in the dark. 

For thjs purpose boxes were constructed which were light-tight but 
which would allow a ready flow of water tlrrough them. These boxes 
were one foot square and 18 feet long. The ends were closed by light 
traps, the baffle boards of which were inclined in the direction of flow of 
the water as shown in Fig. 3. The lids were light-tight. All holes and 
cracks were dosed with pitch and the whole iuterior was painted a dead black- 



Direction of Flow. —► 

Fig- 3. 


Tlie Iwxes were weighted so as just to float; the waves washed entirely 
over them except when the water was perfectly quiet. They were an¬ 
chored in the bay (Friday Harbor, Wash.), where the tidal currents 
are heavy so that at almost all hours of the day there was a flow of water 
through them. They were large enough to hold several specimens with¬ 
out materially impeding the flow of water. 

In the first experiment the top foot and a liaif of stipe from the kelp 
was filled with air by displacement, as previously described, then corked 
and ptaced in sea water in the dark boxes, the fronds being removed 
from half of them. After 5 days in the dark the gas was analyzed, AH 
specimens showed carbon monoxide The range was from 0.4 to 1.7% 
with an overage of 0.7% of carbon monoxide. The 209^ of oxygen 
in the air with which they had been originally filled had practically dis¬ 
appeared and there was about 4% of carbon dioxide. The oxygen was, 
no doubt, used by respiration and decay processes. 

This data was checked by repeated similar series of experiments and 
it was made certain that in the dark as well as in the light carbon 
monoxide was formed regularly in the air-filled sections of the stipe, and 
that there was no relation between its appearance and the presence 
or absence of the fronds. 

An analogous appearance of carbon dioxide and lowering of the Oxygen 
content was shown when unmutilated plants were kept for some time In 
the dark. The experiment and results are as follows; Twelve whole 
plants were carefully collected from the same bed. Precautions were 
taken to avoid in any way disrupting the gas cavity. The gas from 6 
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|t'$fcwn was analyzed at once and showed an average of 15% of oxygen, 
3,2%, of carbon monoxide and no carbon dioxide, the unabsorbed resi¬ 
due being nitrogen. The 6 other plants were placed intact in the dark, 
boxes and after being anchored out in the tidal currents for 6 days showed 
the following average gas composition. Oxygen 4. 7%, carbon monoxide 
2.9*0 and carbon dioxide 0.5'^. There was thus a marked decrease 
in the oxygen content, an appearance of carbon dioxide, which is not 
present in the plants when freshly collected, while the carton monoxide con¬ 
tent was practically unaltered. These changes in the oxygen and carbon 
dioxide content produced by stopping photosynthetic action for a pro¬ 
longed period throws interesting side-lights on the gas exchange equilibria 
within the living plant. The formation of the carbon dioxide on pro¬ 
tracted standing in the datk shows that gaseous respiration products 
certainly do find their way into the interior cavity of the plant. Whether 
Of not these gases bear only an incidental relation to tire metabolic proc¬ 
esses of the kelp has not been determined but should prove a fruitful 
field for research. 


The substitution of gases other than air for those normally present was 
next undertaken. 

As a result of more than 40 carefully executed exjxsriments, in which 
nitrogen was substituted for the kelp gas, it can to confidently stated 
that no carbon monoxide was jormed, either in the light or in the dark, 
either when the fronds were present or when they had been removed, 
or at any intermediate time between the initial filling with nitrogen and 
the 8 to 10 days that elapsed before decay had become so pronounced 
that observation could 110 longer be made It should be remarked that 
carbon dioxide was formed to the extent of several per cent., even though 
there was no oxygen present. 

Nitrogen prepared by 3 different methods was used. First, by heat¬ 
ing ammonium chloride and potassium nitrite, then washing through 
alkali and then cone, sulfuric acid. .Second, from air by absorbing the 
oxygen in alkaline pyrogallol. Third, the commercial product obtained 
from the distillation of liquid air, ’Phis last contained a little more than 
a half of me per cent, of oxygen. The character of remits was the same 
for the nitrogen, irrespective of the source. 


Similar experiments were carried out in which hydrogen was substi¬ 
tuted for kelp gas. The i 5 determinations made showed no formation 
of carbon monoxide within 5 to 7 days, either in the light or in the dark. 
Here as m the case of the nitrogen filled kelp several per cent. {1% to 
9 /c) of carbon dioxide was formed. It should be remarked that there 

ZlfTT a T kcd redmk,n in P***""* hydrogen filled kelp This 
•mounts to an absorption or an outward diffusion of the hydrogen. The 
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whole relation of hydrogen ill this connection deserves a more exhaustive 
study. 

The hydrogen used was from two sources: first, the action of dil. sulfuric 
acid on the so-called arsenic-free zinc, and, second, electrolytic hydrogen. 

A number of sections of kelp stipe were filled with a mixture of nitrogen 
and oxygen. The gas was 15 2% oxygen and the remainder nitrogen. 
After 6 days’ anchoring out in the sea water carbon monoxide had formed in 
all cases, the quantities ranging from o 8 <r [ to 2 i'T The oxygen 
content had decreased and some carbon dioxide was formed just as in the 
case of the kelp that had been filled with air. Similar results were ob¬ 
tained when a mixture of hydrogen and oxygen was substituted for the 
gas originally present in the kelp. 

The kelp withstands exposure very well and can remain hours or even 
days out of water and will resume normal activity when returned to the 
sea, that is, if not too severely sun burned or desiccated Tightly corked 
air-filled sections of stipe were found to produce carbon monoxide, either 
in the light or in the dark, when simply exposed to the air These plants 
were still alive, although local decay soon set in. When the substituted 
gas was nitrogen or hydrogen no carbon monoxide was formed. It ap¬ 
peared only when free oxygen was within the gas cavity. 

That the formation of carbon monoxide takes place only within the 
living plant was shown by its complete failure to be formed in the air- 
filled stipes of kelp that had been killed Some of the plants were killed 
by immersion for 10 minutes in sea water at 50°; others by being placed 
in o 02 A' copper sulfate solution for 18 hours These filled with air or 
other gas mixtures containing oxygen failed to produce carbon monoxide 
whether in the sea water or exposed dry to the air 

Conclusions. 

The several per cent, of free carbon monoxide which occurs in the floater 
of the giant Pacific Coast kelp, S’rreoeystis leutktana, is considered to be 
a respiration product (or the following reason- It forms only when 
oxygen is present within the floater; it forms as readily in the dark as in 
the light; is not formed by enzyme or fermentation process when the sub¬ 
stance of the plant undergoes autolvsis and decay, and is dot formed 
In kilted plants. 

The kelp, Nereoeystts kniktana, seemed to be remarkably well adapted 
to research on the gas exchange of living cells By the use of the very 
refined methods of gas analysis some very' interesting and valuable in- 
formation might be gained as to the mechanism of plant processes. It is 
possible that traces of hydrogen, carbon monoxide, or other gases, not re¬ 
vealed by the technical analytical methods used in this work maybe 
playing unsuspected and perhaps important roles in plant processes. 

Conditions have now arisen which make it highly improbable that either 
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present authors will pursue this investigation farther, and if is with 
regret that we leave this field to other workers. 

tins r esear ch was carried out during the summer of 1917 at the Puget 
dound Marine Station, at which time the authors were associated with 
the University of Washington. 

Summary. 

1. The existence of several per cent, of carbon monoxide in the gas 
contained in the Pacific Coast kelp, Nereocystis luelkcana, is confirmed, 

2. The substance of the kelp, when ground and allowed to undergo 
autolysis and decay does not form carbon monoxide by enzyme action or 
fermentation process. 

3. Kelp plants, in which the gas normally present within the floater is 
replaced by air, form several per cent, of carbon monoxide within a few 
days. 

4. The formation of carbon monoxide takes place only when oxygen is 
present as one of the gases within the floater. No carbon monoxide is 
formed when the floater is filled with hydrogen or nitrogen. 

5. Light does not affect the rate of formation of carbon monoxide. 

6. It is concluded that the carbon monoxide is formed as a product of 
respiration rather than as a intermediate step in photosynthesis. 

Evuwon. III. 

(CoimuBtrnoN from the Chemical Laboratory of the University or Illinois I 

A COMPARISON OF THE ACTIVITY OF CERTAIN UNSATURATED 
GROUPS WITH THE ACTIVITY OF THE ALLYL 
GROUP IN CERTAIN ETHERS.* 

By S. G. Powell with Roger A lams 
Received January 7 , 1«0 

It has long been an established fact that the ally! group is bound only 
very loosely to oxygen, nitrogen, sulfur, or halogen. As examples of the 
mobility of the ally! group may be mentioned the ease of rearrangement 
of allyl thiocyanate to allyl isothiocyanate, 5 the great reactivity of allyl 
halides,* the readiness with which the allyl group is eliminated from 
certain nitrogen compounds 4 and the rearrangement of O-allyl acetoacetic 
ester or O-allyl acetylacetone* into the corresponding C-substituted 
compounds. The most striking example, however, is the quantitative 

* Ttus communication is an abstract of work done by S. G. Powell in partial ful¬ 
filment of the requirements for the degree of Doctor of Philosophy is Chemistry at the 
University of Illinois. 

* Ber ., 8, 464 (1873); /tun , 178, 89 (1875). 

* J . Chem Sor , 97, 416 (1910). 

yisrf., 57, 767 (1890); 104, 39 (1913); Ann ., 38s, i (1911); Bet ., 33, 1438, 9728 
U900), 

* 5 «r., 45,3137 (191 j). 
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rearrangement of aHyl phenyl ethers into o-aHyl phenols. 1 This reaction 
has already proved itself to be a most useful one and has invited the at¬ 
tention of many investigators. 1 A theoretical explanation, however, 
of the activity of the allyl group bas never been given. 

The object of this research was to explain the phenomenal mobility of 
the allyl group. As the first point of attack, a determination of the exact 
structure which leads to such activity was undertaken and the results 
are described in this communication. The investigation was started 
by comparing other unsaturatcd groups with the allyl for the purpose of 
discovering (1) whether a C = in any other position besides 
the Py, and (2) whether any other unsaturated linkage in the Py 
position, would be just as effective in producing a mobile group as a C»C 
in the same position. Since the rearrangement of the allyl phenyl ethers 
to a allyl phenols merely by heating to the boiling point for a short time 
is such an extremely smooth reaction, the rearrangement of other un¬ 
saturated phenyl ethers was attempted. The results of this work have 
shown that none of the following ethers rearranges under the same condi¬ 
tions as the allyl phenyl ethers: ROCH = CHj, ROCHjCH*CH ®CH|, 
ROCH,OCH, ROCHtCN, ROCH.R; where R stands for a phenyl 
or substituted phenyl group. 

In a German patent* covering ally! phenyl ether rearrangements, it is 
stated that the compounds, ROCH = CH,, ROCH(CjHi)*, rearrange, 
but no experimental details are given. It is likely that these statements 
were made in anticipation of what might take place, as the results of this 
work indicate no rearrangement in these compounds. When phenyl 
vinyl ether was refluxed for u hours there was no change. When this 
substance was heated in a sealed tube for 12 hours at 260-280°, there 
was only very slight decomposition with tlie formation of phenol. The 
p-tolyl-vinyl ether, upon heating in a sealed tube to 230° did, to be sure, 
decompose, but the chief reaction product was p-eresol. Moreover, heat¬ 
ing the same compound for 2 hours at its boiling point (177°) yielded 
chiefly p-cresol along with tarry products. 

The 3 substances, C^H s dCH,CH,CH~CH s » QH.OCHjCH^H- 
CHCHj, C*H»OCHrCHiC = C(CH,'j,, were next studied. All of them 
proved to be remarkably stable, for after 12 hours refluxing neither rear¬ 
rangement nor decomposition had taken place. 

On the other hand, phenyl-propargyt ether and p-bromophenyl- 
propargyl ether were found to be very unstable. Refluxing brought 
about complete decomposition within 2-3 hours, giving tarry mixtures in 

* 4 **., 401, 21 (totj); 418,69 (1919). 

* Btr., 4S, tjifi Tms Jouhnac, 39, 220a (1917); 4*, 634 (1919); Awn., 

4 * 4 » *40(1918). 

* D R P. afeR.ocw. frtfl.. iB« U 9 **-i 4 ). 
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•each case. Even in amyl ether (b. p. 170°) as a solvent, extensive de¬ 
composition took place. In none of the rearrangement experiments 
was alkali soluble material found, 

Of the ethers with a C^N linkage in the position, the following 
were chosen for study: CellsOCIIjCN and p-CHiC 6 H<OCHsCN. Al¬ 
though the former showed some decomposition, after 15 hours refluxing, 
the latter upon 24 hours heating set to a solid brittle tar. When amyl 
ether was used as a solvent, yen' little deconip'sitimi occurred, a small 
amount of f-cresol being obtained. 

Finally, the benzyl ethers were investigated, and as they arc very sim¬ 
ilar in structure to the ally 1 ethers, the expectation was that they would 
rearrange Of these, benzyl phenyl ether, benzyl tolvl ether, and several 
of their nitro and brotno substitution products were studied In no case 
did rearrangement take place. It was found that undoubtedly the link¬ 
age between the benzyl group and the owgcn is a weak one, but the chief 
products of the decomposition are not dipbcnvlmethane, but ltenzene 
and toluene derivatives. The nitro coinjv'iuicls in general decompose 
rapidly and the bromine derriatives bleak down completely with the 
evolution of hydrobromic acid 

In connection with the study of the benzyl ether-., it is interesting to note 
the results which have been obtained by previous investigators on the 
comparative ease with which the benzyl and allvl compounds decompose 
or react. Clarke 1 has found by a study of the reaction between various 
bromides and pyridine that benzyl bromide is nearly 5 tunes as active as 
ally! bromide. On the other hand, von Braun 5 studying the quaternary 
ammonium halides discovered that in every ease allvl chloride would 
split off in preference to lienzyl chloride and both of them far more easily 
than alkyl or aryl chlorides. Thus it is obvious that in certain reactions 
the benzyl is more reactive than the allvl and in other cases less reactive. No 
definite results on this point were obtained by a study of the phenyl ethers. 

In conclusion, the rearrangement of phenvl ethers is not a suitable reac 
tion for the study of the comparative reactivity of various unsaturated 
groups. It is possible that satisfactory results can be obtained by a study 
of the rearrangements of derivatives of O-acetoacetic ester to C-aceto- 
acetic ester or of the decomposition of the quaternary' ammonium halides 
as investigated by von Braun. It is even possible that the rearrange¬ 
ments of the thiocyanates to isothiocyanates is a field in which various 
unsaturated groups may be comjxired. 

Experimental. 

Phenyl-Vinyl Ether, CtHtOCH * CHi.—This substance was pre¬ 
pared by the action of solid sodium hydroxide upon plicnyl-0-brorao 

1 J . Chfm. Soc , 97, 416 (191 oj . 

* Ber., J3,1438, 3728 (1900); Ann., 38a, 1 (1911). 



ACTIVITY OP Tub AI.I.YI. GROUP. 649 

ethyl ether. 1 It boils at 155 -156°. Twenty g. of this product was re¬ 
fluxed for 12 hours and then distilled. No decomposition had taken 
place. In a second exfxriinent, 20 g. was heated in a sealed tube at 
260-280° for 12 hours. The product took on a light brown color. On 
distilling, most of the product boiled at 155 165° and was without ques¬ 
tion unchanged ether; a small lower fraction, levs than one g., had a strong, 
piercing odor but was not identified, while a high boiling fraction of about 
4 g. was shown to !x- phenol. 

p-Tolyl-Vinyl Ether, CH,C*H<l>CH = CH,i. -This substance was 
made in a similar manner to the phenyl vinvl ether using p eresol in place 
of phenol. The intermediate p toly! s bromoethyl ether 5 lias already 
Immji descrilxd and is a colorless ciystaJline solid melting at 40° and boil¬ 
ing at 251-255'. To piep.ue tlic \inyl ether, 100 g. of the bromo com¬ 
pound is mixed uitii 200 g of powdered sodium hydroxide in a 500 cc. 
copper flask and distilled Horn an oil hath at 250-300 4 . The distillate 
is extracted with a small amount of etlu-r, the ether solution dried over 
sodium sulfate, and then fractionated The /Molyl-vinyl ether is a color¬ 
less, mobile liquid with a pleasant odor, b. p. 177-180°, it™ 1.513, D^| 

u ( >'o- 

■subs , o j >04 C< >j. o 7370, 11,0, r> ifun 

C.iU far C\H. M t,.v>6 H 7 s f'our.l C 803, H, 7 2 

Twenty g. of this sab-t.uice vu- heated f«r 10 hours in a scaled tube 
at 230°. Upon e*> ding the product. was a dark reddish brown, tarry sub¬ 
stance which was dissolved in ether and this solution then extracted with 
10'e sodium hydroxide solution. It was found that the alkali contained 
a considerable jMition of />-eresol The alkali insoluble products were 
tarry in nature and no definite substance could lx- obtained from them. 
Even upon merely refluxing for 2 hours, the p tniyl vinyl ether decom¬ 
posed to give f eresol auel high Ixnhng, dark colored, alkali-insoluble 
material. 

An attempt was madi to prtpaie the p-bromopheny 1 -vinyl ether first 
by the action of alkali upon the f-bromophenyl ^-bromoethyl ether,* 
and second bv the det mnjiosition of d p-bromophcnoxy-cthyl-trimethyl 
ammonium bromide. Neither of these methods gave tlie product that 
was desired. The p broinophenyl-d-bromoethyl ether gave deep-seated 
decomposition upon heating with alkali. 

fl-p-Bromophenoiy-ethy 1 -trimethyl Ammonium Bromide, BrC*EU- 
OCHiCH»(CH*)iNBr.—This substance is formed by heating 56 g. of 
p-bromophenyl-d bronuxtlo l ether in a sealed tube at ioo° for 12 
hours with excess of a methyl alcohol solution of trimethylamine. Upon 
1 Bet., 43, 2178 (iw). 

iSfl (iS 9 «). 

• J. Btol. Ckem , it, +j<» ' *9*5)- 
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cooling, the contents of the tube are a mass of white crystals which are 
washed with dry ether to extract unchanged p-bromophenyl-d-bromo- 
ethyl ether. The quaternary ammonium compound is purified by dis¬ 
solving in absolute methyl alcohol and reprecipitating with absolute 
ether. 

Subs., 0.9466; 98.5 cc. 0.1 y AgNO». 

Calc, tor CuHnONBr: Br, 33.6. Found: 34.0. 

This substance is treated with excess of silver oxide in water solution, 
the silver bromide filtered and the solution evaporated to a small volume 
on a water bath. The sirupy residue is then distilled with a free flame 
but from the distillate no constant boiling fraction is obtained. 

Phenoxy-4-Butene-1, C S 1I 4 0CH 2 CH J CH=*CH ;I .—This ether has 
been prepared by the method of Braun 1 by the following series of reac¬ 
tions; 

QHjONa 4- Br(CH,),Br —+• C t H 4 0(CH 1 l,Br —► 

C»H t O(CH,),CN —► CeH,0(CH s )«NHj —*■ 

C 6 H»0(CHjbN (CHj)jOH —► C«H 6 OCH,CH 2 CH -CH*. 
The 7-phenoxypropyI bromide is readily made from the sodium phcnvlate 
and trimethylene bromide 1 and can be obtained in 65^ yields. This readily 
forms the cyanide in 75% yields. 3 The nitrile by the action of absolute 
alcohol and sodium gives 72% yields of amine hydrochloride* which 
with alkali gives free base. To convert the amine into the quaternary 
ammonium iodide, then the hydroxide, and finally the ethylene com¬ 
pound, 70 g. is dissolved in one liter of methyl alcohol and mixed with a 
solution of 75 g. of sodium hydroxide in 200 <c. of water. To this mix¬ 
ture 216 g. of methyl iodide is added slowly. Too rapid addition of the 
iodide will result in a large portion of the material being thrown out of 
the top of the condenser. The mixture is refluxed for 8 hours, then al¬ 
lowed to cool when the quaternary ammonium iodide separates out in 
shining flakes, m. p. 168 0 . From 77 g. of the quaternary ammonium 
iodide in 300 cc. of water, and an excess of silver oxide, a solution of the 
corresponding quaternary ammonium hydroxide is obtained. This is 
filtered from the silver iodide and evaporated almost to dryness on the 
water bath, then distilled in a small distilling flask with a free flame. The 
distillate consists of phenoxv-4-butene-1 and y-phenoxy-butyl-dimetliyl- 
amine. By shaking the distillate with ether and then with dil. hydro¬ 
chloric acid to extract tiie amine, an ether solution of the ethylene com¬ 
pound is obtained. This is dried over sodium sulfate, the ether removed 
and the residue fractionated, A colorless liquid, b. p. 309®, is produced. 

1 Ann.. 381, 34 (1911); Ber ., 44, 3699 (1911). 

* Btr., 34,3631 (1891). 

•Ibid. 

• Ibid ., 34..H3' (1891); 39,4119 (1906). 
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The 7-phenoxy-butyl-dimethylamine may be used over again for the pro¬ 
duction of the quaternary ammonium iodide. 

Twenty g. of phenoxy-4-butene-1 was refluxed for 48 hours. The tem¬ 
perature remained constant at 209 0 and a distillation showed that no de¬ 
composition had taken place. Even after heating in a sealed tube for 
5 hours, at 250-270 0 no decomposition took place. 

Phenoxy-S-Pentene-2, C«IltOCHiCIliCH = CIICII». — This substance 
has already been prepared by the action of the sodium phenylate 
upon 1,4-dibronio-pentane. 1 Since, however, the dibalide is a difficult 
substance to obtain, a new method was used for the synthesis. This 
consisted in the following senes of reactions 
C«H t O(CHj)»Br —*• C.fEOfClW.CIKCOCHdCOOC.IIs —*■ 

C t H 4 ()(CHi)iCOCH } —► 

CJfiOlCII.GCHOHCH, —► C«H s OfCH.),CHBrCH, —► 

C*HiO(CHj)tCH - CHCH*. 
Phenylfl-bromoethyl ether was prepared by the method described in 
the literature with slight modifications."- In a 5-liter flask fitted with an 
upright condenser, b6o g. (3 5 moles) of ethylene dibromide, 280 g. (3 
moles) of phenol, and 1000 cc of water were heated to boiling. To this 
mixture was added in portions of 35 cc. every half hour 500 cc. of 4 AT sod¬ 
ium hydroxide solution (2 moles); after all the alkali had been added, the 
mixture was heated 2 hours longer. Upon cooling, the lower oily layer was 
separated, washed with dil. sodium hydroxide solution and distilled. As 
soon as the ethylene dibromide had come over, the remainder of the ma¬ 
terial was distilled under diminished pressure and the fraction boiling 130- 
145° at 25 mm. collected. It solidified to a mass of white crystals, ra. p. 
33 0 , and amounted to 225 g. (.55% yield). The bromide was next condensed 
with sodium acetoacctic ester and the resulting compound split to the 
ketone.* The ketone was then reduced to the alcohol. 

y-Pheaoxy-propyl-methyl Carbiaol, C*II* 0 (CHt)»CH 0 HCH».—A 
solution of 36 g. of y-phcnoxy-propyl-mcthyl ketone in 30x1 cc. of ether is 
added to 250 g. of solium hydrogen carbonate mixed with 1000 cc. of 
water. The whole is cooled with ice and then 60 g. of sodium is added 
in small portions over a period of 36 hours, keeping the mixture cold at all 
times. When all of the sodium has been used up, the ether layer is sep¬ 
arated, washed with a saturated solution of sodium hydrogen sulfite to 

« J . Rtut. Pkyi . Ckem Set., 30, Safi (1898). 

* Btr .. 43,2178 (1900)- 

• The condensation of phftiyl-d-bronroctbyl ether with flcetoacetic ester and then 
suhseqocnt decomposition to the corresponding ketone has been carried oat in this 
laboratory in a research under the direction of l>r. Oliver Kamm. The details for the 
production of these compounds and their physical constants wfll be published in a 
communication soon to appear. 
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remo ve any unreduced ketone and dried over sodium sulfate. The ether 
is distilled off on the water bath and the residue fractionated under di¬ 
minished pressure. The portion boiling 160-165° at so mm. is collected 
and upon redistillation gives 27 g. (75% yield) of a colorless, viscous oil, 
boiling at 163° at 20 mm., «d 1 5 l2 3> 1 025. 

Subs., 0.3132, 0.2832; COt, 0.8376, 0,7560, H« 0 , 0.2673, 0.2376. 

Calc, for CtiHuO: C, 73.3,11, S 9. Found: C, 73 o; 72.8; H, 9.5, 8 9 

Phenoxy-j-bronio-2-pentaiie, C*HsO(CH 2 )iCHBrCH». - 36 g. of 

7-phetioxy-propyl-methyl carbinol is well cooled with ice and treated 
with 30 g. of phosphorus tribromide. After the addition, tile mixture 
is refluxed for 30 min. to complete the reaction and then poured into ice 
water. The oily layer is taken up with ether, the ether solution washed 
with dil. sodium hydroxide, then with water and finally dried over sodium 
sulfate. The ether is distilled off on the watci bath and the residue frac¬ 
tionated under diminished pressure. The crude fraction distilling at 
165-70° at 25 mm. is redistilled and yields 36 g. (75' [ yield) of a colorless 
oil boiling at 172 0 at 28 mm., «f,' 1 529, Dj" t 258 

Subs , 0.2760, Agllr, o 2093 

Calc for CiiHuOHr - Hr. 32 9 Komul 322 

Pkenoxy-}-pentene 2, CelljOCHjCIfjCII = CHCHj.—A mixture of 30 
g. of phenoxy-5-brom<»-2-pentane and 200 co. of a 10' { alcoholic potas- 
sium hydroxide solution is refluxed for 10 hours. At the end of this time 
the mixture is poured into water, the oil separated and taken up in ether. 
The ether is dried, distilled and the residue fractionated under dimin¬ 
ished pressure. The crude fraction from 122-130° at 25 mm. on red is 
dilation gives 14 g. yield) of a colorless oil toiling 132° at 32 mm., 

njj 1.5005, o 957. At ordinary pressures the substance toils at 
226°. 

Twenty g. of this ether was heated to boiling for 12 hours. 'Hie toil¬ 
ing point remained absolutely constant during the whole time and upon 
distillation at the end of this period showed that no decomposition had 
taken place. 

Phenoxy-5-methyl-3-pentene-2, C,H, 0 (CH*),CH »C(CH*)*,~This 
substance was prepared by the following series of reactions: 

C«H»0(CH»)jCOOCjH* —> C e H i O(CH,),C(OMgI){CH,), —w 

C«HtO(CH,),CH - CH(CHi),. 

Ethyl- y-phenoxy-hutyrate, C t H.O(CH,),COOQH,.-The y-pbenoxy- 
butyric arid was obtained by the acid hydrolysis of ft phenoxy’ -ethyl 
malonic ester.' A solution of 90 g. (5 moles) of 7-phenoxy butyric add 
in 500 cc. of absolute alcohol is saturated with dry hydrogen chloride and 
refluxed for 2 hours, Upon cooling, the reaction mixture is diluted with 

’ Ber ., 44.1507 (, 9 ,i). 
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Water, extracted with ether, the ether solution washed with dal. sodium 
carbonate solution, then with water and finally dried over sodium sulfate. 
Upon removal of the ether, the residue is fractionated under diminished 
pressure and the crude material boiling at 165-180° at 25 mm. fractionated. 
The pure ester boils at 170-173” at 25 mm., «d 1 491, i .048. 

Subs., 0.2834; COs, o 7200; HjO, o 1984 

Calc, for CuH ,« 0 , C, 69 2, H, 77 Found. C, 693, II, 7.8 

This same ester may be even more conveniently prepared by the action 
of alcohol and sulfuric acid upon -y-phenoxy-butyronitrile. 1 A mixture 
of 90 g. of the nitrile, 300 cr. of absolute alcohol, 100 cc. of cone, sulfuric 
acid is refluxed for 5 hours; upon cooling the mixture is diluted with ice 
and water and extracted with ether. Upon drying with sodium sulfate, 
distilling the ether and fractionating the residue under diminished pressure, 
the ester is obtained with the same boiling point descrilted above. 

Phenoxy-$-mcthyl-z-pentmc-2 , C*H» 0 (CHt):CH ■= CfCH*}*.—A sus¬ 
pension of 27 g. of magnesium in 400 cc. of dry ether is treated with 160 
g. of methyl iodide. The Grignard solution is then added drop by drop 
to a well-cooled solution of 104 g. of ethyl-7-phenoxy -butyrate in 300 cc. 
of dry ether. After all has been added, the mixture is allowed to stand 
overnight at room temperature. It is then poured on ice, acidified with 
hydrodUoric acid, the ether layer removed, washed with a little sodium 
hydrogen sulfite to remove traces of iodine, dried over sodium sulfate. 
After removal of the ether, the residue is fractionated and 2 main por¬ 
tions arc obtained, the larger one boiling at 137-8° at 25 mm. and the 
smaller boiling at 166-167° at 20 mm. This lower fraction is the com¬ 
pound desired. It boils at 241° at 745 ram , >1}? 1.505. The higher 
boiling fraction was not identified. 

Sub* , 0.2348; COj. 0.7584; II/), 0.2114. 

Calc, for C«HwO C, 81.8; H, 9 1. Found- C, Si 2; H, 9 2. 

Twenty g. of the ether was refluxed for 12 hours. The temperature 
remained constant throughout this period and upon distillation at the 
end there was no indication that any decomposition had taken place. 

Phenyl-propargyl Ether, C*H*OCHtC«CH. -This substance has 
already been prepared by the action of alcoholic potash upon phenyl-0- 
bromo-aliy) ether 1 and the phenyl-fl-bromo-allyl ether has been formed 
by the action of sodium phenylate upon fl-bromo-allyl bromide. In this 
research, however, it was found that phenyl-fl-bromo-allyl ether is much 
more readily formed by the action of sodium phenylate upon tribromo- 
hydria. 

Pkmyl-^-bTomo-allyl etker, CaHtOCHjCBr’-CH*.—In 300 cc. of abso¬ 
lute alcohol 24 g. of sodium is dissolved and then 94 g. of phenol added 
1 Her., *4, 2632 (1891). 

* Beit. tec. dWm., 40, 324 (i88j). 
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to the hot solution. To this mixture 135 g. of tribromobydrin is grad¬ 
ually added. A very vigorous reaction takes place immediately with a 
copious precipitate of sodium bromide. The alcohol is now distilled off 
from the water bath, the residue diluted with water, extracted with ether, 
the ether extract washed with dil. sodium hydroxide solution, and then 
dried over sodium sulfate. After removal of the ether, the residue is 
distilled under diminished pressure and the fraction boiling 125-135° at 
25 mm. redistilled. It boils practically constant at 135 0 at 30 mm. and 
amounts to 84 g. (83% yield). 

The formation of the phenyl-propargyl ether from this bromo com¬ 
pound was carried out exactly as described by Ilcnry. 1 When pure, it 
boils in - n2° at 40 mm. and at atmospheric pressure 209°. The yield 
is about 53%. 

When 20 g. of phenyl-propargyl ether was heated to boiling under a 
reflux condenser for 5 hours and then allowed to coed, a solid black tar 
was produced from which no definite substance could be isolated. It 
was apparent that the ether had completely decomposed. A second ex¬ 
periment was made, refluxing the phenyl-propargyl ether in di-isoamyl 
ether (b. p. 170°) for 100 hours, Soon after the heating was started, a 
dark brown solid began to separate out. At the end of the period indi¬ 
cated, the phenyl-propargyl ether was apparently completely decom¬ 
posed. When the reaction was carried on in exactly the same way but 
the refluxing continued for 20 hours only, the same tar was obtained but 
at least */ t of the phenyl-propargyl ether remained undianged In none 
of the experiments was alkali soluble material obtained. 

p-Bromophenyl-propargyl Ether, BrC,H,OCHiC 3 CH.~-This sub¬ 
stance was formed by the action of alcoholic potash upon the p bronto- 
phenyl-^-bromo allyl ether which in turn was produced by the action of 
excess of sodium p-bromophenylate upon tribromohydriu. 

p-Bromophettyl-p-bromo-allyl ether BrC«H,OCIItCBr « CH|.—Idle details 
for the preparation of this substance are the same as those described under 
the preparation of pbeuyl- 0 -brotno-aIlyl ether. The substance boils 
at 171° at 22 mm., 1.587, 1.719. 

Subs., 0.3852, 0.2402; AgBr, o 492S, 03034. 

Calc, for C.H,OBr» llr 54.7, Found; 54,1, 34.4. 

p-Bromophenyl-propargyl ether, BrCjHtOCHiC—CH.—The details 
for the preparation of this ether from the bromo compound just described 
are just the same as those used in the preparation erf the corresponding 
phenyl ether. The product is obtained in 50% yields, boils at 144” at 
34 mm., 1.567, D|j 1.468. 

Snbs., 0.3688, 0.3942; AgBr, 0.3377, 0 3609 
Cak. for C*HrOBr; Br, 38x1. Found; 39.0,39.0. 

1 Bull. tec. Mm., 40,324 {1883). 
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Upon refluxing 20 g. of p-bromophenyl-propargyl ether, the tempera¬ 
ture gradually rose during the course of 30 minutes from 254—266°. 
Upon cooling the mass set to brittle tar indicating almost complete car¬ 
bonization. A second experiment was carried out using di-isoamyl 
ether as a solvent and the solution was heated for 10 hours. Partial de¬ 
composition took place but no alkali soluble product was produced. 

Phenoxy-acetonitrile, C t HiOCHiCN.—This substance has been pre¬ 
pared by the following series of reactions- 
CjHiOH —CeHsOCH;C'OGH —► CJbOCIhCOOQH, — 

CriUOCHjCONH, —*- CtHtOCHjCN 
The directions described in the literature were followed. 1 The dehydra¬ 
tion of the amide, however, was varied so that a better yield could be ob¬ 
tained. Tile following prrx:edure is very satisfactory. 

Pkenoxy-aietcrtiiinie, CtHiOCHjCN.- 75 g. of dry phenoxy-acetamide 
is placed in a 501 cc. distilling flask and melted. Into this is now poured 
directly 60 g. of phosphorus pentoxide and the mixture distilled as rapidly 
as possible. 'Hie distillate, containing both nitrile and unchanged amide, 
is treated with dry ether which dissolves the nitrile but not the amide, so 
that the latter may be filtered off. Upon distillation of the ether and 
vacuum distillation of the residue the nitrile is obtained as a colorless 
oil boiling at 132 0 at 30 mm. or 235° at 745 mm. 

25 g. of phenoxy-acetonitrile upon refluxing 15 hours turned red and 
finally black, but the temperature remained constant at about 240°. 
At the end of this time, distillation showed that practically 90% of the 
material was unchanged. 

p-Methyl-phenoxy-acetonitrile, CHjCjHUOCHiCN.—This substance 
was prepared from p- ctc sol by the same series of reactions used for the 
preparation of phenoxy acetonitrile. This method of preparation has not 
previously been used, but since the details for the various steps are iden¬ 
tical with those employed in the same series of reactions using phenol, 
they are not given here. 1 The p-methyl-phenoxy-acetic acid 1 thus ob¬ 
tained melted at 135 0 . By esterification the ethy 1 -f-methyl-phenoxy - 
acetatc was formed and proved to be a pleasantly smelling liquid boiling 
at 266-267 0 at 740 mm. which is quite different from the constants for 
this compound as described in the literature.’ It has previously been 
made from sodium p-crcsylate and ethyl chloroacetate and the boiling 
point given was 243 0 at 752 mm. A sample prepared according to this method 
gave identically the same boiling point as was obtained by the above 
method, the esterification of the corresponding acid. The amide 4 forms 

* J. firakt Ciem., fa] ao, (1897). 

*«»., 14, 923 (i&9>). 

* J. Chem. See., 103,1630 (1913). 

* Gate. «Mm. itai., aa, H. vs (189a). 
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from the ester readily by the action of aqueous ammonia at room tempera¬ 
ture and the nitrile from the amide by the action of phosphorus pentoxide. 
The nitrile as obtained was a colorless, pleasantly smelling oil boiling at 
148-149° at 28 mm. and upon cooling gave white crystals melting at 40®. 
These constants correspond to those obtained by Stoermer, for the sub¬ 
stance as prepared by the dehydration of £ - me thyl - phen oxy - aeet aldoxim.' 

Upon refluxing p-methyl-phenoxy-aoetonitrile for 24 hours and then 
allowing to cool, the entire contents of the flask set to a brittle tar, indica¬ 
ting complete decomposition. When refluxed for 15 hours in di-isoamyl 
ether as a solvent, the larger part of the product proved to be unchanged 
nitrile; a few grams, however, of a fraction soluble in alkali proved to be 
p-cresol. A repetition of this last reaction but boiling for 90 hours gave 
practically the same results. 

An attempt was made to prepare the p-bromo-phenoxy-aeetonitrile 
but it was found impossible to dehydrate the atnide without deep seated 
decomposition, so that no pure nitrile was obtained. The elhyl-p-bromo- 
phenoxy-acetate was made from an alcoholic solution of sodium p- bromo- 
phenylate and chloroacetic ester rather than by the bromination of ethyl- 
phenoxv-acetate as is described in the literature s The physical constants 
were the same in both cases. They form white crystals, in. p. 59°. 

p-Brmno-pkenoxy-acetamide, BrCJUOClisCONHj.—A solution of 130 
g. of ethyl-p-bromo-phenoxy-acetate in one liter of So' v alcohol is made 
and then saturated with ammonia gas at 0° After standing 24 hours a 
large proportion of the amide crystallizes out in long colorless needles. 
The solid is filtered off and by concentrating the mother liquors, more amide 
is obtained. To purify, it is crystallized from dilute alcohol, m. p. 148-9°. 

Subs, o 2850; 17.3 cc. 00714 N HC 1 . 

Calc for CjHjOjNBr, X, 6 i. Found f> 1. 

A series of phenyl-benzyl ethers was marie by the action of benzyl 
chloride or bromide, or substituted benzyl chloride or bromide upon phenol 
or a substituted phenol in the presence of potassium carbonate and ace¬ 
tone as a solvent. 

Phenyl-benzyl ether, CeHbOCHjC'eHi.—A mixture of 126 g. (one mole) of 
benzyl chloride, 105 g. (1.1 mole) of phenol, 138 g. of potassium carbonate 
and 100 cc. of acetone is refluxed for 8 hours. After dilution with water, 
the benzyl-phenyl ether is taken up in ether, the ether solution washed 
with aqueous alkali and dried over sodium sulfate. After removing the 
ether the benzyl-phenyl ether is distilled under diminished pressure. It 
boils at 178-79° at 35 mm. and melts at 39 

Upon refluxing 100 g. of this ether for 4 hours, the temperature of the 
' Ber.,i o, 1700(1897). 

’ J.prakl. Chem., {zj 10, 375 (1897}. 

•Ann., *17.43 (1883) 
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liquid dropped rapidly from 272 0 to 220°. The contents of the flask 
was a dark red liquid which was taken up with ether and the ether solu¬ 
tion extracted with dil. potassium hydroxide solution. Upon investiga¬ 
tion of the alkaline solution it was found that a considerable quantity 
of phenol was present The alkali insoluble material contained toluene, 


unchanged benzyl-phenyl ether and a small amount of a 
product which was not identified 

The following l^cnzyl ethers were also prepared: 

high-boiling 

This crrmrnmiic-atinm 

In literature. 


m p 

M p. 

F-Brotnophcnyl-bcnzyl ether 

bw 226° 64“ 

b*> 326 * l 

P-NItrobenzyl-phenyl ether 

91 * 

9 i** 

p-Nitrobenzyl-u-tolyl ether 

90* 

90 °' 

p-Nitrobenzyl p-tolyl ether 

^-Nitrobemyl-p-metlioxy-phenyl ether Yellow needles. 

89” 

89°* 

from ale 

Suh» , 0 s Isa 26 0 cc N, 747 mm and 48“ 

Calc for CiJIuO*N N, s 4 Found t 4 
£-Nitrobenzyl-/>-bromophenyl ether Yellow needle? 

88° 


from ale 

Subs , 0441O. Agllr, 0 2684 

Calc lor C„Hi<. 0 »NBr Ur, 25 97 Found 25 86 
p-Nitrobenzyl-2,4-dibromo phenyl ether Yellow need¬ 

M 2 * 


les from ale 

Subs . 0 3862, AgHr, 0 3706 

Calc for Ct,H.O,NHr> Ur, 4134 Found 4083 

l6l” 


F-Broujolieiizyl p bromuphen) 1 ether 

111* 

III" 

p-Bromohenxvi- z.atlibromo phenyl ether . 

too* 

lOO** 

The nitro compounds described above when 

heated to 

their boiling 

point gave deep seated decomposition. Even 

at lower temperatures. 


decomposition took place although more slowly. No definite products 
could be isolated. 

The halogcnutcd ethers evolve hydrobromic acid when heated to the 
boiling point and give in general a certain amount of phenol or substi¬ 
tuted phenol and a little toluene or substituted toluene. In every in¬ 
stance complete decomposition took place. 

Summary. 

1. The preparation of several ethers of each of the following types has 
been carried out; KOCH - OH,; ROCH,CH,CH“CH t ; ROCHjO* 
CH; ROCHjCN; ROCHjR; where R stands for phenyl or substituted 
phenyl gTOup. 

2. A comparison oi the stability of these ethers upon heating has been 
made with the corresponding allyl-phenyl ethers. 

sar. 90(1907) 

* /«£., 324, 104 (1884); This Jouuml, 39,309 (1917). 

*ibid ,, 39,309 (19*7). 

* AS 7 » 90 (190?). 
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3. It baa been found that none of these compounds rearranges into 
substituted phenols in a manner similar to the aHyl-pheny! ethers. 

Omaha, lujnoia. 

[OcartMMjnoN from Chbmistrv Depastnent, Sooth Dakota Statb College 
op Agriculture and Mechanic Arts.] 

PROSO MILLET INVESTIGATIONS—ANALYSIS OF THE OIL—A 
CHARACTERISTIC ALCOHOL. 

By B. A. Donbas and E. R. Binnbwxks. 

Received January 10, 1920 

While engaged in an exhaustive examination of the grain of the proso 
millet, with a view to its employment as a commercial food source, cer¬ 
tain peculiarities of the ether extract from the finely divided grain came 
to our attention. These unusual features led to the following series of 
investigations, which, while as yet open to further work, have brought 
out several interesting details, when viewed from the standpoint of the 
cereal analyst. 

This variety of millet, termed proso from the Russian name for the 
"true millet,” was denominated by Linnaeus, panicum mihacum. It is 
extensively cultivated in the region of the Altai Mountains in Siberia, in 
Southern Russia, and in the serai-arid areas of eastern and southern Asia, 
where it constitutes a staple foodstuff for both man and the lower ani¬ 
mals. Its botanical same suggests its productivity, which is marked, 
even in regions where other common grains do not thrive by reason of 
aridity of climate. Our first undertaking was merely one involving the 
analysis of the grain to determine its nutritive factors and, particularly, 
its gluten and gliadin content, as affecting its adaptability as a bread¬ 
stuff, and so to throw light upon its possibilities as a food crop for our 
semi-arid regions west of the Missouri River. 

The grain upon which we undertook our studies was raised upon the 
farms of this institution, from specially selected white seed derived by 
selection from mother seed obtained in Russia by Professor N. E- Hansen, 
of this college. Two analyses were made upon the seed, the first upon 
a coarsely ground meal, unbolted, and the second upon bolted flour from 
the same grade of grain. The former sample consisted of the hulled 
grain, ground to pass through a 70-mesh sieve but without further 
treatment. In the second case, the grain, bulled and pulverized, was 
passed through the ordinary No. 60 mill screen, so producing a flour 
similar in fineness to the so-called “Red Dog” grade of wheat flour. By 
this process, the crude fiber content was materially reduced and the per¬ 
centage of starch was largely increased, as compared with like data from 
the coarser samples first taken from the unbolted meal. The following 
table is presented to show in percentages the analytical results from 



PROSO UOJXt INVESTIGATIONS. 659 


unbolted meal, bolted flour, and an average comparable analysis of patent 
wheat flour, according to loach’s tables. 1 



Atb 

Mois¬ 

ture. 

Cr. 

Fib. 

Cr. 

Prat. 

Eth 

£*tr 

N- 

Starch. 

ToUl. 

Proso meal. 

2 86 

11 .80 

6.2$ 

15-86 

507 

5716 

59 65 

too .00 

Proso flour bolted . ... 

1 45 

IO 09 

0 80 

14.90 

3 32 

69 44 

69.15 

too 00 

Patent wheat flour.... 

0.44 

12 77 

O 21 

10.55 

I .02 

74.90 

. . . 

99.89 


According to the above data, we note that aside from the inferences 
which our original problem led us to form as to the food value of the 
grain, its oil content is low as compared with that of many other common 
oil-bearing seeds now in use as oil sources of commercial moment, but it 
was found that, bv extraction of the coarser material for a 16-hour period, 
we could depend upon a constant extract, and we have used such 
means in obtaining the quantity of oil needed for our special work upon 
the oil. 

To prepare the oil for this work, we proceeded as follows. The selected 
hulled seed was ground through a common laboratory hand mill, keeping 
the crushers tight. The product passed through a 40-mesh sieve. This 
meal was extracted in a specially constructed apparatus, consisting es¬ 
sentially of a large glass cylinder, constricted at both ends, about 125 
cm. in length, and surmounted bv a Liebig condenser in position for re¬ 
fluxing. The cylinder was furnished with an inner tube which passed 
from a jioint lielow the lower end of the cylinder, through a cork inserted 
iu this end, up through the meal to be extracted and above the surface 
of the charge, which consisted of about 1 8 kg of meal. Between the 
cork stopper, which was perforated with small glass tubes to permit 
egress of oil-saturated ether, and the charge was placed a 2-inch layer of 
glass wool. An aluminum cone was suspended from the lower end of the 
reflux condenser, to distribute the return flow of condensed ether. The 
whole was connected, as usual, with a boiling flask of 2 liters capacity 
and the extraction continued for 16 hours per charge. As the quantity 
of oil sought for the work precluded the use of expensive ethyl ether, we 
made use of petroleum ether, which we found, upon trial, to be almost 
as efficient as anhydrous ether both iu point of amount of yield of oil, 
and in quality of the product. The extraction was considered to be com¬ 
plete when the medium issued from the cylinder practically water-white 
and left hut the slightest trace of oil upon evaporation of 50 cc. The 
oil so extracted, upon distilling off the solvent, was at first of a medium 
straw color, changing, upon standing, to a light golden yellow, the oil 
being quite mobile, with an odor distinctly characteristic of this product. 
The oil, so extracted, was the subject of the following experimentation, 
after filtering out, through coarse linen, a peculiar mass of crystals which 
* "Food Impn. and Analysts," 1904, p 236. 
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Weife noticed as collecting in the oil after it had stood out of contact with 
air for several hours. These crystals were of lustrous appearance, pearly 
white and in the form of thin plates. After several unsuccessful attempts 
to separate the oil by the use of solvents, we removed them as mentioned 
above, washed them free from oil by means of cold ethyl ether, in which 
the crystals were but very slightly soluble, rewashed them in 95% alco¬ 
hol, cold, and dried them at ioo°, after recrystallization from hot 95% 
alcohol. The crystal-mass, when so purified, crystallizes in 6-sided 
pearly plates, closely resembling those of phytosterol, but in other re¬ 
spects markedly differing from the latter, particularly in their melting 
point, which was sharp at 279 0 , corrected. These crystals were set aside 
for further examination, which will be reviewed at a later point in this 
report. 

Physical Characteristics of the Oil.—The oil of proso millet is a 

semi-drying oil having a specific gravity of o 9228 at 22 5 0 , as determined 
by the pycnometer. It lias a refractive index, as determined by the 
Abb£ Refractometer, of 1 4745. These values correspond well with the 
semi-drying nature of the oil. It is insoluble in 95% alcohol up to 35 
volumes and is insoluble in absolute alcohol up to 25 volumes, showing 
it to be composed very' largely of fixed oils, as confirmed by succeeding 
tests. 

Chemical Constants.—The saponification value was 181 5, indicating 
a possible composition similar to that of peanut oil as to the nature of the 
add groups involved, and pointing to its quality as a semi-drying oil. Its 
iodine value, determined by the Hub! method, was 93 3, showing it to 
be high in relative amount of unsaturated acids. In point of free fatty 
adds, the constant was high, corresponding to 119 mg. of oleic add per 
g. of oil. This number would, therefore, preclude tire use of the oil as a 
lubricant. The acetyl value was high, 39 23 mg. of potassium hydroxide 
being required to neutralize the acetic acid produced from hydrolysis of 
the acetylated fat, per g. This value corresponds, by calculation, to 
10.9% of alcohols and hydroxy adds in the original oil, a characteristic 
of semi-drying oils. The Reichert-Meissl value was fairly large, vie., 
2 ■ 5. Unsaponifiable matter, as determined by the method of Allen and 
Thompson, was found to be 2.53 parts per hundred, by weight. It 
was found to consist of resins, in the main, but in insufficient quantity 
for exact determination as to type. The elaidin test, conducted accord¬ 
ing to the method of Andes, 1 gave us, at first, a foamy, orange-yellow, 
buttery mass, which, after 2 hours, assumed a red-brown and semi-liquid 
character. These results presume the oil to lie midway between oils 
like rapeseed, sesame and cottonseed and the more strictly drying oils 
such as hempseed and linseed. To assure ourselves regarding this point, 
* "Drying Oils," 1901, 3-4, 574 (OS?). 
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we oxygenated the oil according 
following results: 

Time of exposure 
Duys 

f 

2 . . 

4 

5 
f\ 

7- 


to the method of Livache, ! with the 

Gaio % of O 
bj. wright 

O (JO 

O 74 

O 92 
I 20 

1 H 

J OO 

2 6o 


'4 

21 


4 

.4 


JO 

18 


These results would rank the nil with the group represented by rape- 
seed oil, as to its drying projJerties. 

The Lewkmvitsch rmthod fur detcrmmaU'<!i '<! ■ rude glycerol,* re¬ 
sulted in a low \ aloe, rez , 3 31' , While this -mall percentage may Vjc 
partially due to In---, through volatility of glycerol in steam during the 
frequent evaporations involved in the acetjn method. such low value 
was to lie expected when the high, free acid value and rather moderate 
saponification number were taken into consideration. 

Phytostcrol was detetmined bv the A. O A. C method and tlie product 
obtained, upon its eutjjoralioti .uid recrystalhzation from hot alcohol, 
g*a\e us the th iiniUnslu- needle tufts to the amount of o 6 '/ c by weight 
of original oil. Then melting point iu- 144°, corrected, and their iden¬ 
tity so established 

All tests tor phenol IjoiIks were ncgatiec, and tlie Scluff test for alde¬ 
hydes gave tint a eery faint coloration alter the- mixture had stood for 2 
hours, indicating that aldehydes, it present, are- ut negligible amount. 

As calculated fuuu saponification value, the mean molecular weight 
of the fatty acids L- 290 

Volatile Acids.- 56 7 g. of the oil was saponified by alcoholic potash, 
evaporated to free the soaps from alcohol, the soaps neutralized with ex¬ 
cess of sulfuric acid, and warmed to complete the separation of insoluble 
acids The acid cake was separated and the residual liquor distilled until 
distillate gave no reaction with litmus. This distillate was titrated 
against o t .V Mxliutn hvdroxidc solution and o 36* c of volatile acids 
found, as calculated to formic acid. A slight acetic acid content was 
found to form a part of this small percentage, through resort to the method 
of Ducleaux, as modified by I >yer, 5 this conclusion arising from parallel¬ 
ism of graphs, charted according to the above method. 

Insoluble Fatty Acids.- -The caked adds, obtained as above, were 

1 J , Sot . Chrm !nd , 6, 494 t iS86>. 

* Lewkowitseh, 9 

• J Bud Chrm , aft, 445 (1917) 
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manned, recaked, and found to constitute 89.8% of the oil. This com¬ 
bined maw of saturated and unsaturated adds of higher carbon contest 
gave the following constants: saponification value, 195.9; iodine value, 
96.6; mean molecular weight, 286. 

Saturated Acids.—44.4 g. of the oil was subjected to the lead salt 
method of Gussarcw-Varrentrapp, with Tortelli's modifications, 1 to sepa¬ 
rate unsaturated from saturated adds. By this process, we found that, of 
the total insoluble adds 85 3% were unsaturated and 14 7% saturated. 
The 2 types were examined as to tlieir chemical constants, with following 
results - solid adds, iodin value, 24 4, neutralization value, 187 3; un¬ 
saturated adds, iodin value, 123 8; neutralization value, 314. 

An attempt was made to separate Hit individual solid adds by a frac¬ 
tional precipitation through use of barium and magnesium salts, and 
through the use of lead acetate in alcoholic solution, but, after repeated 
trials, these methods were abandoned as affording little prospect of any 
definite approach to a quantitative separation We finally accomplished 
this separation by first dissolving the -olid acids in absolute alcohol, 
using least possible volume, and successively lowering our alcohol con¬ 
centration, by the admixture of water, to conditions which induced the 
next sign of precipitation. By this method 3 fairly distinct fractions 
were obtained, all crystallized as fine mcdks, whose melting and solidi¬ 
fying points were found to be as follows 


.Fraction. 

A 

B 

C 


% Alcohol 
In solvent 

70 O 
60 o 

50 o 


MclUog potst 

(\ arr ) 

OS -73 

S*-57 


Solidifying |>otnt 

64-65 
55-57 
51-51-5 


Fractions A, B and C were refractions ted by the same process as men¬ 
tioned above, with the following results 

Sub- fraction. % Airohof by roi M< ittny potol . Corf ) KrutrulbuUion 


Ai 

70 O 

A* 

JO O 

B, 

70 O 

B, 

65 O 

B. 

60 O 

B. 

50 0 

C, 

50.0 

C, 

40 O 


366 

accurate determination 
*54 

6* 5 
62 + 

6a 6 

56.7 *73 

Fraction loo sm al l for detn, 


72 2 

Fraction too iinatl for 
62 8 


Fractions B 1( Bs, Bj, B t were combined, recrystallized from 70.0% 
alcohol, and a melting point of 62.7°, and the above neutralization value 
of * 54 , determined from this product. J’'rom above data and from usual 
solubility tests, the crystals were identified as those of palmitic add, which 
constitutes approximately 80% of the entire amount of solid adds. 

1 J- M Ent Ckem , 9,542 (1917). 
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Fraction Aj was converted into its lead salt, which had a melting point 
of 113®, uncorrected, and was insoluble in ether. These facts, together 
with the neutralization value of the acid, raised a presumption that it 
might be camaubic acid. The add was analyzed, with the following 
results: 

Calc, for C«H«Oi C, 7826, H, 1304- Found: C, 78.37; H, 13.19. 

The lead salt of fraction C, was made and its melting point fixed at 
105,5 This, with the melting point of the acid itself, 56.7°, pointed to 
daturic acid, and this conclusion was confirmed by combustion. 

Calc, tor CuHwOi: C. 75 56. H. 12 59. Found. C. 75 42; H. 12 70 

As no other crops of crystals, appreciable in amount, were observed, 
our solid acids were presumed to be composed of a comparatively large 
amount of palmitic acid, with less quantities of camaubic and daturic 
adds. 

Unsaturated Acids.—These acids were prepared by the lead predpita- 
tion method, whereby we obtained a voluminous nearly white oil-mass, 
whose iodine mini tier was 124, and mean molecular weight 314. 

In order to determine the individual adds of this mass, we had recourse 
at first to the method of bromination. But, even after our samples had 
stood for 24 hours iu contact with the brominating mixture and in the 
cold, we found but slight traces of a solid product. We inferred, by 
reference to the work of Jacobson and Holmes, 1 who assert that this 
method secures satisfactory results only in case of linolenic add, when 
applied to such mixtures as we were investigating, that we have here 
no considerable amount of linolenic add. 

We then resorted to the well-known method of Hazura.* 24 g. of the 
unsaturated adds was saponified and the resulting soaps were oxidized 
by the above method, when a heavy precipitate of the hydroxy adds set¬ 
tled out on standing in the cold overnight. This mass, on filtering it 
out and allowing it to dry spontaneously to constant weight, gave us a 
dry product of 9.3 g. The filtrate, which might contain hexahydroxy- 
stearic add as au oxidation product of linolenic or isolinolenic acid, was 
evaporated to a small volume and acidified with s-ulfuric acid. The re* 
suiting brown floceuknt mass was extracted with ether and the only 
product which we could obtain was that embodied in tile extract, which 
gave us a very small quantity of crystals in the form of fiat, rhombic 
plates, obtruncated. We lacked material to obtain its major character¬ 
istics, but concluded from our meager data, that we had a small amount 
of the iso type of linolenic acid in our oil. 

Tli* main predpitate of hydroxy adds, washed with ether, was ex¬ 
hausted with 4000 cc. of ether, and from the ethereal solution we obtained. 

1 Ckem. J., 38,48* {1907). 

1 Menatik., 8 , 260 (1887). 
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by evaporation to iso ce. and cooling, 4 8 g. of crystals which were rhombic 
in shape. These crystals were found to have a melting point of 139 4 0 
(oorr.), concordant through 6 trials, and a neutralization equivalent of 
gr8. Dihydroxystearic add was thus identified. By calculation to 
oleic sad, it was evident that of our total oxidized unsaturated acids, 
51 6% consisted of oleic add. We found that this hydroxylated acid 
was insoluble in cold water and cold alcohol, but readily soluble in hot 
alcohol, which was used for all recrystallirations 

The solid remaining after extraction of the above fraction with ethei 
was boiled out repeatedly with much hot water, each time filtered while 
hot, and allowed to deposit crystals on slow cooling In this manner w* 
obtained a final separation of the whole nia^s oi crystals, into 7 fractions 
Which were filtered, dried at 100 0 to constant weight, and subjected t< 
test as to melting point and neutralization value, as follows - 
Fractions 1. II III IV V VI. VII 

Melting pt. (Corr ) jjg 3" 13? 0° 159 j" 171 ?” 173. 9' 173 7" 173 6 

Neutral, value 351 355 353 14: 34 b 34S 344 

Fractions I, II, III were combined, as were Fractions IV', V, VI, VII 
ana* each recrystaffized from hot water, their constants being determine* 
as before and as follows 

Fraction I-II-II1 IV~\ VI VII 

Melting pt (Corr) 159 9 ° 171 4” 

Neutral value 354 349 

The first combined fractions (I, II, I III, when rt crystallized, separate 
in leaflets which were long, oppositely truncated parallelograms. Th 
second combined series of fractions gave, on recrvstalhzation, silky needle' 
when deposited from the hot water medium The fraction melting a 
173 4 0 was thus easily identified as tetraoxy stearic arid, from origin! 
Hnolic acid, and its amount, 1 0 g , indicated that, of tile unsaturated acid 
which we succeeded in oxidizing, 2o-4 r v was m the form of Hnolic arid 

The second combined fraction, with neutralization value so close 1 
that of the tetrahydroxy acid above mentioned, but markedly differit 
in melting point, we considered to be an isomeric form of the tetra ari 
and its amount, a.2 g,, indicated that 23 7% of the original oxidize 
acids was an iso-linolic acid. 

We, therefore, conclude that our unsaturated adds are compos* 
largely of oleic, linolic and an iso form of hnolic arid. 

Unknown Solid,—We examined the white crystalline solid, mention* 
elsewhere in this paper as being allied in several particulars to a phyt 
sterol but radically differing from this class of substances in its extreme 
high melting point, which was found to be unvarying at *79°, correcte 
The substance contains only carbon, hydrogen and oxygen. 
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The fuchsine test for aldehydes gave negative results, pointing neither 
to the presence of aldehyde grouping nor to any polymerized form thereof. 

The product was carefully tested for the presence of add, carbohydrate, 
phenol, ester, anhydride, lactone and ketone grouping. In none of these 
tests did we derive any positive results, excepting the application of the 
hydroxylamine method for ketones, where we obtained a slight test for 
the ketone structure, unsatisfactory in its intensity and amount of pre- 
ripitate, but nevertheless positive. 

We applied the usual acetylation test for the presence of alcoholic 
radicals, and obtained jmsitive and satisfactory proof that the substance 
under examination is an alcohol. 

The product was analyzed with the following results: 

Analyses I. II. III. IV. Average. 

Carbon-'ii So 52 80 71 So SO 81 10 80.8 

Hydrogen-?! 10 1 h 10 39 rt> ot> 9 90 10 1 

By calculation from above data, we derive an empirical formula of 

Ci jH i(C). 

Using chloroform as solvent, we obtained molecular weight data as 
follows, employing the Liebig method: 

Analysis I. It. III. IV. Average. 

Mol wt 372 3 .S 4 350 349 33* 

The product was also examined by the Menzies method of vapor den¬ 
sity, to determine its molecular weight, as follows: 

Analysis ! II. III. Average. 

Mol wt 378 3S2 367 3*9 

In the latter manipulations, we used carbon disulfide as solvent, finding 
that other usual solvents gave us unconcordant results, evidently due 
to association. 

We would, therefore, assign to this product a tentative molecular for¬ 
mula of C»H*>Oj. 

The product is soluble in hot ether, hot alcohol, chloroform, carbon di¬ 
sulfide, carbon tetrachloride, xylene, benzene, and slowly soluble in 
pyridine, acetic anhydride, and ethyl acetate. It is insoluble in water 
or cold alcohol. With a mixture of one cc. of acetic anhydride and a 
drops of cone, sulfuric acid, it assumes a purple coloration, which rapidly 
deepens to wine-red. 

Some light was thrown upon its structure by the fact that when an 
amount of the purified product corresponding to its apparent molecular 
weight as determined above, was treated with theoretical amounts 
of the proper reagents, a substance was obtained which we identified as 
fluorescein. This would indicate that two side chains, in ortho position 
to a nuclear ring, are to be found in the structure 
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So far ss we have been able to gain access to the literature, we find no 
product which corresponds to this substance to have been noted. We, 
therefore, venture to claim that tlus oil carries an alcohol-ketoue, in several 
respects allie d to the phytosterols, in other regards differing markedly 
from such types, and have named this solid product, pending its further 
examination, “Prosol.” 

Summary, 

The oil of proso millet is a semi-drying oil, capable of classification in 
thi9 regard, with oils of sesame, rape and peanut 

It is essentially composed of glycerides of the following fatty acids 
palmitic, oleic, linolie, iso linolic, and in smaller percentages, cantaubic 
and daturic 

The solid acids from such an oil can best lie separated through their 
fractional precipitation from a senes of varying concentrations of alcohol 
in water, with fairly constant differences lietwecn successive concentra¬ 
tions. 

The bromination method seems inadequate for tin satisfactory separa¬ 
tion of individual members of the umatarattd fattv acids from similar 
oils 

A ketone alcohol, insoluble m wattt, soluble in certain organic sol¬ 
vents, and possessing certain piopettiis similar to thaw, of a phytosterol, 
is a by-product in the preparation <>f this oil, as the authors prepared 
it for analysis. So far ds they base bet.n able to ascertain, this product 
has not been discussed in the literature pertaining to plant products. 

Bkooitkos S D 
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Verdampfen, Konden sierra und Kiihien. By T Uausbkako 6th Edition 1918 
S3 figure, si 13 tables 540 -f JU pp Julius Springer, Berlin 16 Mk. 

This edition contains rnucli new material, formulas, tables, and ex¬ 
amples, from investigations prior to 1918 which should be helpful in the 
design, construction and operation of apparatus for evaporating, condens¬ 
ing or cooling It contains 37 more tables and 140 more pages than the 
second English edition of 1916 Much of the book has been rewritten with 
new material in almost every chapter A numlier of tables have been 
changed to conform with later investigations. Noteworthy are the addi¬ 
tions on heat transfer in liquid and vapor cocurrent and counter current 
systems; in heat interchangers, and preheaters, in evaporators using hot 
liquids; in still steam through cold tubes; and in systems using air, gases, 
and superheated water vapor. The section on multiple effect evaporators 
has been entirely recast to show more clearly the function of each unit 
in lie multiple system. Most of the new data have been taken from 
: : -v.i:„— r o n, umm. 
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L*hrbvch (ler Phy*&*fi*chen Chentle. By D*. Raw, JeiLonSK. In 4 books: Book I 
only now published. Ferdinand Enke, Stuttgart. 

The author has undertaken what promises to be fay far the most com¬ 
prehensive treatise of Physical Chemistry that has been attempted. 
The only one approaching it in scope is that by W. Ostwald “Lehrbuch 
der atigemeinen Chemie," the first part of the second edition of which 
appeared about 1891. The text-books of physical chemistry by W. 
Nemst, J. II. van't Hoff as well as those by English and American authors 
are necessarily brief in their treatment of this field and in some instances 
omit entirely certain important phases of the subject. It is true, as 
pointed out by the author, that in most of these books chemistry has 
been emphasized very much more than physics In view of the remark¬ 
able advances which have !>een made in both physics and chemistry dur¬ 
ing the last two or three decades, the author has felt that there is a place 
for an extensive treatise on physical chemistry in which this vast amount 
of information is properly systematized and in which the two sciences, 
physics and chemistry, are properly correlated. 

For purposes of presentation, the subject has been divided as follows: 
Book I, Vols. I and II, “Die Lehre von den Aggregate ustanden (reine 
Stoffe und verdiinnte Ld&ungen der Nichtelectrolyte)Book II, Vol. 
III, “Die Lehre von Aufbau der Materie (Weltather, Eleetronen, Ionen, 
Atome und Molecule);” Book III, Vol. IV, “Die Lehre von den Um- 
wandlungen der Materie (chemische Slatik und Kinetik);’ 1 Book IV, 
Vol. IV, "Die Ixhrc von den Umwandlungen der Energie (Mechaao- 
chcmie, Thennoehemie, Magnctochcmie, Elektrochemie, Photochexnie)." 

Book I, Vol. I (part 1), "Die Lehre voo den Aggrcgatrustanden,'' xxxvi + 
7JJ pp., ?S3 figures, Si tables. 1914 Price, 17 Mk. 

The author has considered 5 states of aggregation, the gaseous, the 
transitional (gas to liquid), the liquid, the fluid and the solid. The first 3 
are fully treated in Vol. 1 . 'The first portion of this volume serves as a 
general introduction to the subject of physical chemistry, discussing 
atomic theory, perfect gas laws, molecular theory, law of conservation of 
energy, principle of the increase in entropy and Nemst’s heat theorem. 
It contains an exceptionally complete and well systematized bibliography 
not only of the important books and journals of various branches of chem¬ 
istry but of physics and, to a lesser extent, of mathematics as wdl. A 
detailed table of contents and an author and subject index are included 
in both volumes. 

Book I, Vol. II. (part a). "Me Lehre von den AggregatxuaUnden. 1 ’ xii 4 939 
pp., 401 figure*, 149 tables. 1915. Price, 35 Mk. 

This volume contains a thorough treatment of the Quid and solid states 
of aggregation as well as of gaseous and liquid solutions, A discussion 
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-of colloidal solutions is not included as was originally planned, but is to 
form tbe subject of a later volume, The electrical, magnetic and optical 
properties of pure substances have not 1 k-ui considered in Book I, but 
Will be treated in Book II 

The subject matter of these two volumes is welt arranged, dearly 
written and in general vert complete \s an illustration of the character 
of the material presented, the subjects treated under kinetic theory may 
be mentioned They are Maxwells lav, < i distribution of velocities, 
rigorous derivation of the gas law trom kinetic theon , concept of the de 
grees of freedom, rotation of gas molecules, Mbrabon ol atoms in gas mole 
cules, principle of the eqiupartition of unrgs and tin carious (legiees of 
freedom of a molecule in stable condition them) ol speufk heat of gases 
from the standpoint of the classical kinetic tboors md of the quantum 
theory. In addition to the theoutical ttt.itmciit tin most important 
experimental methods are nun m consider ink detail I'Ik numerous 
drawings and the expcritnenla! dal i in t ifml it and graphic lonn make 
this feature of the sunk \er\ - altiibk to both tuiiiit and lmestigutor 

The author has attempt* 1 to present the nmtui.d fiom the pedagogical 
as well as from the experiment standpoint i iFiuultdgc ol the funda 
mentals of chenustn, plq m> - .md m ith< unities , .deuliis' js presupposed 
Wliere higher mathcmitic' is emploud (hi di.ilopmutl is mure fully 
given If the remaining that hooks arc up to tin standard of their first 
book, the work will indeed 1* a >t d i mtribttlion to this fitkl of science 

fosutui M Braham 


Notions FondaraenUIes dc Chimie Oiginsque < tli tst. on I v <. harm s Mm KU , 
Membre de I’lnititut * ill 1 Academic u \U<h,in l’nhswur au Lotleuc <ie 
France C,utlucr \ ill ns <t tie I’m iqio u j,j, 1(s X cm 

Price', if, Fr 


This work is meant to give a thorough grounding m the fundamentals 
of organic chemistry, uid is wnttm fur unnerstts -tiderite rt will be 
found less detailed than the usual \mcrican elemenhirv text, especially 
in regard to industrial applications md theories of the mechanism of re¬ 
actions. It seems to presuppose some familiarity with the laboratory 
behavior of organic substances 

The book is divided into two parts, each of which presents features of 
interest. The first chapter, a third oi the whole in length, treats briefly 
ose aspects oi genera! and physical chemistry of most importance to 

of g r C fl W ,SfS , A 1 ™, J "" rCaddbk but ( ’ UltP *®wtaiy exposition 

of the atomic and molecular theories, such as is usually given in a first 

year course m chemistry, is followed by m ,.11 too brief and dogmatic 

^T°d 7 f nd T CtUral f ° rmu!aS A lar K e ™n»ber of meth¬ 
ods for the determination of molecular and atomic weights are listed, but 
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without experimental detail. Substitution leads to homology, the classi¬ 
fication of organic substances, and nomenclature. 

In tlie section on stereochemistry which follows (33 pages) the author 
has allowed a desire for thoroughness to win him from that allegiance 
to symmetry' and balance which distinguishes the rest of the book. The 
later use of the subject 111 the spoci il part is hardly sufficient to justify 
so detailed an account, t'p to and including the discussion of the rela¬ 
tion of physical properties to chunical constitution, the reviewer is un¬ 
convinced of the value of the method of treatment used. If the book is 
meant for beginners, too much acquaintance with phenomena is implied, 
while students with suffi; lciilly rieli ba< kgrt•unds to get lull benefit from 
the introduction certainly di ar\e a more comprehensive and interpreta¬ 
tive treatment of the subjeit matter. 

The most interesting part oi the introductory chapter is that which 
deals with chemical kimtus "active" molecules, and the general contrasts 
between organic and inorganic reactions. Here a dash of calculus is 
somewhat apologetically introduced, and the laws of reaction velocity 
and equilibrium are clearly and urelully stated, without thermodynamic 
derivations. Chemical uihmtv and (hemiral potential, together with 
the influence of vai tous forms of energy on reactivity, are treated in a 
simple and wholly non mathematical way. Catalysis receives some at¬ 
tention. Considering it> unavoidable superficiality and the infrequency 
of its use in the special part the whole genual mtioductiuu seems of 
questionable value. 

Chapter II tie-gins the systematic presentation of the chemistry of the 
hydrocarl Kins and tlmr derivatives. The me l lux! of arrangement, the 
selection of the illustrations, and the- of the thought are all 

well suited to the purpose of the book the- development oi that ability to 
"feel” what reactions will * go" and how they will go, which is of first im¬ 
portance in the training ol a skilled stiuctural chemist. Acyclic hydro¬ 
carbons of ull series, with then halogen and intro derivative's, are followed 
by the cyclaiie-s mid the aiuinatie series. Here m addition the sulfonic 
derivatives are introduced, and the chapter ends with 2 pages on the 
terpenes. Alcohols, ethers and phenols are- next discussed at length, 
followed by aldehydes, ketones,, and qumones. The acids, particularly 
aldehyde- and ketunic acids, lead naturally to the- sugars, their stereo¬ 
chemistry and synthesis, and ihc chapter concludes with other carbo¬ 
hydrates and glucosides. 

In Chapter IV amines utid duzo compounds, nitriles, isonitriles and 
amides are followed by tlu* urcids and the purine group. "Inorganic’’ 
derivatives receive scant attention. A dozen pages on heterocyclic com¬ 
pounds conclude the systematic part. 

Dyestuffs are reserved for the final chapter—-a 40-page monograph. 
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which Is & model of ordered arrangement and judicious exclusion. This 
chapter does not form a necessary part of the whole and might have 
been omitted without impairing the development of the thought; or, of 
course, any number of similar chapters (poisons, perfumes, etc.), might 
he added in the same way. 

The table of contents is adequate and the index quite unusually de¬ 
tailed and complete for a French text. There are no cuts. The typog¬ 
raphy is excellent on the whole, though occasionally one misses the third 
bond of a triple linkage, and Mr. Shields might well object (p. 24) to the 
teutonization of his name to Schields. The spelling both of " 'ivtxvQuxt" 
(p. 79) and of its French derivative may possibly be charged to the prin¬ 
ter. Very little is said about the probable mechanism of organic reac¬ 
tions, and such important subjects as the behavior of nitro-com pounds 
and tautomerism do not seem to receive adequate treatment. When the 
mechanism of a reaction is discussed, the presentation is unfortunately 
too often dogmatic and unsupported by evidence. The absence of illus¬ 
trations of industrial applications combined with the latter characteristic 
puts a rather severe strain upon the attention and risks making the close- 
knit and very condensed account seem monotonous. 

In particular cases, this extreme condensation leads to positive inac¬ 
curacies, as when (pp. 171-172) in the 2-page discussion of conjugated 
systems of ethylene linkages and the theory of partial valences, one is 
left with the impicssiou that 1 4 addition is the in\ unable rule in such 
systems, or when on p 190, the author says of irimctliykne (hexamethy- 
lenc, and the cydanes in general), “they have not the chemical charac¬ 
teristics of unsaturated hydrocarbons—thus with chlorine and bromine 
they give substitution— and never addition-products." Binary mix¬ 
tures (p. 106) do not “always melt much lower” than their components. 
The author uses “quadri-” and “tetra-valence" with a hearty indifference 
and does not scrapie to describe lack of reactivity as “stability.” On 
pp. 8-9 some of the statements regarding the molecular condition of 
various forms of matter might be made with more reserve 

Certain peculiarities of emphasis are hard to understand, Init, on the 
whole, the selection has been excellently made, and the book is a fine 
example of French mastery of form and mesure. Norms F. HaU. 
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ELECTRO ENDOSMOSIS AND THE PREPARATION OF SOLID 
ALKALI AMALGAMS. 

By Sumner B Prank and James R. Withrow. , 

ftttdm) December I, 19S9. 

It was found when using the Shepherd method of making solid amal¬ 
gams tliat increasing the current applied to a given cathode area and al¬ 
lowing adequate time, accelerates otherwise sluggish electro endosmotic 
effect with the porous cups and electrolyes used. 'Hie observations of 
G. MeP. Smith and Bennett on the electro preparation of solid alkali 
amalgams were substantial!)- confirmed in the cases tried, namely with 
potassium, barium, strontium and calcium. The use of low tempera¬ 
tures and non-aqueous electrolytes made no improvement over earlier 
efforts to produce solid calcium amalgam electrolytically. 

The Shepherd Method of Making Solid Amalgams. —Shepherd 1 sug¬ 
gested an irapro%-ed method of making solid amalgam by electrolysis. 
He supported a porous cup containing the mercury as cathode, so that 
the cup was submerged but slightly in the andyte and used less than 8 
volts. It had been noticed in previous work with this method* that electro 
endosmosis developed; in fact this was a difficulty in that method which 

* J. fkys. Cktm,, 7,29 ( 190 . 1 ). 

* G. McP. Smith and Withrow, This Journal, >9, 311 (1907). 
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had to be overcome. One of the present writers has been in the habit 
of utilizing this difficulty as a convenient lecture demonstration of the 
phenomenon of electro endosmosis, to furnish a ground work for the dis¬ 
cussion of permeable diaphragm cells for chlorine manufacture. 

Electro Endosmosis with the Shepherd Cell. —Complicated apparatus 
has been used customarily in the study of electro endosmosis. 1 Some of 
the forms of apparatus employed by these workers could be used 
for lecture demonstration, but they lack the directness of appeal 
of, bare, porous-cup demonstration of the effect, such as a modi¬ 
fication of Shepherd’s porous-cup method for the preparation of solid 
amalgams can be made to give, The latter apparatus is simple, and ex¬ 
pensive platinum cathodes are eliminated. Striking manipulation is 
made possible by beginning the demonstration with the bottom of the 
porous cup containing the mercury cathode submerged but a few milli¬ 
meters below the level of the anolyte. Upon electrolysis for less than an 
hour, starting with the cathode cup entirely free of electrolyte, the endos- 
mosed liquid will rise within the cell over the mercury several centimeters 
above the outside level of electrolyte and may be poured out of the porous 
cup as a visible, measurable demonstration of the electro cndosraotic 
effect. 

After considerable use of the method, unexpected failure to get any 
effect at all, in some trials, rendered necessary a laboratory study of the 
proper conditions for the Shepherd experiment as an illustration of the 
endosmosis phenomenon. The statements in the literature as to the 
essentials governing the phenomenon are vague or rum-concordant. 
Stewart* says the current must be ‘sufficiently stiong." Wiedemann, 11 
states that the phenomenon is dependent on current strength and indepen¬ 
dent of the area or thickness of the diaphragm Byers and Walter 4 state 
"the flow of liquid through the septum is proportional to the intensity 
of the current.” Briggs, Pierson and Bennett 4 state "the volume of 
liquid transported in unit time is directly proportional to the external 
potential applied " 

> Morse and Olsen, This Jouxkm., 23, 437 (rjoo). Reed, Iran: Am Eitaro- 
chem. Sot , 2, 340 (1902), Frarcr and Holmes, ibid , 40, 320 Knjo*). Bancroft, Train, 
Am. Blcctmhcm Soc., 21, 233 (15*12); Byers and Walter, This Joukxai,, 36, 1284 
Taylor, The Chemistry of Colloids,” p 66-74, New York, Longmans, Green 
and Co., 1915; Briggs, Pierson and Bennett, Trans. Am tExtrackrm Soc 31, 337 
(1917). 

! “Recent Advances in Physical and Inorganic Chemistry,” p 574, Longmans. 
Green and Co., New York 

Macmiiht^Co^New yTcST^’' P * S7 ‘ *""*• 
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Experimental. 

The work in the two previous papers' on the porous-cup method of 
making solid amalgams was repeated for the purpose of observing the re¬ 
lationship of the electro cndosmotic effect to other conditions. The re¬ 
sults given in the following table are typical’ 

Table I. 


Maximum 

temperature 


Mercury 

used 

E*pt Electrolyte G 

Cur 

Mn-prrcn 

rent 

Volt. 

t l> 100 

imp’s 

L ':f 

Ano> 

lyte 

Time 

Min 

vties 

liniltm* 

m«n* 

Mol, 

I 

KC1 

60 

i 

840 

‘2 5-13 

«> 4 l-6o 

95 s 

67 

29 

O 

2 

50 cc. —K-.SO, 

69 

1 

0-1 7 

IQ-22 

-*V39 

93 

<>3 

24 

5 

3 

50 cc. —K,SO, 

64 

O 

2 

s 


v> 

28 

66 

6 

4 

150 cc. —K»SOi 

507 

1 

6 ~2 1 

18-21 


73 

5* 

62 

38 

5 

—KeSO, 

196 

O 

1 <» 3S 

to 

I <y-2 2 

32 

2V 

70 

5 

6 

—K,SO, 

507 

(l 

(r-u 2 

10 

i »-i 3 

23 

23 

80 

5 

7 

30 cc. —KC1 

i SO 

2 


6 


43 


56 


8 

30 cc. —KCl 



0 

3 5-<"> 


52 


80 


9 

50 cc. —KCl 

-\v> 

\ 

0 

6 


53 


40 


10 

50 cc - SrCl) 

260 

2 

<r 2 9 

7 V-8 5 


43 


102 


11 

33 cc —ICHjCOtJiCa 

*50 

1 

S 

*0 


70 


68 



Saturated solutions were used in liegmning all experiments. The porous 
cups holding the mercury (cathode) were immersed o 5 to 1.0 cm. in 
the electrolyte. Those used m Kxpts. 1 to 3 were 21 mm. and those in 
4 to 6 were 40 mm. in diameter. Run 1 yielded a solid crystalline amal¬ 
gam and yet no endosmosis took place. The cup had been soaked in 
water for 24 hours previous to the experiment. Expt. 2 was suddenly 
terminated by the deposition of a crust of salt on the outside of the cup. 
The cup had been soaked an hour before starting. The amalgam was 
solid when poured into water at 22°. In Expt. 3 a low voltage was used 
to find the influence of such voltage on osmosis using nearly triple the 
time of Expt. 2. Solid amalgam was not produced. The cup had been 
soaked 45 minutes previous to the experiment. Expt. 4 duplicated the 
conditions and results of Smith and Withrow, 5 usmg a common but differ¬ 
ent make of porous cup of 4 X 8 cm. There accumulated 38 mm. of solu¬ 
tion on top of the amalgam and it was still rising when the current was 
stopped, though solid amalgam was not reached. In Expts. 5 and 6 
with lowered voltage using the same cup, no electro osmosed solution ap¬ 
peared until after 2S to 30 minutes. This showed the depressing effect 
on electro endosmosis of lowered voltage and the concomitantly lessened 
current flow. It appears from these results that the electro endosmotjc 
effect is somewhat modified by the character of the porous cell used, but 
any failure to appear or any retarding action can be overcome in all the 

1 Shepherd, lee. iH.; ami Smith and Withrow, tor. cU. 

'IUd. 
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types of cup at our disposal by raising the voltage (increasing the current 
density). The exact figure will vary with the individual cup, but we 
found steady endosmosis, using 20 to 25 volts in place of the 6 to 8 volts 
of Shepherd on amalgams. This conclusion is borne out by the experience 
recorded by Smith and Withrow, 1 who used as high as 22 volts in cute 
case, but did not note its influence. A study of the relation between 
porosity and this endosmotic effect, as well as the relation of other factors, 
would be of further interest, but was not necessary to accomplish our ob¬ 
ject. Potassium sulfate appears to be more satisfactory than the chloride. 
The Shepherd mercury cathode cups appear to have advantages for the 
study of this phenomenon of whose bearing upon the design and opera¬ 
tion of commercial alkali-chlorine diaphragm cells there is too little ap¬ 
preciation. The matter merits further study. 

Lecture Demonstration of Electro Endosmosis with the Shepherd Cell. 

For the Shepherd device as a lecture demonstration of electro endos¬ 
mosis, one should use a good grade of porous cup about 40 X 80 mm. 
It should be held by a clamp so that it visibly extends one cm. or less be¬ 
low the level of the anolyte, preferably saturated potassium sulfate solu¬ 
tion contained in a beaker The whole should be supported so that heat 
may be applied if necessary. A layer of mercury 5 mm. deep as cathode 
within the porous cup is electrically connected by a platinum point pro¬ 
truding from the usual glass seal connection. To facilitate prompt ac¬ 
tion the cup may be soaked in a dilute solution of the electrolyte over¬ 
night prior to the demonstration. Any form of platinum anode may be 
used in the beaker containing the anolyte. Twenty to twenty-five volts 
will suffice to enforce electro endosmosis with the ordinary porous cup. 

Solid Alkali-Amalgams.--In the course of the work on electro endos¬ 
mosis there was opportunity for parallel runs for the electro production 
of solid alkali-amalgams by other methods. Examples of these arc given 
(Expts. 7 to 11) in the above table. In all of these cases the procedure 
of Smith and Bennett’ was followed. 

Potassium Amalgam .—When poured into water, Expt. 7 gave a t hick 
but not solid amalgam due to furnishing a larger area for decomposition 
than did Smith and Bennett. Using the same size beaker as used by 
them, after 10 minutes in Expt. 8, crystals of amalgam began to form on 
top of the mercury* and rapid evolution of hydrogen took place when the 
crystals were not constantly stirred into the mercury. Upon pouring 
into cold water the amalgams did not form a solid cake, but masses of 
fine crystals could be fished out with the fingers. The product of Expt 

1 Lee. cit. 

* This JOURNAL, 31, 799 (1909). 

» /. Pkyt. Chen., *0, 330 (1916), 
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9, where crystals began to form in about 15 minutes, did solidiiy when 
poured into a beaker of water surrounded by ice. The amalgam re¬ 
mained solid at 5 0 . 

Strontium Amalgam.—In Expt. 10 there was a 24-minute interruption 
in the middle, due to cessation of current The resulting amalgam was too 
thick to pour and when it was dumped into cold water it appeared solid 
or in a very thick semi-solid state. The cessation of the current was due 
to the fouling of the platinum wire by an accumulation which shut off 
the current. 

Calcium Amalgam. —In Expt. 11 solid calcium acetate was added from 
time to time. After 2 or 3 minutes the solution became milky and turbid, 
and in 10 minutes it became black and a thick, gray mixture of calcium 
hydroxide and mercury was obtained as in our previous work Repeti¬ 
tion in a freezing mixture gave no improvement. Experiments with non- 
aqueous solutions such as calcium bromide in absolute ethyl alcohol, and 
calcium chloride in methyl alcohol, 1 all gave the same results as aqueous 
solutions. Patton had deposited metallic calcium on platinum elec¬ 
trodes from the last electrolyte but stated that the hydroxide was deposi¬ 
ted from ethyl and amyl alcohols. The preparation of solid calcium 
amalgam seems to depend upon the prevention of the formation of the 
hydroxide which is greatly accentuated in the case of calcium, is present 
in the case of strontium, but practically lacking in the case of barium. 
It is possible that electrolysis in solutions at just about their freezing 
points, might give satisfaction, or below the freezing point of water 
in the case of organic solvents. The observations of Reed 3 and of Haber,* 
on the projection of metallic lead into the solution when aqueous sodium 
hydroxide is electrolized with lead electrodes would appear to have a 
suggestive bearing on the formation of the black mixture of metallic 
mercury and calcium hydroxide. The calcium amalgam attacks the 
electrolyte so strongly that it holds the mercury in finely divided state in 
the calcium hydroxide product. 

Laboratory or Industrial Chemistry, 

Columbus, Ohio. 

1 H. E. Patton, Jairb. EUHrochcm , 13, 429 (1903). 

* J. Frank. Inst , April, 1893 

* Trans. Aw. EUctrackrm Sot., a, 189 (1901). 
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{CONTammON FROM THE CHEMICAL LABORATORY 01 ThE Ditto STATE UWVERSnT.] 

FURTHER STUDIES ON A LEAD STANDARD CELL. 

By M. G. Mellon and W. K. Henderson, 

RectivMi December IS. 1919 . 

Part I. Introduction. 

A. General. —It is now well recognized that there is neither a large 
number nor a wide variety of types of arrangements suitable for the chem¬ 
ical combination known as a standard cell, the important, ultimate .stand¬ 
ard employed in the establishment of the unit for the intensity factor of 
electrical energy (electromotive force!—the volt. 

The requirements for such combinations have been pointed out at 
various times, and many efforts have liven made to select the most satis¬ 
factory ones. 1 For their construction llulett 5 and his co-workers con¬ 
clude that, in addition to mercury, "zinc and cadmium are the only two 
metals which fulfil the (required) conditions,”- and, '‘it is improbable 
that the other metals will be found of service in standard cells.” 

In an earlier paper 3 there were presented the results of certain work 
done in this laboratory upon a lead cell, consisting of the arrangement 
Pb.Ilg { PbSO< || Na*SO<.JoH *0 !| HgsSO, j Hg, 
in which Pb.Hg represents a saturated amalgam,* and Na*SO<.joHjO 
represents a solution in equilibrium with an excess of sodium sulfate deca- 
hydrate. (Similar cells, using unsaturated amalgams, were also studied; 
but such cells, although sufficiently constant, are not easily reproducible 
since their electromotive force is a function of the concentration of the 
lead in the amalgam.) Because of its constancy, ready reproducibility, 

1 A complete bibliography is too extensive to mention here, but the following will 
furnish the important references Jaeger, "Die Normalelemente.” (190*); Abegg- 
Aucrbach - Luther, "Measurement of Electiomotivr Purees of Galvanic Celia with 
Aqueous Electrolytes" (Bibliography to 1910); "Bulletins of the Bureau of Standard*." 
Reports of the Physikalisch-Tcchnischc Reich lansUlt, Reports in Bull. Sac, Intern. 
Elect.; Chem. Air.—Decennial Index, p ijjo (Work from 1907 to 1917); Certain 
references not included above, Carliart and Huletl, Trans Am. Electrochem. Sac. 
5 . 59 (i 9 <H); Carhart and Huletl, ibid , 6, 109, 118, (1904 1 ; Wolff, ibid , 3, 49 (1904); 
Hulett, ibid., 7, 733 (1905). 9 , 239 O90G), Wilsmore, Z. Mteslrocbem., to, 685 (1904); 
Steiowehr, ibid., 12, j78 (191/,), Remders, Z. phynk. Chem.. 41, * 3 g (1903); Barne*. 
J. Phys. Chem., 4, 339 (1 900); Barnes and Lucas, 1 Hd., 8, 196 (1904); Comm. Report, 
Chem. News, 90, 235 (1904) 

» Trans. Am. Electrochm. Sac , 14, ftj (1 90S) ; This Journal, 38, so (1916). 

* Henderson and Stegemau, Tins Journal, 40, 84 (1918). 

‘ Gouy, \J. physique, 4, 320)), gives the solubility of lead in mercury a* 
t,3 Ac- As noted previously, Pusehin has shown that amalgams containing between 
t. 8 % and 66 % exhibit the same electromotive force; and Kay and North state that 
amalgams containing between 3% and js%, arc 3-phase systems, consisting of a gran- 
tdar phase of constant composition (PbtHgj, and a liquid phase which has also a defini te 
composition when equilibrium is reached. 
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and small temperature coefficient, this cell was suggested as a posable 
standard of electromotive force. The essential chemical reaction of the 
cell seems to lx represented by the equation 

Pb + HgrS0 4 —h- PbS() 4 -f aHg, 

in which the sodium sulfate does not function directly, but merely 
affects the solubility and the ionization of the sulfates of lead and 
mercury. This cell resembles the one studied by Babinski,' having the 
arrangement 

Pb.Hg i PbCl, |j 0.25 N HC 1 + .V N'aCl || HgjCl* | Hg. 

B. Object of the Present Investigation.- -In the earlier work pre¬ 
liminary experiments with cells containing potassium sulfate instead of 
sodium sulfate indicated that the former salt could not be used in such a 
combination. Since the above type of cell differs from the Weston and 
the Clark cells in that it contains one more solid phase and one more com¬ 
ponent, and since it may offer, therefore, a possibility of some secondary 
reaction, such as the formation of a double salt, the present work was 
undertaken, having as its object (1) the determination of the effect on 
the electromotive force of the cell arising from the sul>stitution for the 
component mentioned above, of other components, such as would be sup¬ 
plied with the use of other well-defined, soluble sulfates; and {2) an in¬ 
quiry concerning the possible cause for any difference between the electro¬ 
motive forces of the cell containing sodium sulfate and those containing 
the other sulfates. 

Cells were constructed, therefore, using not only sodium sulfite, but 
also, in its stead, the well-defined, soluble sulfates of potassium, lithium, 
magnesium, nickel, cobalt, zinc, manganese, cadmium, and copper. The 
following pages present an account of the experimental methods em¬ 
ployed, the measurements made together with a discussion of them, and 
the results of work done because of certain observations made during the 
earlier part of the investigation. 

Part II. Experimental. 

A, Apparatus.— The apparatus used was essentially the same as 
that employed in the earlier work. The measurements were made by 
the compensation method, using a potentiometer reading to 0.00001 volt, 
in connection with a correspondingly sensitive galvanometer. A lead ac¬ 
cumulator furnished the compensating current, and 2 certified Weston 
standard cells, recently checked, served as references. All measurements 
were made at 25 o° * o.oi°, as indicated by a thermometer standardized 
by the Bureau of Standards. 

1 Dtseeftation, Lelpri*, 1906. 
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B. Source and Purification of Materials.—The original materials 
used for the preparation or the purification of the final compounds or 
metals were the best obtainable. Conductivity water* was used through¬ 
out the work for the preparation of solutions, recrystallization of salts, 
etc. The mercury was purified by the methods of Hildebrand* and of 
Httlett.* The mercurous sulfate was prepared by the method of Hulett. 4 
Two recrystallizations were made on the lead nitrate.* Lead sulfate 
W8S prepared as before® and preser\ ed under dil. sulfuric acid. 

The lead amalgams were prepared elect roly ticully, following some¬ 
what the method of Goodwin. 7 In a small crystallizing dish were placed 
2 porcelain crucibles. In one was a weighed amount of mercury (30 to 
50 g.) under the surface of which dipped a platinum wire sealed into a 
glass tube, the whole serving as a cathode. In the other a circular anode 
of platinum foil about 2.5 cm. in diameter was suspended horizontally 
half way from the bottom. The dish was nearly filled with a io f solu¬ 
tion of lead nitrate, covering the crucibles. A current of approximately 
40 milliamperes from a large storage cell served for the electrolysis. As¬ 
suming that the deposition of lead follows Faraday's law, 2 couloiri- 
eters were placed in the circuit, a water coulomcter to indicate when the 
approximately desired deposition should have taken place, and a copper 
coulometer for the more exact determination.® 

The soluble sulfates used were recrystalhzed twice, and only those forms 
that are stable at room temperature were obtained and preserved. These 
salts included the following, and the methods followed were substantially 
those given in the references: The sulfates of sodium,® potassium, 10 

* Moseley and Meyers, This Jolrnal, 40, 1409 (1918) 

* Ibid . 31, 933 (1909). 

* Pkys, Rn.. 33, 307 (1911). 

4 Ibid.. 32, 257 (1911). 

'Baxter, This Journal, 37, 1027 (1915), Rjckrik and Lembert, tbid. 36, ij 32 
(*9>4). 

* Henderson and Stegemaa, loc. cit 

* Z. pkys. Ckttn , 13, 596 (1894) 

* The validity of this assumption is now the object of a further investigation. 
A relatively thick coating of lead peroxide always formed on the anode, and the solu¬ 
tion became distinctly acid. Since amalgams containing between 2 and 60% of lead 
show the same potential, the present work is unaffected by this uncertainty, except 
for some question regarding the exact percentage of lead in the amalgams. All those 
used contained a solid phase. 

* Henderson and Stegeman, This Journal, 40, S 4 („,8) ; Richards and Yngvc, 

Usd., 40, 164 (1918). 

"Carvelh, J. Pkys. Chtm., a, 300 (1898); Abegg, "Handbook taorg. them.. 1 ’ 1,377 
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lithium, 1 nickel,* zinc,* cadmium/ magnesium/ cobalt/ manganese/ 
and copper.' 

C. Construction of Cells, (a) Saturated Cells.—In the case of all 
saturated cells, the paste was prepared and the cell constructed, in gen¬ 
eral, according to the method of Henderson and Stegeman. The follow¬ 
ing should be added: the excess solution of lead nitrate in the crucible 
over the amalgam was displaced by water and then by the solution of 
the sulfate being used for the cell. Some of the latter solution remained 
over the amalgam until its transfer to the cell in order to prevent oxida¬ 
tion. 

(b) Unsaturated Cells.—No solid, soluble sulfate was used in the 
paste in the unsaturated cells, and the saturated solutions of sodium sul¬ 
fate, etc., used above were replaced by solutions which had been saturated 
at so 0 , this temperature being below that prevailing in the laboratory. 

D. Experimental Data, (u) Preparation of Amalgams.—From the 
weight of copper deposited in the copper coulometer was calculated the 
equivalent weight of lead which should have been deposited in the mer¬ 
cury cathode. This weight, together with the weight of mercury taken, 
formed the basis for the calculation of the percentage of lead in the amal¬ 
gams. 

(b) Determination of the Electromotive Force of Cells of the Satur¬ 
ated Type.—In reporting the results of the measurements made it is 
not possible to include all of them, since 80 new cells measured over the 
period of time studied resulted in a large number of individual determina¬ 
tions. Table I shows a typical series of measurements for one of the 
salts, nickel sulfate. It is also representative of the results for all cells 
showing a constant electromotive force. The time required for the at¬ 
tainment of equilibrium, as indicated by the constancy of electromotive 
force, varied widely. The cells containing zinc sulfate, for example, 
were constant in 4 days after their preparation, while those containing 
potassium sulfate never became constant. 

* Abcgg, "Hondbuch Inorg Chem.,” 1, *38 (1908). 

* Rescue and Schorlcmmer. "Treatise on Chem.,’’ a, 1309 (1914). 

1 Roscoe and Schorletnmer, "Treatise on Chem.," a, 657 (1913); Jaeger, Wied, 
Ann., 63, 354 (1897); Hulett, Pkys Rev , 31, 266 (1911); Lamb and Lee, This Journal. 
35, <666 (1913). 

4 Hulett, be, cii. 

* Rcscoe and Schorlcmmer, ibid, 634 (1913); Harkins and Paine, Tara Jocxmaju, 
4*, t«j8 (19*9); Lamb and Lee. /or, cii. 

* Rescue and Schorlemmvr, ibid., 116$ (1913). 

T Roscoe and Schorlcmmer, ibid., ujo (1913); Friend. “Inorg. Chem.,” 8,307 (1915); 
Line bar ((cr, Am. Cham. 15, aas (1893); Cottrell, J. Phyt. Chem., 4,637 (1900). 

* McIntosh, ibid., *, 189 (1898); Carvetb, be. cit.; Henderson, "Inorganic Prep¬ 
arations'' (unpublished book). 
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Table T. —Cells Contawino Nickel Sulfate, NiSOi.yHiQ. 

Made March it, 1919. Temp. 25°- Amalgam, 3.50% lead. 

E, m. I- 


Date. 

1919 . 

No. IS 

No 19 

No. 20 . 





March 13. 


0 96465 

0.96465 

March 14. 


0 96467 

0.96470 

March at. 

. 0 96465 

0 96465 

O 9646S 

April t. 


O 96466 

O.96466 

April 16. 

. 0.96465 

0 96466 

0.96466 

April 30. 

. 0 96465 

O 96466 

O 96466 

May 3. 


O Q6466 

0 96466 

May 24. 

... 0 96465 

O 96466 

O 96466 

May 30. 

. 0 96465 

0 96466 

0 96466 


Table II contains a summary of the results obtained for the saturated 
cells. The value recorded for the observed electromotive force, for cells 
showing a constant electromotive force, is the value maintained during 
the period of observation; while for those not showing constancy, it is an 
average of the values observed after the cells were a week old. The elec¬ 
tromotive force of cells containing cadmium sulfate showed a rather con¬ 
sistent increase over the period of observation; but those containing 
magnesium or lithium sulfates did not, and in the case of potassium sul¬ 
fate, the values varied widely from day to day.' 

Since the original combination was suggested as a possible standard 
of electromotive force, it was particularly desirable to obtain some measure- 
ments on the cells prepared 2 years earlier. Unfortunately, owing to 
faulty sealing, only one cell was found to be in good condition, the others 
having evaporated to such an extent that the electromotive force exhibited 
was unreliable. The one cell was measured along with the new ones, 
and it is noteworthy that its value practically coincided with those of 
the new ones containing sodium sulfate. The results for the latter cells 
indicated a verification of the earlier results. This undoubtedly points 
to a marked constancy, but further data is desirable on the question of 
constancy for a long period of time. 

Neither ammonium sulfate nor calcium sulfate was of value for cells. 
The fanner reacts with mercurous sulfate; and the latter, because of its 
small solubility, does not prevent the hydrolysis of the same salt of mer¬ 
cury. 

(c) Determination of the Electromotive Force of Cells of the TJn- 
saturated Type. “-Jaeger* has shown that Clark cells containing more 
than one hydrate of zinc sulfate exhibit considerable variation from the 

1 There was marked evidence of hydrolysis of the mercurous sulfate in tine MU* 
containing potassium sulfate, as shown by the appearance of the yellowish, toggle salt, 
after they had been constructed a day. 

* Loc. tit. 
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Table II.—Satusatkl Cells. 


No. 

Soluble lutfutc 

% Pb in 
amalgam. 

jVriod Of 
observation. c. 

Ob«rved 
ni. t, Volta. 

Average varia- 
tkm. Volta 

I....... - 

Jsf a*SO«. 1 ( > 11 2 0 


2 yr. 4 mo. 

0,96466 

*0.00001 

2.* . « 

NajSOt.ioH-iO 

3 . 15 

Days 

90 

O 96466 

0.00002 

3 . 


3 oH 

<4 

O 96466 

0-00002 

4 . 


3 o.S 

90 

O - 96466 

0.00002 

.?. 


3 r>H 

1 4 

O 96466 

0.00002 

6. 


3 

7 

o. 96465 

0.00002 

7 . 


3-33 

20 

0. 96465 

0 00002 

8 . 


.123 

7 

0 .96466 

0.00002 

9 *. 

K*so, 

3 02 

90 

J 0300 

0.005 

IO . 


3 02 

90 

I 0270 

t> 008 

II . 


3 -02 

90 

I 0260 

0.010 

1 2* . 

Li,SO, 11,0 

2 9 ft 

75 

0 9620 

0.0010 

1.7. 


- 9 ^ 

75 

0 9615 

0.0007 

14. 


2 9H 

75 

D.Q620 

0.0005 

15*. 

MftSO, ;H:' > 

2 **4 

60 

0 9608 

0 0008 

16 . 


«4 

60 

0.9600 

0,0007 

* 7 . 


2 84 

60 

O,V6lO 

0.0010 

IS’ . 

NiSO, ?H ,0 

.7 5 <> 

So 

0.96465 

0.00001 

19. 


3 So 

so 

0 96466 

0 00001 

70 . . . 


3 .V> 

So 

0.96466 

0.00001 

31 . 

CuSO.sH/) 

3 1 6 

71 

« .7489 

0.0003 

22 


3 *6 

21 

0 3490 

0 0003 

2.7 . 


3 16 

2 l 

0 ,7489 

00003 

J 4 

CdSO, .*/,».<> 

3 S* 

3 ° 

O 9530 

0.0010 

75 . 


3 

SO 

O 9540 

0.0012 

26. 


.7 58 

3 '> 

<> 95.75 

o.oota 

27. . .. 

ZnS0,.7H 5 0 

.7 5 * 

3 ‘> 

0 9648O 

0 00001 

J8. 


,7 56 

30 

0 96479 

0 00001 

3 Q . 


3 56 

3 ° 

0.96480 

o.oooot 

i» . 

MUSO..5H/) 

.7 • .79 

M> 

O 1/1478 

0.00001 

SI. 


.7.79 

So 

O.96478 

0.00001 

. 


3 39 

So 

0 96479 

0.00001 


* Duplicate sets sluiwctl similar results. 


expected voltage, and that the raetastability of the system may persist 
for some time. It seemed possible that a similar cause might account 
for the unsatisfactory results in the above cells containing the sulfates 
of potassium, lithium, magnesium, and cadmium. Therefore, in order 
to preclude the presence of any unsuspected, solid phases in these cells, 
unsaturated cells were constructed for most of the salts, similar to Weston 
unsaturated cells. The solutions were saturated at ao° by stirring the 
soluble sulfate and lead sulfate for j hours, and filtering off the excess 
salts. These solutions were unsaturated, then, at 25®, Table III pre¬ 
sents the results of the measurements. In the column indicating Che 
salt used, the formulas employed indicate that the salt was not present 
as a solid phase. 
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On account of the hydrolysis evident in the cells containing saturated 
solutions of potassium sulfate, no unsaturated cells were constructed 
using this salt. 

Tabus III.— Un&atusatbd CiftM. 





Period of 

Obiter red 

Avtnajfe 


Soluble 

% Pb io 

observation 

e to t . 

variation. 

No. 

sulfste. 

amalgam 


VoUs 

Volt*, 

1*. 

.... Na£0 4 

3 s» 

55 

0 96466 

*0,0004 

2 ......... . 




0 96466 

0 0003 

3. 




0 96466 

0.0002 

4 . 

.... USO, 

3 8.1 

17 

0 9620 

O 0005 

5. 




0 9610 

0 0008 

6... 




0 9600 

0 ooos 

7 . 

... MgSO« 

3 9 » 

!5 

0 961s 

O OOI5 

8. 




0 9600 

O 0020 

9 . 




0 9622 

O 0005 

10*. 

.... NiSO* 

4 19 

20 

0 96430 

0 00005 

II... 



50 

0 96430 

0 00030 

12. 



s<> 

0 96433 

0 00013 

13*. 

.... CdSO, 

3 «4 

35 

O 95^0 

0 003 

M. 




0 95*0 

0 003 

*5 . 




0 9530 

0 003 

l 6 . 

.... ZnSO< 

3 38 

35 

0 96478 

0 00003 

*7 . 




0 96477 

0 tXiooj 

18. 




0 96476 

0 00002 

>9 . 

.... C0SO4 

3 59 

33 

0 961478 

0 0001 

20 . 




0 96478 

0 0001 

21 . 




0 96476 

0 0001 

22. 

.... MnSO, 

3 Si 

30 

□ 96478 

0 00004 

33 . 




0 96478 

0 00003 

34 . 




0 96478 

0 00004 


* Duplicate sets showed similar results 

(d) Evidence of the Formation of Double Salts. Previous Work — 
The second effort to find some explanation of the erratic results obtained 
with certain cells was an attempt to determine whether any secondary 
reaction occurred in the cells, such as the formation of double or complex 
salts. 

Several investigators 1 have studied the double salt potassium lead 
sulfate, the analyses showing the formula KjSOcPbSO*. Brftnstcd 
states that it is a finely crystalline powder, very similar to lead sulfate; 
and that it is always formed {for instance, on the addition of a solution 
of lead nitrate to one of potassium sulfate) instead of lead sulfate if the 
concentration of potassium sulfate is greater than 0.4% He stales, in 
his studies on chemical affinity, that the chemical reaction in cells con¬ 
taining sodium sulfate is represented by the direct electrode reaction: 

* Becquerel, Cempt. rend., 63, 1 (1866); Ditte. Ann. tUm. pkys„ fj] 14, 190 (1878); 
Fox* /. Chm. Sec., M, 87S (1909); Barre, Compt. r end., 149, 39* (1909); Brtasted. Z. 
Mr**- CJum., Th 3*5 <* 9 *«): Gwtaun, l snort. Chm., St, (19*5). 
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Pb + HgjSO< —► PbSO« + rHg, 
while that with the use of potassium sulfate is 

Pb 4 - HgjSO* + KjSO, —v KjSOi.PbSOi + aHg. 

The latter arrangement, because of the formation of the double salt, 
gives a considerably higher electromotive force, the difference between 
the 2 being a measure of the energy of reaction for the formation of the 
double salt. 

He maintains further that the thermodynamical requirement that the 
electromotive force be independent of the concentration is fulfilled at 
22 0 , but not at 60-100°, and that the lower temperature probably gives 
the correct values. 

The values obtained by the authors for cells containing potassium sul¬ 
fate' are somewhat lower than those of Bronsted. Furthermore, at no 
time was it possible to obtain with these ceils such constant values as 
were reported by him. 

Present Work. —The following methods were employed in a search for 
double salts in certain cells. 

1. Analytical. —For the preparation of the suspected double salt, a 
k/’[ solution of lead nitrate was added slowly and with rapid stirring to 
a solution of 3 times its volume, nearly saturated with the sulfate being 
tested—potassium, lithium, magnesium, or cadmium. A second method 
was to reverse the process, adding the sulfates to the lead nitrate. 

Analyses of the white products showed them to be only lead sulfate, 
except with the use of potassium sulfate, where the results corresponded 
to those found by Fox’ for potassium lead sulfate. 

2. Microscopic. —Examination under an ordinary microscope of the 
above salts, even after continued digestion in the mother liquor, revealed 
no characteristic difference between them and pure lead sulfate. 

3. Themumetric .—Based on the statement of BrOnsted* that the tem¬ 
perature of a saturated solution of potassium sulfate rises several degrees 
upon the addition of solid lead sulfate, owing to the heat of formation of 
potassium lead sulfate, the following method was adopted as a qualita¬ 
tive means of determining whether there was any thermometric indica¬ 
tions of the formation of double salts: 

Two large, insulated test-tubes, fitted with a stirrer to agitate the solu¬ 
tion in each equally, were placed near together with a Beckmann ther¬ 
mometer in each. In one was placed about 25 ec. of a solution of potassium 
sulfate nearly saturated, and in the other an equal volume of water, all 
materials used being at room temperature. When the readings of tem¬ 
perature were changing equally, about 10 g. of solid lead sulfate was added 
to each tube and the readings continued. Similar experiments were made 
1 Lee. e&. 
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with mercurous sulfate, sulfuric add of sp. gr. i .15 replacing the water, 
cfoce mercurous sulfate reacts with water. 

On adding lead sulfate to the solution of potassium sulfate, the ther¬ 
mometer in the latter showed a marked rise, compared with the other 
instrument, which was still changing at the same rate as before. This 
was taken to be the result of an exothermic reaction between the lead 
and the potassium sulfates, and to indicate the formation of a double salt. 
No other combination tried, either with lead sulfate or with mercurous 
sulfate, showed any similar evidence of chemical reaction between the salts. 



Pig. x —Changes in temperature of solutions of lithium suifutc and of potassium 
imitate before and after the addition of solid lead sulfate to each The dotted line in¬ 
dicates the time of adding the lead sulfate. 

Fig- i is a graphical representation of the results for potassium and for 
lithium Sulfates, in which time is plotted against change of tempera¬ 
ture. Otoly constancy or inconstancy of the difference between the read¬ 
ings of the 2 thermometers, and not the actual values plotted, is of signi¬ 
ficance. 

E. Discussion. -A mong the fundamentally important points in the 
considenstion of any combination as a possibility for a standard cell 
are its constancy, reproducibility, value of electromotive force, tempera¬ 
ture coefficient, and possibility of showing hysteresis. 
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(a) Constancy.—Evidently for the period .studied, these cells may be 
grouped into 3 classes: first, those showing marked constancy, and, ap¬ 
parently, meeting the requirements of a standard (a conclusion supported 
by the results tor the one older cell)—these include the saturated cells 
containing the sulfates of sodium, nickel, cobalt, manganese, and zinc; 
second, those showing no constancy, including saturated cells containing 
the sulfates of potassium, lithium, magnesium, cadmium and copper, 
and unsaturated cells containing the sulfates of lithium, magnesium, and 
cadmium; third, those constant for a short time, including unsatnrated 
cells containing the sulfates of sodium, nickel, cobalt, manganese, and 
zinc. 

(b) Reproducibility.-In general, the reproducibility of the cells 
followed closely parallel with their constancy, that is, those showing a 
satisfactory constancy were readily reproducible, and vice vena. Satis¬ 
factory cells agreed with each other within 0.02 or 0.03 millivolt. An ex¬ 
ception to this generalization occurred m the case of cells containing 
copper sulfate, which seemed to agree very well but showed some incon¬ 
stancy. Also certain unsaturated evils, such as those containing sodium 
sulfate, agreed as long as they remained constant 

(c) Value of Electromotive Force.- The electromotive force of all 
constant cells was sufficiently large for the ordinary uses of standard 
cells, being nearly as large as that of Weston cells 

(d) Temperature Coefficient and Hysteresis. -The work of Henderson 
and Stcgeman showed satisfactory temperature coefficients for the cells 
then studied. Further observations on this point and studies on the 
possibility of hysteresis are contemplated 

0 ) General.— Brdnsted s statement that the electromotive force is 
thermodynamically independent of the concentration of sodium sulfate 
seems to be somewhat confirmed, since the present saturated cells contain¬ 
ing sodium sulfate practically agreed with the unsaturated ones (while 
constant). Also the electromotive force of the other constant cells, con¬ 
taining other salts, varied by only a small difference from the values for 
the cells containing sodium sulfate. For example, the 3 sulfates, cobalt, 
zinc and manganese, gave cells with a slightly higher electromotive force 
than the sulfates of sodium and of nickel, the latter 2 salts are less solu¬ 
ble, and hence, furnish a smaller concentration of dissolved salt. 

It should lx* noted that the exact conditions of concentration and ion¬ 
ization prevailing in the systems studied are not simple. Using sodium 
sulfate, for instance, we have in the arm of the cell containing the amalgam 
the ions formed from the dissolved portion of the slightly soluble lead sul¬ 
fate in the presence of the ions formed from the dissolved portion of the 
very soluble sodium sulfate dccahvdrute On the one hand, because of 
the contribution of the common ion, SO, “ •, from the large excess of sodium 
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sulfate, one might expect some effect of mass action, resulting in a slight 
decrease in the solubility of the lead sulfate, and, therefore, in a slight 
change from the ionization relationships obtaining for lead sulfate in 
water alone. Also it is probable that, with the use of a salt having a solu¬ 
bility differing considerably from that of sodium sulfate, we might ex¬ 
pect some difference in the magnitude of the effect on the ionization of 
the lead from lead sulfate, and, hence, a slight variation in the resulting 
electromotive force. The solubilities of sodium and of nickel sulfates are 
about the same at 25 0 and the electromotive forces of the 2 cells prac¬ 
tically agree. Also the sulfates of manganese, cobalt, and zinc have a 
considerably higher solubility, and cells containing these salts gave a 
higher electromotive force; but from this standpoint the manganese sul¬ 
fate should have given the highest. On the other hand, it must be borne 
in mind that some sparingly soluble salts arc more soluble in salt solu¬ 
tions than in water alone. The lack of accurate data on the points men¬ 
tioned, for the systems studied, makes largely a matter of speculation 
any present attempt to formulate conclusions regarding the exact contri¬ 
bution of these various factors in determining the final electromotive 
force exhibited. 

Calculation of the heats of reaction for the various cells should agree 
closely. On this point, using the familiar Gibbs-Helmholtz equation, 

Q - hF (E — T dEfdT) 0.2387, 

Stegeman* made 2 calculations of the heat of reaction; for cells containing 
sodium sulfate the error was 0.86%, and for those containing zinc sulfate 
0.19%, compared with the value calculated from tliermochemieal data 
for the reaction 

Pb 4 - HgjSO* —*• PbSOi + zHg. 

Similar calculations for the other constant cells should agree closely with 
the above, indicating that these salts probably do not function in tire above 
reaction, and that it is the only appreciable one occurring. 

* Conversely, since this Gibbs-Helmholtz equation gives a means of cal¬ 
culating the algebraic sum of the heats of all reactions proceeding when a 
cell gives a current, if some combination, such as the ones studied, gives an 
electromotive force appreciably different from those of the constant cells, 
probably the above reaction is not the only (me taking place. Cells con¬ 
taining potassium sulfate, for example, gave an electromotive force con¬ 
siderably higher than that obtained using sodium sulfate, indicating a 
secondary' reaction whose energy is added to that of the primary reaction. 
The process of this secondary reaction, forming a double salt, is exothermic, 
and the heat of this reaction corresponds with that calculated from the 
increase in electromotive force. 1 

1 ftegessn, Dissertation, Ohio State University, ipjy. 

’Brtasted, Ice. tit. 
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In the case of the cells containing copper sulfate there is evidently 
some chemical action other than the one between lead and mercurous 
sulfate, since the electromotive force produced is approximately */» that 
of the constant cells. Copper is below lead in the electromotive series, 
and, therefore, one would expect a displacement of the copper in the copper 
sulfate by the lead of the amalgam to form more lead sulfate. This re¬ 
action would be continuous until equilibrium were reached because of 
exhaustion of the lead in the amalgam or of the copper sulfate. Because 
of the comparatively large excess of copper sulfate, the lead should be 
exhausted first, and the displaced copper should form an amalgam. This 
would leave as tne essential constituents of the reacting system the fol¬ 
lowing arrangement: 

Cu.IIg ! CuSOi slIjO j| HgjSO* | Hg. 

In this system would lx- also the lead sulfate originally added in addition 
to that formed by the displacement of the copper from some of the copper 
sulfate. The essential reaction of the cell would now be represented by 
the equation 

cu + iigsSCh —■»- cuso* + 2iig. 

The probable correctness of the latter conclusion seems to be supported 
by the work of McIntosh* on a cell constructed according to the arrange¬ 
ment 

Cu | CuS 0 < 5 II 2 0 Hg-SO* | Hg 

For this combination he obtained an electromotive force of 0.3580 volt 
at 32 ° as a mean for 4 cells; using his temperature coefficient, this value 
becomes 0.35605 volt for 25'’. The mean value for the authors’ 3 cells 
is about 0.3487 at 25It should l»c borne in mind, however, that Mc¬ 
Intosh used a pure copper electrode, while the present electrodes are 
copper amalgams.* Also he washed his mercurous sulfate with water, 
which seems a questionable procedure in view of later work with this 
compound for use in Weston and in Clark cells 

Part III. Summary and Conclusions. 

A. —A galvanic cell constructed early in 1917 according to the ar¬ 
rangement 

Pb.IIg 1 PlxSO, NajSCh. toHjO |j HtSO, \ Hg, 
in which Pb.Hg represents a saturated amalgam, and PbSO*, NatSQ*- 
ioHjO, and HgjSO*. represent saturated solutions, has been measured and 
found to give the same electromotive force as new cells of the same con¬ 
struction, and to have a constant value throughout the present work. 

B. —Similar saturated cells have been studied using, in addition to 

* /. Pbyi, Ch*m., 3, 1S9 (1898). 

* Amusing a lead amalgam of ,\.i% lead to start, and the complete eibatntion of 
thb lead to displace copper, we should then bare an amalgam containing 0.96% copper. 
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sodium sulfate, the well-defined, soluble sulfates of nickel, cobalt, zinc, 
manganese, potassium, lithium, magnesium, cadmium and copper. The 
obser va tions on these cells indicate: 

(t) A confirmation, in general, of the work of Henderson and Stegeman 
on the constan cy and reproducibility of cells containing sodium sulfate, 

(2) That saturated cells containing the sulfates of nickel, cobalt, sine, 
or manganese are substantially as reproducible and as constant as those 
containing sodium sulfate. This constancy is usually attained within 4 
or 5 days, after preparation, and, for the time studied, these oetls appear 
to possess the characteristics necessary for a standard cell. 

{3) That the electromotive force of the constant cell seems to be nearly 
independent of the soluble sulfate used. The values for celto containing 
sodium sulfate or nickel sulfate practically coincide; while those for cells 
containing the sulfates of cobalt, zinc, or manganese are very dose to¬ 
gether, but slightly higher than the first 2. 

(4) That saturated cells containing the sulfates of lithium, magnesium, 
or cadmium are neither reproducible nor constant, although their electro¬ 
motive force is of approximately the same magnitude as that of the con¬ 
stant cells. 

(3) That saturated cells containing potassium sulfate are also neither 
constant nor reproducible. The mercurous sulfate in them was distinctly 
hydrolyzed, and their electromotive force was markedly higher than that 
of the other cells. 

(6) That saturated cells containing copper sulfate agree well among 
themselves but are not constant. Their electromotive force is approxi¬ 
mately one-third that obtained for the other cells, indicating that the sys¬ 
tem contributing the electromotive force has been changed, as a result 
of the obvious secondary reaction in which the lead of the amalgam dis¬ 
places copper and the copper goes to make up the amalgam, to that rep¬ 
resented by the arrangement, 

Cu Hg | CuS 0«.5H*0 |i HgjSO« j Hg. 

C. —Unsaturated cells containing the sulfates of sodium, zinc, nickel, 
cobalt, and manganese have been studied, and the observations on them 
indicate: 

(1) That they are as reproducible as the corresponding saturated 
cells. 

(2) That they give practically the same electromotive force. 

(3) That they are constant for a time and then begin to exhibit a do- 
creasing electromotive force. 

D. -—Two lines of investigation have been conducted in as effort to 
locate the cause of the u n sa t i sfact o r y results with saturated co ntain - 
big the sulfates of potassium, lithium, magnesium, or cadmium: 
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a. Unsaturated cells containing the sulfates of lithium, magnesium 
and cadmium have been studied, and the observations indicate; 

(1) That their electromotive force approximately equals that of the 
corresponding saturated cells 

(2) That these cells are equally unsatisfactory. 

(3) That the erratic values of the saturated cells are probably not, 
therefore, the result of the coexistence in the cell of the anhydrous sul¬ 
fate and a hydrate or of different hydrates, as has been noted in certain 
Clark cells. 

b. Evidence was sought, by means of analytical, microscopic, and thermo- 
metric methods, which would indicate whether the unsatisfactory results 
might be caused by the formation of double salts in the cells. The indi¬ 
cations were: 

(1) That analytically, there is evidence for the formation of only one 
double salt, potassium lead sulfate 

(3) That microscopically, no conclusions of value are possible. 

(3) That thermometrically, the evidence points to the formation of 
only one double salt, potassium lead sulfate. 

CotUHBVa, Ohio. 


I Contribution from this Research Laboratory op this Eastman Kodak Com¬ 
pany. No 84 1 

CHEMICAL INDUCTION IN PHOTOGRAPHIC DEVELOPMENT. 

I. INDUCTION AND THE WATKINS FACTOR. 

By S E Sheppard and G Meyer 

Received December 20, 1919 

In previous investigations on the theory of development 1 it was shown 
that the early stage of development is subject to induction effects, variable 
from one developer to another, and in each case a function of the bromide 
concentration. 

In particular it was shown that the action of bromide as a photographic 
res trainer consisted primarily in extending the induction period, or de¬ 
laying the initial precipitation of silver; equations for the velocity of de¬ 
velopment taking account of the initial retardation were developed. It 
was pointed out that while this initial induction is greatly extended by 
bromide that it exists in the absence of bromide, particularly in the case 
of hydroquinone.* With this developer it becomes more marked on 
lowering die temperature. 

In general, the induction is greater the less the reduction potential of 
the developer. The reduction potential of a developer was defined from 

1 8. 8- Sheppard, J . Cktm. Soc , 87,1311 (1905). 

*8.8. Sheppard, ibid., Rp, 530 (1906) 
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the equation for reaction and free energy; taking aa the general equation 
for the chemical change in development, 

Ag+ + R ^ Ag + R- 

then the free energy of the reaction is given to a first approximation by 
the expression (where [ ] signifies concentration). 

!Ag+] [R—] 


E = RT log 


iAgl [R-] 
[Ag + ] 


We can imagine this separated into RT log ‘ - which may be termed 


the self-reduction potential of the silver ion 1 and RT log 


(R“] 

IR-1' 


the reduc¬ 


tion potential of the developer. It is evident that the (initial) energy of 
development will be greater, the higher [Ag *•], concentration of silver ion, 
the lower [met. Ag], concentration of metallic silver. The latter is less, 
as degree of supersaturation, in the presence of a nucleus, such as the 
latent image affords; and the sujxTsaturation will be Jess the smaller the 
nucleus. 1 Similarly, for the reducing agent, the further the reaction 
phase R— —> R“ can go, the greater the reducing energy and the more 
bromide will be necessary to restrain it. 


The Watkins Factor. 

The Watkins factorial method of development was introduced by Mr. 
Alfred Watkins 1 in 1894. He found that the time from the pouring on 
of the developer till the first appearance of the image stands in a constant 
ratio to the time of development for a given constant density. The 
Watkins multiplying factor is the quotient of the time of development 
for this constant density (or constant llurter and Driffield development 
factor, 7). The Watkins factor, while showing certain variations for one 
and the same reducing agent, according to the composition and concen¬ 
tration of the bath, differs very considerably from one reducing agent to 
another. 

The foregoing analysis of the energy factors in development explains 
why on the whole high reduction potential developers have high Watkins 
factors and small induction periods. The explanation put forward by 
King don' that different reducers require different critical concentra¬ 
tions to initiate reduction, as accounting for differences in the Watkins 

1 Representing the reaction scheme Ag + + 9 —► Ag met. or the affinity for elec¬ 
trons, in other words, its position in the electrochemical series; inversely of course, its 
oxidation potential as oxidizer. 

•Nuclei below a certain magnitude will have a higher solubility. 

* See A. Watkins, "Manual of Photography." 4th Ed. Chicago, Burke and 
James. 190$. 

J ., 48 (N. S. 4a), 270 (1918), 
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factor, is obviously contained in this analysis; the critical concentration 
hypothesis is, however, incomplete, inasmuch as it does not take into 
account other factors which the free energy theory does, as for example, 
the influence of bromide It is then of considerable interest for the theory 
of development that it is possible to alter the Watkins factor for certain 
developers in the opposite sense to that effected by bromide. The agent 
we have used for this is a soluble iodide, e. g., potassium iodide in very 
small concentration. The peculiar “accelerating” effect of such iodides on 
development was first observed by A. I.ainer. 1 

Experimental. 

The greater number of our experiments were made with a pure silver 
bromide emulsion. The plates were exposed in an H. & D. type sensitom- 
eter and developed under constant temperature conditions. The value 
taken for the Watkins factor is in general more or less arbitrary, partly 
from the variable personal element in estimating the "time of appear¬ 
ance,” partly from the absence of a fixed convention as to the develop¬ 
ment factor. The essential point, for the theory of development, does not 
consist in the absolute values of the Watkins factor, but in this fact that 
if we take the ratios of the time for some very' low constant contrast, 
c. g. (time of appearance, t„) to the time to develop a definite high constant 
contrast, e. ?., 7 *= 1.00) this ratio t., = 1 ji„ — If, is characteristic of the 
developer, but varies widely from one developer to another. For our 
present work we have taken as Watkms factor t 1 <= 0.8/f, = If and 
obtained the following results: 

Concentration of Potassium Iodide 0.100 N • 0.0017%. 




Temperature 




TrpEttmtrut 

Reducer 

“ e 

Concent ration. 

\V 

ECert 00 IP. 

I’uitreat.c'l 

Eton* 

tR 

0 5 

{y>) 

Xt 




0 

.... 

Xi 




0.25 


Xi 

IVelrcaU-d 

Glycin* 

IS 

1 ,0 

(16) 

y. 7.2 

Prc treated 

Hydroquinone 

18 

.... 


X5 to 6 


Caustic 

* Eton is methyl p-nroitlojihcnol sulfate Elon Developer: Elon, J g,; sod. sul¬ 
fite, 75 £■; soil, carbonate. J5 g.; water, 1000 cc. 

* Glynn is p-phenyhmido-acetic acid. Glycin developer: Glycin, 60 g.; sod, 
sulfate, uo g.; seal- carbonate. >6s g ; pot. carbonate, 165 g.; water, 1000 cc. 

It appears that the “accelerating’’ effect of very dilute potassium iodide 
is practically absent with developers such as elon, having a high reduction 
potential and a large Watkins factor, while it becomes very marked with 
hydroquinone, which has a low reduction potential and a small Watkins 
factor. With the developers above, after a short initial stage, y is prac¬ 
tically unaltered by iodide. With hydroquinone carbonate, however, 

1 A. Lamer, Phot, Kerr., »$, 475 <>89*); ' Edct s Handbuch d. Photographic." jth 

Ito it* _ . 
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the whole development course is changed, particularly at low tempera¬ 
ture, as Shown by the following curves and data: 

Development with Hydroquinoue Carbonate. 

Temperature, 8°. 

Time of development 

*». Seconds. Minutes. y*. 


TjeMKO. 

Untreated. 

Treated. 

Untreated. 

Treated. 

Untreated. 

Treated. 

Untreated 

6 

30 

I 

I 

0.31 

O.07 

1.05 

I.S 4 

6 

28 

2 

2 

0 61 

0 34 

0.90 

0.90 

6 

30 

4 

4 

1 . 12 

0 96 

0.88 

0.84 


Watkins (actor: Untreated 7; treated 38. 


* y is the slope of the D — : log £ (density: log» exposure) curve, log i is the inter¬ 
section of the straight line portion with the abscissa. 

It will be seen that while the hydroquinone carbonate developer at 
low temperature has a very marked induction, this is largely wiped out by 



0.0001 N potassium iodide solution, giving in fact a developer of quite 
reasonable developing energy. 

Concentration of Potassium Iodide. 

The influence of the concentration of the potassium iodide on the initial 
development energy with hydroquinone is shown in the accompanying 
curve. It will be seen that over a certain range the effect is at a maximum 
and then declines rapidly, till permanent restraint as development is 
brought about. 

This latter effect is what we should expect since the iodide reacts with 
SUver bromide fonninp the lean soluble and 1mm ndunhU dm Wvfldr 


cwftww'JT, INDUCTION IN PHOTOGRAPHIC DEVBLOWCSNT. 693 


Nature of the Iodide Acceleration. 

What is the explanation of the peculiar acceleration at low concentra¬ 
tions? Sin e* 1 the effect can be produced by preliminary bathing with 
weak iodide solution followed by thorough washing, it is evidently con¬ 
nected With the fixation of small amounts of silver iodide in the silver 
bromide grains, and not due to any action of the potassium iodide on the 
developer. The only explanation so far proposed is due to Lfippo-Cramer. 1 
He supposes that in the conversion of a small fraction of the silver bromide 
molecules per grain into silver iodide that the halide grain is partly disin¬ 
tegrated or dispersed. The silver nucleus due to exposure is supposed by 
this to become more effective in accelerating reduction. This hypothesis 



of ‘'impeding" the nucleus (knmblosslegung) has always appeared very 
artificial and forced, but has been repeatedly reaffirmed by its author. 1 

White not readily susceptible of proof or disproof, it does not appear 
to tine up readily with the data brought forward here, i. with theqaan- 
titatiM dijjtmtccs in the iodide effect between one developer and another. 
In particular, the absence of an effect with ferrous oxalate appears in ex¬ 
plicable. It does, however, appear that an alternative hypothesis is 
possible of considerable higher probability. In a recent letter to the 
Photograph* Journal * it was suggested by one of us that an i mp ort an t 
phase in development consists in the formation of an intermediate com- 

1 PheL Km., 49, *6a (191s); 

* Cf. Phct, Km., ifta aid later. 

•ft *<./,■* 13 * (» 9 * 9 ). 
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plea between the silver halide and the reducer, and that this unstable 
intermediate complex undergoes internal decomposition to metallic sil¬ 
ver, more or less colloidal, and adsorbed to residual halide, plus discharged 
oxidized reducer and bromide ions Now it appears to us that such com¬ 
plex formation at the surface of the silver halide grains is in line with the 
behavior of potassium iodide. It is well known that silver iodide lias a 
high mordanting action for a considerable number of dyes. 1 



Fik S -Hydroqumoue carbonate at 8 * ki placed in developer 

Experiments show that either precipitated silver bromide or silver bro¬ 
mide emulsion acquires greatly increased dve absorption power after a 
preliminary treatment with dilute potassium iodide solution. On varying 
the concentration of potassium iodide the vanishing point,». e , the lowest 
concentration at which a difference in absorption could l>c observed be¬ 
tween untreated and treated silver bromide is not so low as for its action 
on development, but this was not to Ire expected, since development is an 

extremely sensitive reaction. The results obtained ore shown in tlie fol¬ 
lowing: 

At-soKmos op Bye (Sawmswk) on P*ec«eirAm> Sitve* Brqkid*. 

Hir-PM far treated aver tiMtesfaj 
Strong escess 
Marked exervt 
Infinite mcawtraMc exetm 
No noticeable difference 


tort Hie Nhitiou 


O Ot 
O OOI 
O OOI 
o OOOJ 
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In these experiments 9 g. of precipitated silver bromide was first treated 
with 100 cc. of the potassium iodide solution, then with 50 cc. of 1 : 20,000 
dye solution, the residual strength of dye in the solution being compared 
colorimetrically with a blank on untreated silver bromide. 

Nature of the Complex Formation. 

Supposing complex formation between the silver halide and the developer 
to be an essential preliminary to development, then this may be viewed 
in more than one way First, it may be regarded as a simple excess sur¬ 
face concentration or adsorption, not necessarily involving chemical com¬ 
bination with the silver halide. The view that such adsorption plays an 
important part in development has already been expressed by W. D. 



Fix +—Hjrdruquinouc automate *t 8 '. K .1 placed in developer. 


local concentration of reducer. If, however, Langmuir's 1 view is correct, 
that all adsorption is due to chemical (valence) forces then the complex 
formation will consist essentially in actual chemical combination of the 
surface silver halide molecules with molecules of the reducer, the valences 
of the surface molecules of the solid halide being less saturated than those 
of the interior. The nature of this combination cannot be indicated defin¬ 
itely at present. Tims it might be a combination primarily between the 
silver cation and the reducer anion, forming a salt-like body, like silver 
erythrosinate; this body then breaking down in the presence of a nucleus 
for silver. An example of this in homogeneous solution is shown hi the 
case of silver sulfite. If this is redissolved in excess of sodium sulfite, the 
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complex aHver sulfite anion is comparatively stable at temperatures be- 
lp# HtH*. Above this, decomposition, with precipitation of metallic silver, 
sapidity takes place. If now colloid silver be added to the stable solutions 
at War temperatures, decomposition is at once set U p and continues 
rapidly, The colloidal silver behaves here like the latent image in de- 
vetotitaent. It is, however, equally possible that the complex formation 
is between the un-ionized free base of the organic req UC er and the silver 
fanning a stable complex which, however, in presence of alkali 
(hydroxyl ions) undergoes rearrangement, mz., pseudo-add formation, salt 
formation, and ionization. Hie actual outcome would be then the same 
as in the former case. 
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LOG CONCENTRATION 

Fi* 5 . 

The fact that the mordanting action of silver iodide « w'w * strongly 
exerted on basic dyes 1 would favor this interpretation. However, the 
semi-add dyes of the phtbalein group are also strongly adsorbed . 

In any case, the essential matter would be the fonioation of an inter¬ 
mediate combination, in the circuit of which reaction would take place 
with discharge of silver and other oxidation products. 

Relate to Slim Grain of Image. 

The modification proposed in the theory of develops regaining 

Uf« —► »b*orptioo —► uudeatJon , 

A* halide \ 0 * rrtn **®* , ‘ 

JT “d 

Xtaulopiar v adsorption —► kunsediate wmpk*' rednsdon 
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as AgjjTtrinl steps does not contradict the previous theory, but amplifies 
it on two important points. First, it makes the silver halide grain more 
em p h at ically the actual seat of the reaction. It has been suggested by 
R, Liesegang and Luppo-Cramer 1 that weak and strong developers in 
g ener al differ essentially in that the former tend to reduce only the Surface 
of the grain, giving an image of feeble density, usually fine grained and 
warm toned (ferrous citrate with silver bromide emulsions is a good ex¬ 
ample), while the latter reduce the whole of the grain, giving more coarse¬ 
grained, black-silver image. This effect of the energy of the developer 
on the diapersity of the image is undoubtedly real, and probably plays a 



.«v» v-.'“ 

' '-a . : 

" • V*. 

* -L, M. <*-**■ 


Pig. 6.—-Photograph of log caused by dil potassium iodide solution. Mag, 600. 


considerable part in the difference of resolving power with different de¬ 
velopers.’ 

If adsorption of the organic reducer is correlated with its reduction 
potential, increasing with the latter, Bancroft's theory* that adsorption 
favors peptization of the solid phase, or adsorbent, indicates a preliminary 
reason for the change of dispersity of the image with energy of the re¬ 
ducer. Or, again, if adsorption involve formation of an intermediate com¬ 
plex, intcrfacial to the halide grain and the solution, the lability of this will 
depend upon the reduction potential of the reducer. This involves 
greater velocity of decomposition of the complex, higher dispersity 
the silver reduced, and greater mechanical strain on the silver halide 

* XotM-Z., 9, too (1911). 

* K. Ratn, "Photographic Revolving Power," J. Am, Optical See,, l, up 
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gram attacked. The general scheme of development which suggests itself 
from these considerations at this stage may be outlined as follows, bringing 
out the essential colloid chemical factors of the process. 

Dynamics of Development. 

The scheme given is only intended to roughly indicate the interaction 
of phvsical and chemical factors. 

In 'particular, while the relation between diffusion of the developer 
and chemical reactivity determines the "penetration’’ coefficient, the re¬ 
lation of the “adsorption" to the chemical constitution and reactivity 
apparently determines the "dispersity" of the image, t. e-, an influence of 
the developer on the grain of the image. 


Swelling of gelatine film. 


b. Diffusion of developer solution. 


The swelling increases the 
total diffusion path, but 
lowers the resistance. 

Ihffusivity increases on 
rithcr side of neutral 
point. 


c Adsorption of reducer to silver lialide grains. 

i i 

Weak, gives grain Strong, volume 
surface develop- development 
ment. ' 


(Pectfzation) —*■ (Peptization) —► (Solution) 

Weak colored Strong black image, "Physical" dcvelop- 

image, fine grain, coarse grain. ment, strung, some¬ 

what colored image, 
fine grain. 


Example, 
Ferrous citrate; 
acid pyrogallol. 


Example. Example. 

Normal developers. P f'heiiylcnc - diamine, 
heavily bromideil de¬ 
velopers; D. O. P. 
developers with ehloro- 
bromide emulsions. 


Actually, of course, these separately indicated phases of the process 
overlap and interact. Further, we have only noted here the direct, as 
distinguished from the reversing factors of development, lire complica¬ 
tions involved in the pure chemical reactions, and the regressive effects 
consequent on resorption of reaction products, while already noticed in 
part, require much further analysis. 

Direct proof of adsorption of organic developers to silver halides under 
development conditions is difficult owing to the ensuing reactions of de- 

/VwnnACtt»rwi T?16 tn ♦ llie o«e4 AM In rSr 11 irragio ~ wU IIa fUa 
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temal evidence are submitted. It is probable that the restraining effect 
of pyrogaliic acid in high concentrations is closely connected with the 
foregoing considerations. 

The extension of the action of potassium iodide to physical developers, as 
noted by Llippo-Cramcr, is equally in agreement with the view suggested 
here, although complicated by the facts noted in the next section. 

Fogging Action of Iodide. 

With most of the developers tried, working with pure silver bromide 
plates, including hydroquinone at low temperatures, all strengths of potas¬ 
sium iodide from o 0001 X to 0.01 .V gave on short contact with the emul¬ 
sion and subsequent washing pronounced fog, consisting of black-silver 
grains silmilar to those developed from exposure to light. This fogging 
action is not primarily connected with acceleration of development, 
since it was observed with ferrous oxalate, where practically no "develop¬ 
ment acceleration” occurs. As it appeared possible that the trace of silver 
iodide formed was acting as a nucleus’ the following experiment was made. 
A silver-bromide plate was spotted with 0.0001 A’ potassium iodide solu¬ 
tion, fixed in hypo and washed. These- spots were then developed in a pvro- 
citric-acid-silver developer, when they developed up a strong image (see Fig. 
6). The photomicrograph shows that the image is comparatively coarsely 
grained, quite different from the grainless stains frequently obtained on 
physical development. Hence, it apjjears probable that the iodide fog 
is a nucleus infection. It appears considerably more variable than the 
development acceleration, and less evident with bromo-iodide emulsions. 
The part played by this in connection with actual development accelcra* 
tion is being taken up in connection with other development "promoters,” 
as thiosulfate, potassium ferrocyanide, and thiocarbamide. 

IvQppo Cramer’ notes that "fog is accelerated by the action of dilute 
potassium iodide solutions," e., be considers it intensifies original fog 
nuclei just as it does exposure nuclei. Although this no doubt takes 
place (but not bv iro'mh/cj.dcgaug) there is an independent fogging action, 
as shown by the effect with developers not showing development catalysis. 

Summary. 

I. The Lainer effect, acceleration of development by dtL solutions of 
iodides, has been investigated, and shown to affect chiefly organic de¬ 
velopers of low reduction potential such as hydroquinone. 

a. It is shown that the principal effect is to overcome the induction 
with such organic developers, consequently increasing the Watkins fac¬ 
tor. 

* Similarly to colloidal grid as described by one of us in "Investigations 00 the 
Theory of the Photographic Process," p. *08. Longmans, Green and Co., London, 

* 907 . 
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-ffe'Xht effect is ascribed to increased adsorption and complex formation 
•ft between silver halide and developer. The bearing of this on the theory 
of development is discussed. 

4. In addition there is a fogging action of dilute potassium iodide solu¬ 
tions cm silver bromide emulsions, which is ascribed to nucleus infection 
of the grain. 

Rochester, N. Y. 
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THE ORIENTATION OP MOLECULES IN SURFACES, SURFACE 
ENERGY, ADSORPTION, AND SURFACE CATALYSIS. 

V THE ADHESIONAL WORK BETWEEN OR¬ 
GANIC LIQUIDS AND WATER . 1 

By William D. Harkins, George L Clark and Laths op E Roberts. 

Received January 12, 1920. 

In 1913 Hardy* showed that the magnitude of the work done by the 
attraction between the surfaces of an organic liquid and water during their 
approach to form an interface, is characteristic for a number of classes or 
organic liquids. later Harkins, Brown, and Davies* found that when¬ 
ever the organic liquid contains polar groups in its molecules, this work 
is very much larger than when they are absent; so much higher that the 
data made it evident that at the interface such polar groups as —OH, 
—COOH, —CHO, —CN, —CONH,, —SH, —NHj, —NHCH*. —NCS, 
• H 


COR, —COOM, COQR, —NOj, —C=CHj, —Ca*CH, or groups 
which contain oxygen, nitrogen, sulfur, iodine, bromine, chlorine, double or 
triple bonds, turn toward the water. 'The work of Langmuir* indicates a 
similar orientation in monomolecular surface films of organic subs tances 
A theory of heterogeneous equilibrium worked out by Harkins and King* 
indicates, however, that the orienting forces in the caw of such ttumomoUc- 
ulor organic films are in general more powerful than those at the surface erf 
the pure organic liquid, and also greater than those acting on the organic 
molecules at the interface with water. From the standpoint of the theory 

1 Practically all of the data in this paper were determined during the yean 1014- 

“ a he interra f >u<1 b * the Some of the data presented 

here were obtained m this laboratory as early as rvn 

I Jw- Soc - U-ondcn), 88A, (1913). 

3 * 354HM (,9,7): 3150 HwkiMi Da7ta *** ** 
(,9,f,); Th " ^ t& *->** Umh r™. 
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of Harkins and King it is, therefore, not to be expected that the indica¬ 
tions of orientation -vil! be so marked at interfaces as they are in thin 
films. However, the evidence obtained at interfaces is more extensive 
and more varied in its nature. 

Table I presents data for the work of surface attraction between water 
and about 70 organic liquids In this table the first column gives the 
name of the substance and the formula; the second (y,), the free surface 
energy of the organic liquid, the third (W A h\ gives half of the adhesional 
work per sq. cm. for comparsion with Col 2; the fourth f-yt), the inter¬ 
facial free energy; the fifth (W' A ), the surface adhesion, all in ergs per sq. 
cm The sixth column gives the initial of the investigator, and the 
seventh, eighth and ninth the densities of the pure organic liquids and 
those of the 2 phases after mixing 

The data in this table are of considerable value in the study of the 
orientation of molecules in interfaces, and of the characteristics of polar 
and of nan-polar groups in organic compounds. It will be shown later 
that they are also fundamental in connection with adsorption and surface 
catalysis In order that the meaning of the data in terms of cohesion 
and of adhesion may be appreciated it is essential to present a mechanical 
illustration Imagine a bar of solid with a cross section of one sq. cm. 
If this bar could be pulled without a lateral compression until it breaks 
at a plane perpendicular to its length, the work necessary to pull the bar 
apart would be equal to 2y, ox twice the free surface energy per sq. cm. of 
the solid. Thus 27 may be called the cohesional (or tensile) work for 
a bar of unit cross section. Col. 2, in Table I, gives the value of the free 
surface energy (7), which may best lie considered in connection with the 
other data, as half the cohesional work, or 7 is equal to W c fi For com¬ 
parison with these values the third column (3) gives the values for */» 
the adhesional work between the organic substance and water (W^/a). 
The adhesional work is that which is done by the surfaces of a different 
liquids when one sq cm. of one approaches the same area of the other. 
It is the work which would be used up in pulling apart a bar of unit craw 
section, one end of which consists of one liquid and the other aid of the 
other, if the break could be made at the junction of the two liquids in such 
a way that they are entirely separated. Thus Wr'4/3 which refers to ad¬ 
hesion, is entirely comparable with W c h, which is the free surface energy 
of a liquid, winch in turn is numerically equal to the surface tendon of 
the liquid. It will be shown in other papers by Harkins that the adhesional 
work and energy are related to the heat of adsorption and the heat at 
Wetting, and that the equations are very simple. 

So far as this table alone is concerned, columns giving the values of the 
cohesion a] work (ay) and of the adhesional work {W A )> would undoobt* 



Tawj» I.—Th* Wom Done when Onb Sfi. Cm. of thr Surface of am Organic Liquid Approaches One Sq. Cm. of a Water 
Surface to Form ah Interface, together with th* Surface Tensions and Intbrfaciai, Tension. 
t ■« 20*. Water ** 72.80 ergs. WLi ”> —A7. 
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subject, than the half values given in the table. The purpose in the use 
of Wc/s and \V A [2 is to make these terms directly comparable with the 
surface tension values given in tables of constants. The most extensive 
table of this kind was presented in an earlier paper from this laboratory. 

The data in this table are in general easy to interpret in terms of the 
theory that the molecules in a surface or an interface between two liquids 
are oriented. If the orientation of the organic molecules is considered, 
it seems self-evident that the effects of such an orientation, and also its 
extent, depend upon the degree of dissymmetry in the organic molecule. 
An entirely symmetrical molecule (or atom in the case of monatomic 
liquids) would not orient at all, but such a molecule or atom probably 
does not exist. Molecules as symmetrical as those of tire short chain 
saturated paraffins, carbon tetrachloride, etc., would not lie expected 
to show such evidences of orientation as those molecules which may l>e 
considered as heavily loaded, from the standpoint of the stray electro¬ 
magnetic field, at one end of the molecule, and very light, in the same 
sense, at the other. The tabic gives evidence that saturated paraffin groups 
have a small attraction for water, and that groups containing oxygen or 
nitrogen, hydrosulfide, or any of the other groups specified in the first 
part of this paper, that is what are termed “polar groups," have a rela¬ 
tively high attraction for water. The orientation has been already con¬ 
sidered in connection with similar data obtained in this laboratory, to¬ 
gether with the data of Hardy, 1 and this earlier paper should be consulted 
for the introduction to the discussion of the much more extensive data 
presented here. 

Whenever W A /j (Col. 3) is greater than lV c /2 (Col. 2), then the work 
of attraction between the organic liquid and the water is greater than that 
between the parts of the organic liquid itself; that is, the adhesional work 
is greater than the cohesional work. This is the relation in most cases, 
but for the following 3 liquids the work due to the cohesional attraction 
is the greater: carbon disulfide, ethylene dibromide, and acetylene tetra- 
bromide. It is striking that, judging by the formulas, all of these mole¬ 
cules are extremely symmetrical. The difference between these column 
multiplied by 2, which is equal to (W A — W c ), or the excess of the ad¬ 
hesional oyer the cohesional work, is given in Col. 10. Iaw values of 
this quantity are obtained in 3 ways: first, as in the case of the “non. 
polar" paraffins both the adhesional and the cohesional work are low, 
usuahy of the order of 40 ergs, per sq. cm.; second, the organic molecule 
P? ,ar ’ but Ule polarity is distributed over a considerable part 
of the organic molecules, as in the case of benzene and its paraffin deriva- 
ves, wb en both values are somewhat larger (about 60); and third, when 
a considerable part of the molecule of the organic substance becomes 

J 8— - ^ Tms Joubkau * 354-64 (, W ). 
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more polar, as in the case of nitrobenzene, and the nitrextoluenes (about 
86). The adhesional work becomes much higher than the cohesional 
whenever the polar group is in just one part of the molecule, while the rest 
is non-polar, and particularly when the polar group is at one end of the 
molecule. Thus the excess of the adhesional over the cohesional work 
(W x — Wc) is to a considerable extent an index of the total symmetry 
of the molecule, and indicates how symmetrically the molecules lie in 
the surface and interfaces. 

Consider carbon disulfide and ethyl mercaptan. The cohesional 
work in the former is much higher, 62 .8 instead of 45 6, yet the attrac¬ 
tion between water and carbon disulfide (adhesional work = 55.8) is 
much less than that between water and mercaptan (68 5). 

The former is a symmetrical molecule, and the latter is unsynunetrical. 
The hydrosulfide group is evidently more polar than the divalent sulfur 
atom, but when the mercaptan lies in contact with the water most of the 
hydrosulfide groups are turned toward the water, and when they are 
pulled from it the polarity of the group is evident in the high value of the 
adhesional work. The = S group, not being so polar, gives a considerably 
smaller value, which is 12.7 ergs less. However the attraction between 
the sulfur of carbon disulfide and water, and also that between the sulfur 
in the different molecules of the carbon disulfide itself, is much greater 
than the attraction between hydrocarbon groups such as C»H»—. Now 
when a bar of carbon disulfide is pulled apart to make 2 surfaces, sulfur 
must be pulled away from sulfur, so the cobesional work and also the total 
cohesional energy are relatively high, the former having a value of 62.76 
ergs per sq. cm. However when mercaptan is pulled apart, sulfur (—SH) 
does not need to be pulled from sulfur, but the sulfur turns under the sur¬ 
face, and only the hydrocarbon groups have to be pulled apart, so the 
work of separation is low (only 43.6). However, the work of separation 
is not so low as if the sulfur were absent, since what is given above is a 
static theory, and the kinetics of liquids indicates that some of the hydro¬ 
sulfide groups will be kept in the surface of the mercaptan, by the kinetic 
motion of the molecules. A paper by Harkins to be published in a few 
weeks in the Proceedings of the National Academy of Sciences shows that 
the heat motion of the molecules is an important factor in such cases as 
this, and also at interfaces. In all previously investigated cases, except 
when liquid crystals are being transformed in the surface, the heat motion 
aids in the formation of a surface. The paper will show that in some cases 
with molecules which are polar at one end and not at the other, the heat 
motion hinders the formation of the surface, since it hinders the orienta¬ 
tion 0} the molecules. 

A comparison of the halogen derivatives is also instructive. The ec- 
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besional work for carbon tetrachloride, chloroform,' and methylene 
chloride is almost the same (53-32, 54.26, 53 04), but the adhesional 
work toward water rapidly increases in the order given {56.16, 67.30, 
71.0). Here the increasing polarity is not in evidence in the cohesions! 
but is present in the adhesional work, since when the pure liquids are 
pulled apart the increase of cohesional work due to an increase of polarity 
is counterbalanced by the concomitant increase of dissymmetry, Which 
allows the less polar parts of the molecules to be oriented into the surface. 
At the interface, however, it is the most polar part which is turned into 
the interface, so the effects add together instead of subtracting. Also 
the adhesional work for isobutyl and tert, butyl chloride are practically as 
high as in the case of methylene cldoride, since the chlorine is turned to¬ 
ward the water, but the cohesional surface work drops to very low values, 
43.88 and 39.18 ergs per sq. cm. 

Both carbon tetrachloride and ethylene dibromide give the same value 
for the cohesional work as for the adhesional work, but, as the number 
of bromine atoms in the compound increases (acetylene tetrabromide) 
the cohesional work becomes the higher. These comjwunds have very 
symmetrical molecules. 

A comparison of isopen ten e with trimethy! ethylene, and of octane 
with octylcne shows that the introduction of a double bond increases the 
cohesional work very slightly and the adhesional work very' greatly, 
especially in the latter case, where the double bond is at the end of the 
molecule. These facts are again exactly in accord with the orientation 
theory. For octane the cohesional work is 43.54, while for octylene it is 
almost the same, or 44.66, so the introduction of the double bond has 
little effect. The values of the adhesional work for octane is practically 
the same as that for the cohesional work, but the addition of the double 
bond in octylene raises the value by about 60%. 

Substances of the type of the primary alcohols, mcrcaptans, acids, 
amines, nitriles, nitro compounds, or derivatives with double or triple 
bonds at one end, may be classified as compounds with polar-non-poJsr 

molecules of the general formula C-, where the O represents a 

polar and --a non-polar group. While the polar group may have 

either a higher or a lower weight tlian the non polar, the action of the 
molecule in a liquid is analogous to that which would be obtained in a 
system of models made up with a heavy and a light end, if the models 
could be taken out of an external gravitational field, and turn freely 
under toe action due to toe mutual gravitational field, toe chief differ¬ 
ence being that the gravitational field is much less intense than the elec- 

. ' ^ "“kf int£raal of vaporisation for carbon tetmhlorida {* atawt 

Weatfcal with that of chloroform, 7320 for the former and 7433 for the b i n ** at o*. 
Tin error la the determinatiooj is grtatcr tkfc 
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tromagnetic field at small distances, but dies off much more slowly. At 
the surface of a closely crowded aggregation of such models in motion the 
heavy ends would, on the average, be very much more likely to turn inward 
toward the body of the aggregation, but at the interface between such 
an aggregation and a second set of models consisting of weighted parts 
alone, these models would turn toward the weighted system. We may 
thus speak of the electromagnetically light and heavy ends of the mole¬ 
cules of this type in place of the non polar and polar ends. The inter¬ 
pretation of the data presented in this paper may easily be made by the 
reader on the basis of such a set of models. For molecules of the type 
under discussion it will be seen that the cohesion al work is always low, 
and the adhesional work is toward water always high. The work of this 
laboratory indicates that the same relations bold toward mercury 1 except 
that in this case bromine and especially iodine act as if they are much 
more heavily loaded in this sense than oxygen or nitrogen, which is just 
the opposite of their relative order toward water. Thus oxygen or nitro¬ 
gen, and especially bromine and iodine, turn toward the mercury. 

The data of Col. 10 show the excess of the adhesional work toward 
water over the coheskmal work of the organic substance. This is nearly 
sent for most of the saturated paraffins but increases to about 19 ergs for 
trimethyl ethylene with its portly surrounded double bond, or by 28 
ergs for octylene. In the case of the alcohols, and dipropylamine the ex¬ 
cess rises to 50 ergs, while it is 60 ergs for ethyl carbonate and a symmetrical 
dichloro-acetone, 45 ergs far normal adds and ether, and from 32 to 40 
ergs for ketones. Thus all of these liquids have a much smaller surface 
attraction for themselves than for water. Hydrocarbons of the benxeoe 
series and nitro and chlorobenzene cm the other hand give low values of 
W' 4 — W c . and in this respect are similar to the paraffins. The values 
for anisol and pbenetoi rise to 11, for benzaktehyde to 17, and for aniline 
to 24. 

The solubility of the organic substance in water increases in general 
as W 4 — W c increases, though this, it is apparent, is only one of the fac¬ 
tors. According to the orientation theory this term relates mostly to 
the attractive forces around the more polar end of the molecule, so it is 
to be expected that the extent and polarity of the rest of the molecule are 
* also important factors, as is evident from the Jata. The application 
of this theory to solubility has already been discussed in the previous 
papers of this series, though the values of W A — W c are given here for 
the first time. 

The calculations in this paper an based on the simple th erm o dyna mic 
equation of Duprf, which may be expressed 

W A ■» —Ay - Ti + 7* — Tfat 
1 Work of Dr. £. H. Gtaftaa and W, W. Ewtn*. 
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where —Ay is the decrease of free energy when 2 unlike or 2 like 
surfaces meet. The equation of Harkins gives the total energy change 
when the surfaces meet as follows: 

E A = —AEs = 71 + It -f- 7 j + h (li»i + 7 i,s) 
where E A is the total energy of adhesion, E$, the total surface energy, 
and l is the latent heat of the surface. This equation is more closely de¬ 
lated to the molecular attractions than that of Dupr<*, but its applica¬ 
tion will be discussed in another paper, which will give the experimental 
values. 

These equations may easily be transformed so as to give the heat of ad¬ 
sorption, and the energy quantities are those which are of importance in 
surface or heterogeneous catalysis, or what is often termed contact catal¬ 
ysis. The next papers of tills series will treat the following subjects: 
the change of molecular kinetic to molecular potential energy, the steps 
in the process of vaporization, the attraction of mercury for organic liquids 
and water, the compression of liquids by adsorption, the absorption of 
liquids and gases in charcoal, heats of adsorption, and the adsorption of 
organic acids and alcohols containing from one to ten carbon atoms on a 
water surface, the adsorption of salts, adsorption at the interface between 
hexane and water, the hydrolysis of a soap in the surface film, and nega¬ 
tive surface energy. These papers are now largely complcted- 

Summary. 

1. This paper gives new determinations of the intcrfacial tension be¬ 
tween organic liquids and water, together with the surface tension of the 
pure liquid for 34 carefully purified organic liquids, together with similar 
data for 24 liquids as previously determined in this laboratory. The 
only determinations available when the work of this laboratory was be¬ 
gun in 1912, consisted of those on 4 liquids by Antonow and on 20 liquids 
by Hardy. That the measurements made in this laboratory are much 
more accurate is due to the painstaking work of I)r. F. E- Brown and 
Dr. E. C. H. Davies on the corrections involved iu the use of the drop 
weight method. The earlier work has already lieen summarized in a 
former paper. A knowledge of such biterfacial relations is of fundamental 
importance in the study of {1) colloids, as in physiological work, {2) Ad¬ 
sorption, (3) the spreading of liquids on surfaces, {4) adhesion, including 
flotation, (5) surface structure, (6) surface catalysis, and (7) lubrication 

2. The data give much evidence in favor of the theory that the mole¬ 
cules in interfaces are oriented. This is in accord with the theory de¬ 
veloped both by Langmuir and by Harkins and his co-workers. That 
there is such an orientation was first suggested by Hardy, but he did not 
present evidence in favor of the idea. However, he has not been given 
sufficient credit for his beautiful work on surfaces and interfaces. 
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3. The paper gives values for the work necessary to pull apart a column 
of an organic liquid, which is equal to twice the free surface energy, and 
is termed the cohesionai work for a bar of unit cross section. Values are 
also given for the adhesional work against water. This is the work 
done when one sq. cm. of an organic liquid approaches a similar area of 
water. This is one of the important factors in determining solubility in 
water, and the values are also an index of the polar nature of the most 
polar part of the organic molecule. 

4. 'Hie evidence presented tnay best be considered by an example, 
which is only one of the many cases included in the data. Prom the 
formula it may lx- considered evident that carbon disulfide has an ex¬ 
tremely symmetrical, and mercaptan (CHjCIl-SH) a very unsymmetrical 
molecule. Now' it takes much more work to pull apart a bar of carbon 
disulfide than of mercaptan, that is the cohesionai work is much higher 
in the former case (62 8 instead of 43.6), yet the work of attraction or 
the adhesional work between water and carbon disulfide is much less 
(,S.S 8) than it is lx-tween water and mercaptan (68.5). These remark¬ 
able facts are very simply explained in the paper from the standpoint 
of the orientation theory. The data show that the presence of a polar 
group in any part of an organic molecule, no matter how large the non- 
jxvlar part of the molecule may lx, increases very greatly the attraction of 
the organic liquid for the water, which is strongly in support of the orienta¬ 
tion theory. Thus the attraction lx*tween octane and water is relatively 
small, the adhesional work being only 43.76 ergs. The octane molecule 
contains 8 carbon and 18 hydrogen atoms, or 26 atoms in all, yet the in¬ 
troduction of only one oxygen atom at the end of the chain more than 
doubles the adhesional work, and increases it to 91.77 ergs. The similar 
introduction of one oxygen atom into isopentane increases the adhesio n al 
work toward water from 36.9 to 92.5, or a remarkable increase of 150%. 
The substitution of an amine group for a hydrogen atom at the end of the 
chain causes an increase of the same magnitude, as does the substitution 
of — COOli. --CN, *=CO. or any similar groups. The great magnitude 
of the effect, when it is considered that the addition of one atom to 26 
causes an increase of 132* is remarkably strong evidence that the oxy¬ 
gen is turned toward the water. 

5. It is found that the only 3 cases out of 58 is the cohesionai work of 
an organic liquid greater than its adhesional work toward water. The 
liquids are carbon disulfide, ethylene dibrotnide, and acetylene tetra- 
bromide. The excess of the adhesional over the cohesionai work increases 
as the symmetry of the molecule decreases. This is also very strong evi¬ 
dence in favor of the orientation theory. 

6 . The data indicate that the benzene series hydrocarbons aar con¬ 
siderably more polar than the paraffin hydrocarbons. Aniline is found to 
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be extremely polar in comparison with most of the organic liquids. The 
gi&ar draract eristics of the benzene derivatives are distributed much 
MStfe OVer the whole molecule than is the case with the paraffin 
derivatives. 

7. Attention should be called here to an error which is sometimes made 
in connection with the orientation theory, which is that the total surface 
energy, and the free surface energy, or the surface tension, are all due 
to the orientation of the molecules. This is just the opposite of the truth, 
rinw the surface energy is due to the stray surface field, and this field is 
decreased, and not increased, by the orientation. The general law for 
surfaces as presented by Harkins, Davies and Clark is: If we suppose 
the structure of the surface of a liquid to be at first the same as that of the 
interior of the liquid, then the actual surface is always formed by the orienta¬ 
tion of the least active portion of the molecule toward the vapor phase, 
and at any surface or interface the change which occurs is such as to make 
the transition to the adjacent phase less abrupt. This last statement 
expresses a general law of which the adsorption law is only a special case. 
If the molecules are monatomic and symmetrical, then the orientation win 
consist in a displacement of the electromagnetic field of the atom. Since 
it is the free energy which is decreased by the orientation, thermodynamics 
tells us that the orientation will take place of itself. 

The work of this paper, as well as that of the 4 earlier papers of this 
series, was made possible by a grant made in 1911 from the C. M. Warren 
Fund of the American Academy of Arts and Sciences. 

Chicago, Illinois 


[Plant Physiological and Fkiuibntation Investigations, Bureau os Plant 
Industry, V . S. Defartnjint or Agriculture.) 

THE RELATION BETWEEN THE TOTAL ACIDITY, THE CON¬ 
CENTRATION OF THE HYDROGEN ION, AND THE 
TASTE OF ACID SOLUTIONS. 

By R. B Harvey. 

RwmytS 5 auu«,, I*, 1920 

In some determinations of the hydrogen ion concentrations of various 
fruits, including apples and tomatoes, the author found that sour varie¬ 
ties gave nearly the same value as did less sour varieties. The small 
variation in the hydrogen ion concentration of 30 varieties of tomatoes 
from Pa 4 -14 8 to 4.565 seems insufficient to account for the difference in 
taste. This suggested the question: “What do we taste in acid solutions, 
hydrogen ion concentration or total aridity?” 

Optaions of various persons differs, but most seem to b eliev e that tv» 
concentration of hydrogen tons is the important factor. Some wor k by 
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Kohlenberg 1 and Richards’ indicates that there are factors of importance 
other than hydrogen ion concentration, but no definite relation of the 
factors is given. Crazier’ suggests that the potentially ionizabk hydro¬ 
gen is a factor as well as the actual hydrogen ion concentration. 

By making buffer solutions of different values of hydrogen ion concen¬ 
tration one can then obtain dilutions with the same hydrogen icm concen¬ 
tration but differing widely in total acidity. The same total acidities 
can also be produced at different hydrogen ion concentration values. 
The hydrogen ion concentration of an acetate-buffer mixture depends 
upon the ratio of acetic acid to sodium acetate, and not upon the total 
acetate ion present. 

With the assistance of a number of persons in the Bureau of Plant in¬ 
dustry, a comparison was made between the tastes of sodium acetate and 
acetic add buffer mixtures at different hydrogen ion concentrations and 
at different total acidities for each hydrogen ion concentration. The 
range covered was from solutions almost too sour to be tolerated down to 
practical neutrality of taste. The acid taste of the buffer solutions was 
expressed in terms of the normality of hydrochloric add of the same de¬ 
gree of sourness. For hydrochloric add the dissociation into hydrogen 
and chlorine ions is practically complete for the dilutions which can be 
tasted without injury, 97% lor N o.oi$N.* 

The hydrogen ion concentration and total aridity of hydrogen chloride 
solution is, therefore, practically the same. Hydrochloric acid was se¬ 
lected on account of its almost complete dissociation, its lack of oxidising 
or other disturbing properties possible in other adds. Some confusion 
was experienced by nearly all the experimenters on account of slight differ¬ 
ences in flavor of the 2 different acid solutions. Hydrochloric add has a 
faintly bitter taste while acetic add tastes somewhat aromatic. This is 
evidently due to the negative radical and would be difficult to eliminate. 
This confusion was noticed mostly in the more add solutions. The dilu¬ 
tions were made with redistilled water and this was found to be confusing 
in the higher dilutions on account of its insipid taste. Considerable 
difficulty was found in remembering the taste of a solution, but by re¬ 
peated alternation 5 persons usually selected the same or nearly the 
standard solution without knowing the dilutions given for the trial. It 

» Lout* JCahknbcrg, ‘The Action of Solutions on the Sense of Tsate," Butt. Umr». 
Wiumti*. as; Satnn Ser , a, No <■ r-jt (1898); "The Relation of Taste of Add Salta 
to Their Degree of Dissociation," J. Pky j. Chrm., 4, 33 (1900); ‘"The Relation of Taata 
of Add Salta to Their Degree of Dissociation. H; itei., 4, jjj (1900}. 

‘ T. W. Richards. "The Rtritios of the Taste of Adds to Their Degree of Dtwocfc- 
tfan," Am, Cktm J , 10, «a»-»6 (1898) 

• W. J. Crazier. *"14*16 of Adds, * J. Exp. Nrarelogy, ad, 433-46* (t>*6). 

* faadai SUmt$m, ' Phyailuiiuch-Chemische Tabettea.'* 
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was*"found that experience was gained so that one could more accurately 
estimate the acidity after a few trials. 

The sourness of an acetate-buffer solution, measured as equivalent to 
a solution of hydrochloric acid in which the hydrogen ion concentration 
and total acidity are the same, is a function of 2 independent variables, 
the hydrogen ion concentration of the buffer solution and the total acidity 
of the buffer solution. 

By plotting the negative logaritlims of the various ion and total con¬ 
centrations expressed in equivalents per liter, oti logarithmic 3 di¬ 
mensional Cartesian coordinates, the graph modeled in Fig. 1 was ob¬ 
tained, showing the relative values of the total acidity, the hydrogen-ion 
concentration, and the sourness of the solution. 



From these values it appears that the total-free acid of the solution is a 
factor as well as the hydrogen ion concentration. It is desirable, there¬ 
fore, in determining the acidity of acid foods to give both of these values 
in order that their desirability as edible products can be determined. 

In the ingestion of such acid foods as tomatoes or citrous fruits the ten¬ 
dency to produce hyperacidity is, therefore, dependent also upon the total 
acidity or quantity of acid ingested and not necessarily upon the hydrogen* 
k® concentration alone. Although it alters the taste, the addition of 
sugar changes neither the hydrogen-ion concentration nor the total aridity 
of a solution. 

Washington, D. C. 
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HYDRATION AS AN EXPLANATION OF THE NEUTRAL SALT 

EFFECT. 

Ry John Arthur Wilson. 

Received January 19, I9?0 

A mass of experimental data now available seems to indicate that the 
addition of sodium chloride to an acid solution results in an increase in 
hydrogen-ion concentration, whereas adding it to an alkaline solution 
causes an increase in concentration of the hydroxide ion. 1 This is of very 
great importance in the manufacture of leather, although probably not 
more so than in other fields of chemistry. 

An interesting practical example of this property of salt is furnished by 
a series of experiments in chrome tanning recently carried out by the 
writer. A commercial chrome liquor (a solution of basic chromic sulfate 
and sodium sulfate) diluted to contain 17 g. of chromic oxide per 
liter was found to l>e capable of completely tanning certain pickled* calf¬ 
skins in less than 2 days without any addition of alkali. A piece of chrome 
leather is considered fully tanned when it will remain apparently unal¬ 
tered in boiling water for 5 minutes. In tanning successive lots of skins 
with this liquor, no difficulty was experienced in maintaining conditions 
so nearly constant that no difference could be detected either in the rate 
of tanning or m the properties of the resulting leather. The experiment 
was then repeated with all conditions exactly the same as before except 
for the addition of one lb. of sodium chloride per gallon (120 g. per liter) 
of chrome liquor. Measurements with the hydrogen electrode showed 
that an increase of about 50 f c in hydrogen ion concentration resulted 
from this addition of salt. After the skins had been in the liquor for 7 
days, they were still not tanned and it was necessary to add a considera¬ 
ble amount of alkali to bring about complete tannage. A very similar 
effect is produced by adding hydrochloric acid instead of salt. 

The effect of sodium chloride upon alkaline solutions is shown by add¬ 
ing salt to a lime liquor, which consists of a solution kept saturated with 
calcium hydroxide by means of a large excess and containing a compara¬ 
tively small amount of sodium sulfide. The function of this liquor is 
to destroy the Malpighian layer of the epidermis of the skins so that the 
hair may simply be nibbed off by working on a suitable machine. Adding 
salt to such a liquor was found to increase the plumpness of the skins and 
to cause the hair to slip somewhat more easily, This same effect is pro¬ 
duced by the addition of sodium hydroxide. 

* Puma, Z. pkyni. Chtm , 88,671 (1914I; Arrhenius, ibid., jr, 197 <1899); Homed, 
Turn Journal, 37, *460 <1915!; Foies and Nelson, ibid., 37, 2769 (1915); Thomas and 
Baldwin, ibid., 41, 1981 (1919). 

* The pickling process consists of subjecting unhaired skins to a bath of suffurk 
acid and sodium chloride of definite strength until equilibrium is established. 
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drome tanning experiments noted above were a continuation of a 
aeries of ampler experiments by Wilson and Kern, 1 of which the following 
is typical, o.i N sodium hydroxide was added to ro oc. of a filtered 
chrome liquor, with suitable agitation, until the first permanent turbidity 
appeared, due to precipitation of basic chromic salts, the amount re¬ 
quired being 3 7 cc. To another portion of 10 cc. was added 0.04 gram 
miiwiilf of sodium chloride; in this case 6 8 cc. of the standard alkali 
was required to start precipitation. Repeating the experiment, using in 
each case 10 cc. of the chrome liquor and o 02 gram molecule of added 
salt, Wilson and Kern found different salts to have very different degrees 
of effectiveness in preventing precipitation, the order being KC 1 < NH<- 
a < NaCl < MgClj < MgSO, < Na*SO, < (NH 4 )*SO« The liquor 
containing potassium chloride required only 4 o cc. of o 1 N sodium 
hydroxide to start precipitation against 11 6 cc for ammonium sulfate. 

The order of these salts led Wilson and Kern to the conclusion that the 
effect was probably due to hydration of the added salt. Chrome liquors 
are all decidedly acid in reaction, and, if the added salt becomes hydrated 
at the expense of the solvent, the ratio of moles of acid to moles of sol¬ 
vent, and consequently the activity of tlie arid, will be increased, the marc 
so the greater the degree of hydration of the added salt. 

This explanation was regarded as sufficient until Thomas and Baldwin* 
proved by electrometric measurements that while chlorides actually do 
increase the hydrogen-ion concentration, not only of chrome liquors but 
of pure arid solutions as well, sulfates behave very differently, generally 
lowering the hydrogen-ion concentration, just the reverse of what might 
have been expected from the results of Wilson and Kern. 

One remarkable feature of the results of Thomas and Baldwin is that 
when the logarithm of the concentration of hydrogen ion is plotted against 
concentration of added salt in the case of the alkali chlorides, the curves 
are apparently straight lines, of the general formula 

log [H + ] ® log 0 -f bm (1) 

where b is a constant, a the hydrogen-ion concentration with no added 
salt, and [H + ] the hydrogen-ion concentration in the presence of m moles 
per liter of added salt. 

Since all that remained to make this equation a valuable instrument 
for the rapid esti m a tio n and control of the hydrogen-ion concentrations 0# 
pickle liquors was the determination of b for various strengths of acid, 
the writer, assisted by Mr. Rudolph Olson, repeated the work of Thomas 
and Baldwin for other strengths of sulfuric add and sodium chloride, 
nring toe same method and type of apparatus which they describe, ex- 
apting for the substitution of a Leeds & Northmp potentiometer for 
* J. An, Leather Chen. Atm., 1*, 443 (1917), 
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the Wolff bridge. The temperature, which was not controlled, varied 
between 18 and 22°. Our results for N, 0.1 N, and 0.025 N sulfuric 
add, together frith those of Thomas and Baldwin for 0.0005 N add, are 
shown in Table I and Fig. t. 


Table I.—Effect of NaCl Upon Hydrogen-Ion Concentration of Soumojia 

of Sulfuric Acid. 


Mote N»Ci 

Log |H+)of 

La* [H+) 0! 

Uv. fH+] of 

tm [H+J 

per liter. 

v-n,so. 

0.1 «V-H*SOa. 

0 025 V-H^Ol 

0.0005 N H, 

0.000 

—0.36 

— 1 22 

— 1 ,72 

—3.30 

0.418 


—in 

-1 . 62 

. 

o.8j6 


—1.04 

— I.56 


l .000 

—0 IS 



—329 

t .184 


—0,96 

— i 45 


1 -713 


—0 87 

— '■37 


2.000 

+0 03 



—3.10 

2.140 


—0 77 

—1.27 


3.000 

+0.24 



—2.9a 

3-3to 


—0 35 

— 1.05 


4 000 

+<M5 



—a.7« 

Value of b 

0.20 

0-21 

0.21 

0.20 



Moles of NaCt per liter. 
Fi*. ». 


Apparently the curves arc not only straight lines, bat all 4 have the 
nine dope, the average value for h being o. 205. The large percentage 
increase In hydrogen ion concentration upon the addition of 4 mdaa 
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per Hter of sodium chloride and the fact that it is practically the same, 
about 560%, for widely different strengths of acid, sugge s t that the effect 
must be due to some action of the salt upon the solvent, such as hydra¬ 
tion. It is of course apparent that any increase in concentration of acid 
caused by hydration of the salt will result in a lesser percentage ioniza¬ 
tion of the acid, but at least 2 factors, other than hydration of the salt, 
will tend to cause an increase in hydrogen ion concentration, and 
these are the hydration of the acid itself and the fact that with in¬ 
creasing salt concentration there will be less total water, free and 
combined, per liter of solution. If these opposing tendencies exactly 
balance each other, that is, if they operate so that the percentage increase 
in hydrogen ion concentration found is equal to the percentage increase, in 
concentration of total acid, then it is an easy matter to calculate the de¬ 
gree of hydration of the salt for any concentration. The fact that we 
get the same slope for all 4 curves seeins to show that here the opposing 
tendencies are nearly balanced. Nevertheless, this may not prove true 
for other cases, so the safer plan would be to select acid solution so dilute 
as to make these opposing tendencies of negligible magnitude. It would 
appear, however, in the case of sulfuric acid, that h — o 205 for sodium 
chloride in all concentrations of acid less than normal, Let us, therefore, 
calculate the degree of hydration of salt in a solution of acid so dilute 
that we may neglect the hydration of the acid and its partial volume and 
consider it totally ionized. 

From Equation 1 log ([H + ]/a) = bm. But |H + ] a is the factor by 
which the acid concentration has been multiplied by adding m moles 
per liter of salt. Let w represent the total number of moles of water, 
free or combined with salt, in one Hter of solution containing w moles of 
salt. The moles of free water then equal wa, [H ’) and the moles of water 
combined with one mole of salt equal X (r — a/|H + ]>. Calling 

this latter value k, we have 

h — w (1 - io " 1 " 1 ) m. (2) 

Substituting 0,205 for b in Equation 2, wc have calculated the degree of 
hydration of sodium chloride for several concentrations. (See Tabic II.) 
Table XI.—Calculated Values for Degree of Hvdkatton of XaCl at Different 

Concentrations. 



Total maim water 

Molecule# water rwnbmrrj 

JKTT liter. 

(«">. 

per litar. 

(w) 

with Oft* motrrut* at NaC) 
(*). 

4 0 

51 l 

IO 9 

30 

53 5 

>3 * 

3.0 

53 5 

16.3 

f.o 

54-fi 

TO 5 

0, « 

55-4 

35-5 

O.OI 

55-5 

*0.1 

0.001 

55 5 

36.1 

0.000 

55 $ 

36.3 
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The striking agreement between our value 26.2 for infinite dilution 
and Smith’s 1 calculated value of 26 5 by quite another method confirms 
the idea that hydration of the salt is responsible for the increase in hydro¬ 
gen-ion concentration noted. 

When it is required to calculate the degree of hydration only for infinite 
dilution. Equation 2 may be greatly simplified, since 

h = w(io‘" — i)/m = 2 301th = i2Si>. (3) 

Conversely, given the degree of hydration at infinite dilution, one may 
simply divide by 128 to get b and sulistitute in Equation 2 to calculate 
hydration values for any finite concentrations, provided of course the de¬ 
gree of hydration follows the rule expressed by Equation 2. 

For the sake of comparison wc made a set of determinations with N 
sulfuric acid and potassium chloride, the results of which are given in 
Table III. Since b - o 14, the degree of hydration at infinite dilution 
would be 128 times as great, or 18, which is not far from Smith’s value of 
>9 -• 

Table III Iiftbct or KCi. I'pov Hydrogen Ion Concentration or N Sulfuric 

Acre 


Merirw KLl jwr itlrr 

Lok IH+i 

O 0 

—O 36 

1 fj 

—O 21 

2 O 

-O 09 

3 o 

+0 05 


Value of i 0 14 


Thomas and Baldwin’s results with hydrochloric acid show greater 
slopes for the alkali chlorides in o 004 .V than in o. 1 X acid. For each 
salt the value of 6 is less in the stronger solution by about 15% of its 
value in the weaker one Since complications introduced by the add 
would naturally be less noticeable in more dilute solutions, the values of 
b in the weaker acid may be taken as more nearly representing the true 
index of hydration of the salts. Values for 1 28 b in o 004 N hydrochloric 
acid follow potassium chloride, 15; ammonium chloride, 15; sodium chlo¬ 
ride, 26; lithium chloride, 35, and barium chloride, 50. Smith's corre¬ 
sponding values are potassium chloride, 19 2; ammonium chloride, 20.3; 
sodium chloride, 26 5; and lithium chloride, 33.6. Considering the limits 
of accuracy of the method as employed, the fact that temperature was not 
controlled, and that hydration of the add and the repression of its ionisa¬ 
tion were ignored, the similarity between these 2 sets of results seems 
more than a coincidence In fact, the writer believes it strongly confirms, 
for chlorides, the earlier view that the neutral salt effect is due to hydra* 

1 This Journal, J7. 7»» ('9*5l 
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Uon aod also the suggestion 1 that the Hctfmeister series of the ions owes 
its nearly fixed order to the fact that the degree of hydration of the ions 
runs in the same order. 

The peculiar behavior of the sulfates of sodium and ammonium in 
lowering the hydrogen-ion concentration of add solutions, when one might 
have expected them to raise it very materially, may after all be found 
to be due to the same forces as bring about hydration. Their action can 
hardly be simply that of repressing the ionization of the add because of 
their effect upon chrome liquors, whose resistance to precipitation by 
alkalies they increase very much more than chlorides do, and this in view 
of the fact that in some cases they lower the hydrogen-ion concentration 
to a point at which preripitatkm of basic chromic salts might be expected 
without any addition of alkali. The tendency of sulfates to form addi¬ 
tion compounds may eventually afford an explanation. 

The nearly quantitative agreement between hydration values of the 
alkali chlorides at infinite dilution given by Smith and those calculated 
in this paper from hydrogen-ion measurements seems to warrant a much 
more extensive pursuit of the subject and especially of the use of the elec¬ 
trometric method for studying hydration and its effect upon concentrated 
solutions. 

MltWAUXBE. WlS. 


THE ACTIVATION OF HYDROGEN PEROXIDE BY LIGHT. 

By Harry A. Curtis 
R eceived JftcoBr? 21, IV70 


Introduction. 

In Studying the photolysis of hydrogen peroxide at the University of 
Wisconsin several years ago, it was noted by the writer that the nvtHirmg 
power of dilute hydrogen peroxide is increased when the solution is ex¬ 
posed to the light from a mercury vapor quartz lamp. Later this activa¬ 
tion of hydrogen peroxide was investigated furthe by the writer and ’ 
cue of his students, Mr. Benjamin D. Cornell, at the University oL 
Colora do. The work was interrupted by the war before it had bee# 
ranted to a logical conclusion, but it appears worth while to record thS» 
results obtained. 


Method. 

By working with a considerable number of dyes, a few were found 
which, under the conditions of the experiment, were not bleached to any 
great extent by either light alone or the peroxide alone, but which were 
bleached colorless after a few hours exposure to light in the presence of 
‘ J. Am. leather Ckm. Awe., rj, 179 (1918). 
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hydrogen peroxide. Aniline green and fuchsine were finally chosen as 
suitable for the experiments in hand. Stock solutions of these dyes were 
made up with distilled water. The hydrogen peroxide solution was made 
by diluting 30% “Perhydrol” with distilled water to a concentration of 
about 3%. and was kept in paraffin-lined flasks. Reaction mixtures were 
made by diluting the stock dye solution with an equal.volume of distilled 
water or with an equal volume of the 3'/, hydrogen peroxide. When the 
reaction mixture was to be exposed to light, it was placed ui a quartz 
flask mounted along side the lamp. Water from a large thermostat 
was circulated over the flask and the reaction mixture was gently stirred 
during illumination 1 . The rate of bleaching of the dye was followed by 
means of a Hellige-Leitz colorimeter. For dilute dye solutions, such as 
used, the readings of the instrument are inversely proportional to the 
amount of dye in solution. 

Experimental Results. 

A. —The effect of the light in hastening the bleaching of the dye 
(aniline green) in the presence of hydrogen peroxide is shown in the fol¬ 
lowing table, and is represented graphically in Fig. 1. 



1234567 


Fix. 1. 

1 For a diagram of thh apparatus see Mathews and Curds, J. Pkyt. Cim., 1&, 
J*l (*»**)• 
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Tabus I .—Unset or Light on Birackwo. 



Colorimetric readio** 

Tim*- 

CotortauKric 

Reaction mixture in the dark 

Light cut on st 13,10 p a 

s.a». 


p.m. 


8-00 

15 

I.OO 

7 6 

8.30 

21 

I.JO 

81 

900 

26 

2 OO 

82 

9.30 

28 

2.30 

«4 

10 00 

30 

3,00 

85 

10 30 

32 

3 30 

8S 



3 00 

86 

tion mixture expoeod to Kfht at 10.10 e m 



II 

40 



II.3C 

50 



12 ,00 

60 



P m 




12.30 

72 




B.~-Three reaction mixtures were made, one of them containing the 
dye solution diluted with an equal volume of distilled water, the other 2 
containing both the dye and the peroxide. The dye solution and one of 
the dye-peroxide solutions were exposed to the light, the other dye-per¬ 
oxide solution being kept in the dark. Results tabulated below are shown 
graphically in Fig. 2 



20 40 fio 
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Tabls II.— Effect of Fbkoxidb and Light on Bleaching 


Action of light alone 

Action oC pcioxUle alone 

Action of porofcide «Ad light 

Time, 


Time, 


Time, 


minute* 

Reading 

minute* 

Reading 

minutes 

Undine 

O 

If 

O 

11 

O 

11 

is 

I J 

35 

r6 

30 

20 

45 

11 

50 

17 

45 

« 

75 

11 

<>5 

18 

60 

3* 

120 

12 

80 

70 

75 

3« 

150 

12 

95 

1 1 

VO 

45 

180 

I* 

110 

71 

105 

52 



”5 

*3 

120 

58 



M3 

M 

*35 

65 


150 70 

165 70 

180 83 

i«S 88 

C.—Since ozone is produced by exposing oxygen to light of short 
wave lengths it might be thought that the effect when both light and per¬ 
oxide were used resulted from an ozonizing of the oxygen liberated from 
the peroxide. Such is apparently not the case, for if oxygen be bubbled 
in a fine stream through the dye solution under exposure to light the fol¬ 
lowing results are obtained. 



to 40 So 80 too iro 140 
El*. 3- 
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Tabus III. —Eotbct or Ozonb and Light on Blbacbino. 


Time, minute*. 

Reading. 

Time, minute* 

RndlnS 

0 

5 

120 

>2 

$0 

8 

150 

13 

60 

11 

180 

15 

90 

12 




In Fig. 3 the above data are plotted together with those for the com¬ 
bined light and peroxide from the earlier table. 

Summary. 

It has been shown that the oxidizing power of hydrogen peroxide, as 
manifested in the bleaching of dyes, is increased by exposing the reac¬ 
tion mixture to light of short wave lengths. 

This effect cannot be duplicated by substituting oxygen for hydrogen 
peroxide in the reaction mixture, indicating that the result is not due to 
formation of ozone. 

Evanston, Illinois 
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FURTHER WORK ON POTASSIUM HYDROGEN PHTHALATE 
AS A STANDARD IN VOLUMETRIC ANALYSIS. 

By W. S Hbndrixson 

Received January 28. 1920 

Several years ago the writer showed that potassium hydrogen 
phthalate and sodium hydrogen phthalate may be used with advan¬ 
tage as standard in volumetric analysis. 1 They can be prepared 
easily in a state of great purity, they have large molecular weights, 204.14 
and 188.04, respectively, and only one hydrogen ion. The potassium 
salt has the great advantage of absence of water of crystallization. So 
little work has been done on these salts and so little is known of their 
properties that it seemed desirable to study further the potassium salt, 
which is to be preferred as a standard. The objects were: (i) to deter¬ 
mine the practicability of the preparation and use of the salt as a standard, 
by others; (2) to determine the necessary degree of purification for ordi¬ 
nary purposes, and the yield on the basis of the phthalic anhydride used; 
(3) to determine the hydroscopic character of the salt and the means 
necessary to dry it. 

The laboratory work on potassium hydrogen phthalate here described 
was done by Mr. Sereno Norton, then a senior in Grinnell College, now a 
chemist with the Hercules Powder Company. 

'pie potassium hydrogen phthalate was prepared by the method de¬ 
sorbed in the paper already cited. Several preparations were made and 
titrated. There is one chance of error in its preparation, which might 
easily be made by comparatively inexperienced hands, and which should 

1 T®* Journal 17, a 3J 2 (1915). 



POTASSIUM HYDROGEN PHTHALATE IK VOLUMETRIC ANALYSIS. 735 

be mentioned. Phthalic anhydride is very sparingly soluble even in hot 
water. If not enough potassium carbonate is used in the neutralization 
a portion of the anhydride will be left undissolved, and may easily be 
overlooked, since the sparingly soluble add phthalate is likely to form a 
layer of crystals over the hot solution. Since the neutral potassium 
phthalate is extremely soluble even in cold water there is no danger of its 
contaminating the acid salt. Therefore, a slight excess of the carbonate 
should be used, and the hot solution should be filtered in the first instance. 

A large volume of standard hydrochloric add was made by the admira¬ 
ble and accurate method of Hulett and Bonner, 1 so as to contain 0.003647 
g. of hydrogen chloride to one cc. This add was titrated through the 
medium of sodium hydroxide against benzoic add specially prepared for 
such purposes by the Bureau of Standards, which gave 0.003648 g. to 
one cc. This concentration was confirmed by means of silver. The solu¬ 
tion of sodium hydroxide, free from carbonate, was prepared as described* 
in the first paper, and was used as the intermediary between the add 
phthalate and the hydrochloric add. The indicator was phenolphthalem, 
and as pointed out in the former paper its error in marking the end-paint 
was cancelled by the method of titration. The same weight burets and 
calibrated flasks described in the former paper were used in this work. 

Titrations were made of samples of potassium hydrogen phthalate 
which had been 3, 4 and 5 tunes recrystallized from hot water. The ob¬ 
jects were to determine the number of crystallizations necessary to se¬ 
cure a suffidently pure product, and to determine the constancy of the 
add salt as an individual compound. It is well known that some so-called 
add salts do not show constancy in composition on being repeatedly crys¬ 
tallized. The results are given in the following table in which “three," 
"four" and "five" indicate the number of recrystallizations, and below 
each are the values given for the standard hydrochloric add, assuming 
the formula value of the add phthalate. 

Evaluation of 0.1 .V HC 1 with HXC*H»O t through Standard NaOH. 


Number* of titration*. Three Four. Five. 

(1) O 0036489 O 0036470 O OQjftSI^ 

(а) .o 0036473 o 003647s o 0036433 

<3). o 0036484 o 0036449 0.0096446 

(4). o 0036480 o 0036450 0.0096410 

<S>. o 0036471 . . 

(б) ... 00036475 . . 

(7) .o 0036478 . . 

(8) . 0.0036463 . . 

(»). 0.0036463 . . 

(to). o 0036455 . . 


Averacts: 

1 Tan JotnutAL, 51, 590 (1909). 


o 003647 


o 003646 


0003646 
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The results seem to show that there is nothing gained by more than 3 
reerystallizations. Other results not here given seemed to show that for 
OR&iary purposes even 2 recrystaffuations, that is, 3 crystallizations in all 
wouid suffice. There seems to be no reason to doubt the constancy of 
the composition of the add salt. 

Working with no special precautions to secure a large yield our results 
show that about 50% of the theoretical yield of the add salt may be ob¬ 
tained after 4 recrystallizations. Though expensive in war time, thanks 
to recent improvements in its preparation phthalic anhydride of great 
purity is again beco min g abundant and cheap- Potassium carbonate 
<rf great purity is not difficult to obtain, and therefore, potassium hydrogen 
phthalate is one of the standards most easily and cheaply obtained. 

We next directed our attention to the hygroscopic character of potas¬ 
sium hydrogen phthalate. It is very desirable that a substance used as a 
standard should have a low hygroscopicity. To test this character we 
carried out 2 sets of experiments. The first consisted in heating the air- 
dried salt in an electric oven at different temperatures, determining the 
losses in weight and the effect upon the titration value of the salt. The 
second consisted in exposing the substance thus dried in air of known 
moisture content, and determining the amount of moisture taken up 
from the air, 

In carrying out the first set of experiments about 20 g. of the salt was 
heated in the electric oven in a platinum dish. At the end of each period 
the loss was determined and a portion of the substance was taken out 
without loss and titrated. The losses and titrations should thus form 
checks on each other. There were 11 such titrations, but since onlv 
4 different temperatures were used, the results at the same temperature 
are combined in the following table: 


Effect of Heat on Potassiun, Hydrogen Phthalate 
Vt. ot salt Time Temp Low ViJue ol HCI 

21 -S 94 ° 4 hrs. no 00006 00036471 

20.4936 2 hrs. t20 o 0024 c 0036469 

t6.oioo 8 hrs. 130 o 0034 o 0036490 

11.6910 8 hrs. 150 00006 00036473 


It is remarkable that the hygroscopic moisture which should have 
been eliminated at no 0 is so small, one part in about 36,000. Doubt¬ 
less a part of the loss at higher temperatures is to be ascribed to changing 
atmospheric conditions, possibly to undetected losses in taking out por¬ 
tions for analysis. Granting that all the apparent loss was due to water, 
its total, calculated on the basis of the original weight of salt taken , is 
0.008 8 g. or one part in about 2500, which is outside the limit of accuracy 
of titration in ordinary work. 

The hygroscopic character was further studied by exposing the salt re- 
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maining, and dried as above, in an atmosphere of known moisture con¬ 
tent. The platinum dish and salt were placed in a desiccator which con¬ 
tained sulfuric acid so diluted as to give to the air above it a humidity 
of 70%, which is not likely to be exceeded in the air of a laboratory. Prom 
time to time during 47 days the dish and contents were weighed. The 
gain or loss as compared with the previous weight never exceeded 0.002 g. 
and at the end of the period, summing up the gains and losses, there was 
found a loss of 0.0001 g. 

These 2 sets of experiments seem to show that the hygroscopicity of 
potassium hydrogen phthalate is practically nothing, and in using it and 
weighing it attention need be directed only to the containing vessel. By 
use of an open platinum crucible in weighing it, it is believed that this 
source of error has been almost completely avoided. 

In the preparation of potassium hydrogen phthalate it is desirable to 
know its solubility in hot and cold water, and this was determined at 25 
and 35 degrees and at the boiling point of its saturated solution. At the 
lower temperatures the method used was one devised by the writer. 1 
For the solubility at the boiling point the method of Pawlewski* was used. 


Solubility of Potassium Hydrogen Phthalate in Water 


Temp. 

Wt solution 

Wt nod phthaJutr 

% IB WOi 

At 25 degrees 

21 025 

2 1531 

10.23 


21 028 

2 1353 

IO 23 

At 35 degrees . 

21 198 

2 6859 

12 67 

At boiling point 

9 18 

t TI58 

36 12 
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THE EFFECT OF SOLVENT ON THE ULTRA VIOLET ABSORP¬ 
TION SPECTRUM OF A PURE SUBSTANCE. 

By F. O. Rice. 

ReceirwJ January 28 , 1970 

In a previous paper* some quantitative measurements were described 
showing the absorption of acetone and its homologues in the pure liquid 
condition. A large quartz spectograph fitted with a spectrophotometric 
arrangement was used and by this means the extinction coefficient, *, is 
given by« *= i/d (log /»//), where I 0 is the intensity of the incident light, I 
the intensity of the emergent light, and d the thickness of the absorbing 
layer. * may, therefore, be defined as the reciprocal of that thickness of 
medium which reduces the intensity of the light to */,* of its original value. 
If c be the normality of the ketone (sp. gr X f looo/mol. wt.)} the molecular 
extinction is given by M = t/c. 

1 Free. loaa Acad. Sci. 13 , 31 ( 1916 ). 

* Bar., 3a, 1040 (1899). 

* Prat. Hay. Sac. (London), ptA, 76 (1914!, 
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The winWiilar extinction curves are obtained by plotting the values of 
if on the ordinate against the corresponding wave lengths on the abscissa. 
Known thicknesses of the various ketones were obtained by making up a 
numb er of cells consisting of 2 plain parallel quartz plates cemented to¬ 
gether with a wire ring of known diameter. The error in measuring the 
center of the absorption band was in most cases about 3 Angstrdm units, 
but in fgrtain cases in the present investigation where the solvent had com¬ 
paratively high absorptive power the error may be as great as 6 units. 
The error in the value of the molecular extinction is in general about 6%. 

The ketones as ordinarily purchased contain small quantities of unsat* 
mated subs tan ces which cannot be entirely removed by fractional distilla¬ 
tion. This can be shown by treating a few drops of a carefully distilled 
ketone with dil. aqueous potassium permanganate, when immediate 
nririariAn place. These impurities must be removed because their 
absorptive power may be up to 500 times that of the ketone, and the pres¬ 
ence of only */>% may completely mask the absorption of the ketone 
itself. This fact was not realized in previous investigations, and most of 
the published work is quite valueless, due to the use of impure specimens 
of ketones. Throughout the present work the greatest care was taken 
to ensure the purity of the ketones, and the methods used have been de¬ 
scribed in previous papers by the author. 

When the pure liquid ketones were examined certain striking regulari¬ 
ties were observed in their absorptive action towards light It can be 
stated that all saturated aliphatic ketones are practically diactinic between 
7,000 A. U. and 3,200 A. U. Between 3,200 A. U. and 2,300 A. U. there 
is an absorption band and from 2,300 to 2,100 A. U. all of the ketones 
again become diactinic. There are no exceptions to the rule, such ketones 
as hexamethyl acetone and methylnonyl ketone behaving precisely like 
acetone in this respect. The wave length between 3,200 and 2,300 A. U. 
at which maximum absorption occurs varies with the ketone and depends 
on the number of hydrogen atoms in the a or 3 position which arc substi¬ 
tuted by alkyl radicals. Substitution of other hydrogens has no effect 
on the absorption so that all ketones of the general formula CH4COCH*- " 
CBjR have maximum absorption at 2,790 A. U. 

This effect of substituting a or 3 hydrogens is in general to move the 
absorption m a xim um towards the red end of the spectrum; thus the ab¬ 
sorption ma xim a for acetone, pinacoline, (CH,)»CCOCHj, hexamethyl 
acetone, {CH,),CCOC(CH»), are, respectively, 2747, 2850, 2950 A. U., 
intermediate effects being obtained with other ketones. 

With regard to the value of M, the molecular extinction at the point of 
ma»mum absorption, all of the ketones with the exception of acetone and 
TOthyletbyl ketone have the same value, namely 21,3. The value# for 
these 2 ketones are 17.x and 19.4, respectively, and this deviation is 
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probably due to association. Assuming that the absorption power of 
the associated molecules is inversely proportional to the number of sim¬ 
ple molecules in the complex, the association factor of these 2 ketones can 
be calculated. 

The foregoing is a brief summary of the author’s work on the absorptive 
power of the pure liquid ketones In the present paper the effect of dis¬ 
solving the ketones in various solvents is examined 

The first question which came up was whether or not it was necessary 
to submit the solvent used to the same rigorous purification as was neces¬ 
sary with the pure ketones In the spectrophotometer the actual me¬ 
chanical absorption of the solvent was corrected for by placing in the lower 
beam of light the amount of solvent used, the solution being in the path 
of the upper beam. There remains, however, the possibility of some 
further effect between the dissolved ketone and the impurities, as for 
example, in cases of catalysis where an impurity may have an effect out 
of all proportion to its concentration. To test this point some acetone 
was freshly prepared from the bisulfite compound, dried with the greatest 
care, and placed in a specially dried cell and its absorption at once mea¬ 
sured. 

Acetone, which had been exposed to air and a specimen to which 1% 
of water had been added, were also examined, but in all 3 cases the center 
of the absorption band was at X = 2747. That the presence of small 
quantities of water has a negligible effect is also shown by experiments 
with acetone dissolved in various solvents. An o 8 molar solution in 
ordinary absolute alcohol (99.6*^) showed tire center of absorption at 
X " 2725- Absolutely dry alcohol was prepared by the method of Young 
and Fortey,' and the center of the band when acetine was dissolved in 
this solvent was also at X = 2725, so that the small quantity of water 
present in ordinary absolute alcohol makes no difference. 

Experiments with dry chloroform and chloroform saturated with water 
(about 0.3*7-) gave the same result as did chloroform containing a small 
quantity of piperidine Generally it may be stated that in no case did a 
small quantity of a second solvent (up to 1 or 2 * 7 ) cause any appre¬ 
ciable movement of the centre of the absorption band with acetone or any 
of the aliphatic ketones. This result is important because it shows that 
there is no need to purify a solvent rigorously, small traces of Impurities 
having no appreciable effect on tire absorption band. It must be noted, 
however, that this holds good only when the absorption of the impurity 
11 is corrected for by placing an equivalent quantity of the solvent in the 
path of the lower beam of light. The ketone studied must also be optically 
pure, for if it contains any impurity, the absorption of the latter would 
be superim posed on that of the ketone itself and would thus lead to error. 
• /. dm. Sm,, 81, 7*7 (190a). 
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It ms soon found that any effect produced in the absorptive power of 
acetone by a solvent was produced also on any of the higher ketones, 
but in a less degree. (See Table I) It will be noticed that hexamethyl 
acetone gives no movement of the absorption band when dissolved in 
alcohol, nor does it give any movement when dissolved in water-alcohol 
mixtures. This accords well with the fact that this ketone does not 
form an oxime, hydrazone or semicarbazone, due probably to the 
steric effect of the adjacent methyl groups which also apparently 
prevent any hydrating of the carbonyl group by the solvent. In the case 
of solvents, such as hexane and carbon tetrachlo/ide, where there is a move¬ 
ment of the band towards the red, hexamethyl acetone behaves normally. 


Table I. —Effect op Solvent on Adsormivk Tower of Ketones. 


Pure Aqueous Lth\ 1 alcohol Heptane Chloroform 

liquid --*-- ----— — — ----— 


Ketone KMX 

Shift 

M 

X Shift 

M 

\ 

stun m x siiirt 

Acetone 2747 18 8 2645 

—102 

18 

0 

2725 —22 

17 

1 

1785 

+ 38 17 I 2743 

0 

Methyletbyl 2770 20 9 2665 

—95 

19 

8 

275O -20 

19 

4 

3799 

~t~29 19 4 *770 

0 

Methyl- 










propyl 2790 21.2 2695 

—95 

21 

2 

K> 

“J 

0 

I 

w 

O 

21 

2 




Methylbutyl 2790 212 2700 

—90 

21 

2 

2770 ~20 






Methyl 

t 









isopropyl 2820 21 2 2735 

-35 

2 J 

2 

2800 —20 

21 

2 

2815 +2i 


Methyl 










isobutyl 2810 21.2 2725 

-85 









Methyl 










tert. butyl 2850 21 2 2760 

—90 




2 1 

2 

2870 

i-20 21 2 7830 

0 

Diethyl 2780 21 2 2690 

-85 









Ethylpropyl 2800 21 2 2720 

—80 

21 

2 

2790 - 20 

21 

2 

2*15 

+15 212 2800 

0 

Hexamethyl 2950 . . 


21 

2 

2950 O 

21 

2 


-fl8 21 2 2950 

0 


M - molecular extinction of the ketone at the wave length of maximum absorp- 
tion X. The concentration of the ketones was about o i molar 


The extinction coefficient t of a ketone dissolved in a solvent will vary 
with the concentration of the solution, but if the molecular extinction 
is calculated by dividing e by tne concentration of the ketone in gram 
moles per liter, then according to Beer's law 1 the value of the molecular 
extinction will not be affected by solvents or dilution There lias hwn 
much controversy regarding the reasons why some substances do not 
obey this law, which, of course, presupposes that the molecules of the 
ketones are not affected by the solvents 


h» tins investigation it was found that deviations from Beer’s law oc- 

ZZt y f T and melh >' leth y 1 ketone, and the molecular ex¬ 

actions of all other ketones are constant (,, a) whether the ketone is in 
the pure state or in solution. 


Ttevidue of M for pure liquid acetone is 17. i, and this value is not 
changed by solution in hexane, chloroform, or other non-dissociating sol- 
1 Pm- Am., 86 , 78 (1853). * 801 
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vents. Solutions of acetone of about 0.1 molar concentration in ethyl 
alcohol and water give values of M equal to 18.6 and 18.8, respectively. 

Table II.—Change in the Position op tub Adsorption Maximum with Gradual 

Addition op Water. 


Normality, 

L. 

X 

Xt -X. 

US 

O 07 

2747 

0 

■jo.9 

O 09 

3716 

31 

8.4 

O 12 

3687 

70 

57 

0.17 

jW >3 

85 

a-4 

O 42 

3659 

88 

1 0 

I O 

3657 

90 

0.24 

4 2 

36 jl 

96 

0.12 

8 3 

rf>45 

102 

0.04 

25 0 

2640 

107 

0 


3<>37 

110 


L m liters of solution containing out g niol of acetone. 

X «* wave length of maximum absorption 

X, « wave length of nuuiimm alisorption for pure acetone. 


It seems very probable, therefore, that the deviation of acetone and 
methylethyl ketone is due to part association of the molecules and partial 
breaking down of tins association by an ionizing solvent such as water. 
The value of the molecular extinction for aqueous acetone is nearer to 
the normal value 21.2 In the case of the aliphatic ketones there is no 
deviation from Beer's law in passing from the pure state to solution in 
many different solvents except in the cases of acetone and methylethyl 




■e 

I 


♦o 


30 



! 



Fig. 1,—Uttrs of aqueous solution containing I $. moL at tee toot. 
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fetoae, when deviations are to be ascribed to disruption of associated 
mdeenles by an ionizing solvent. Table II shows the change in the posi¬ 
tion of the absorption maximum with gradual addition of a solvent (water) 
to pure acetone, the last line of the table being obtained by extrapola¬ 
tion. The water causes the center of the absorption band to move to¬ 
wards the ultra violet, the movement increasing with dilution tip to wave 
length 2637, at which point (see Curve I) it becomes asymptotic. 

Exactly analogous effects were observed when other solvents were 
gradually added to acetone, but owing to the much smaller shifts of the 

band center the ex Deri- 

P 7 o r 

/ mental error was too great 

- Y _—_ to allow accurate curves 

/ _ JO to be drawn. 

/ | Fig. 2 was obtained by 

-- starting with an 0.8 M 

jj solution of acetone in 
| 40 | water and gradually dis- 

_J & placing the water by alco- 

I | hoi, the strength of ace- 

-60 g tone being kept constant. 

j * In this case the effect is 
1 directly proportional to 

_go the quantity of alcohol 

j added This was found to 

"j--- hold generally for mix- 

___j___ tures of 2 solvents, and 

0 jo 40 60 80 enables us to state the 

Fig 2. general rule that if an ab- 

._, . sorbing substance is dis- 

solved m one solvent and if this solvent is gradually displaced by another 
solvent (the strength of the solute being kept constant) the movement of 
the absorption band is directly proportional to the percentage of the 
second solvent present. ” 

aQd *** *** two solvents; and let X A - the point of maximum 
let z <7 of B he’ aDd " u the P°’ nt ot maJtitnum absorption in B; and 

z&'jixszz r*rr the ° ^—— 

T . Xl = x a + */ioo(X a -X b ). 

1 nXrSlT 1 - or 2 %) in. 
fe corrected for in the usual way. ’ ^ mechan,cal absor Ption 

The variation in the position of the absorption maximum with the 
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nature of solvent, was first studied by Kundt, 1 who stated that with in- 
creasing refractivity of solvent the absorption band moved nearer the 
red. As a rough generalization (see Table III) Kundt’s rule undoubtedly 
appears to hold good for in the case of these solvents with higher refrac¬ 
tivity the band is generally nearer the red end of the spectrum. There 
are, however, several indications that it is not a hard and fast rule as, for 
example, in Table III, methyl acetate, which should give a shift similar 
to hexane, does not affect Die position of the band. 


Table III —Kundt’s Rule. 


Solvent 

Mol. refractivity 

Shift. 

Hexane . 

*9 7 

38 

Carbon tetrachloride 

26 4 

43 

Methyl acetate 

29 36 

0 

Ether 

22,31 

27 

Chloroform 

21 31 

0 

Propyl alcohol 

. . 17 4 

—11 

Acetic add . 

12 9 

—47 

Formamide 

85 

—42 

Methyl alcohol 

8 13 

—44 

In the column headed “shift’’ 

is given the difference between the centre of the 

absorption band of pure acetone and of acetone dissolved in the various solvents. 

With regard to the dielectric constants a similar effect may be observed, 
for in the cases of those solvents with low values of the dielectric constant 
the centre of the band is nearer the red end "of the spectrum. But as be- 

fore, this is only a rough generalization. 


An interesting study^was’made of the effect of using 

an homologous 

series of compounds as solvents, the case of the aliphatic alcohols being 
shown in Table IV, acetone of about 0.08 Af being used as solute. 

Table IV —Emcr or Homologous Series, with Acetone a# Solvent. 

Solvent, 

Center of band 

Shift, 

Methyl alcohol 

3720 

*7 

Ethyl 

2730 

—17 

Propyl 

*737 

—IO 

Isopropyl 

*737 

—IO 

Butyl . , 

* 73 * 

—II 

Isobutyl 

*734 

—n 

Tcrt butyl 

*735 

—12 

Iso amyl . 

*736 

—II 

Sec. amyl 

2740 

—7 

Octyl. 

*738 

~9 


* It will be seen that with the exception of methyl and ethyl alcohols which 
are abnormal the alcohols give a constant shift of 11 units. This shif t is 
similar to the scries constant in other physical measurements, such as 
refractivity' and magnetic rotation. The saturated hydrocarbons also 
show a series constant, those examined being pentane, hexane, heptane, 
* Am Pkys., 4t 34 U*78>- 
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•ditane, decane, and cyclohexane, and giving a constant shift erf 38 units 
towards the red. The chlonne derivatives of the paraffins examined were 
dhforoform, dichloro-ethane, trichloro-ethane and chloropropane, all of 
whkh gave no movement of the band center The series of fatty esters 
also gave no shift. The ether series (only one member examined) gave a 
Shift of +27 units 

These results are tabulated in Table V, acetone again being used as 
solvent 

Tabus V —Comparison of Series of Homoi ogitbs, Using Acetone as Solvent 


Solvent 

Number examined 

Average center 

Series constant 

Hydrocarbons 

6 

2785 

38 

Chlarohydrocarbons 

4 

-747 

O 

Alcohols 

10 

2736 

—II 

Acids 

2 

2724 

~*3 

Esters 

% 

2747 

0 

Ethers 

1 

2774 

*7 


A summary of the effect of solvents, on the absorption by acetone, is 
given m Table VI and it will be seen that solvents fall into 2 mam classes, 
namely those which move the band center toward the ultra violet and 
those which do not affect it or which move it towards the red 


Table VI —Effect of Solvents on nir Absorption by Acetone 

Normality Mol Extinction Center Shift 


Water 

0 1 

Methyl alcohol 

0 I 

Ethyl alcohol 

0 I 

Higher alcohols 

4 O 

Acetic acid 

4 0 

Propionic acid 

4 0 

Phosphorus oxychloride 

4 0 

Formamide 

4 0 

Hydrocarbons (6) 

4 0 

Chlorocarbon, (4) 

4 o 

Chlarocarbons 

0 l 

Carbon tetrachloride 

4 0 

Ethyl ether 

4 o 

Methyl acetate 

0 1 

Ethyl acetate 

0 1 

Ethyl propionate 

0 1 

Propyl acetate 

0 i 


18 8 

274S 

—102 

18 2 

2701 

—44 

iR 6 

2720 

— 21 

'7 1 

273b 

—11 

17 » 

2 700 

—47 

'7 ' 

2724 

—31 


2718 

—29 

18 8 

-ns 

-45 

17 1 

2785 

+ 38 

17 1 

2747 

O 

11 1 

2743 

0 

'7 1 

2789 

-U* 

1* 1 

2774 

+*7 

17 1 

2747 

0 

17 1 

2747 

0 

17 1 

2747 

0 

17 I 

2747 

0 


ttie difference between the two sets of solvents seems to be connected 
with their physico-chemical properties, especially their ionizing poweis. 
The replacement of hydrogen atoms which either ionize thenLlveTor 
camming properties on the solvent, causes the band of acetone to be 
displaced towards the red end of the spectrum 

“fy h® dlnstrated by the 3 compounds, water, ethyl alcohol, and 
ther. The very highly lomzmg compound water, the slightly kndzing 
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compound ethyl alcohol, and the non-ionizing compound ethyl ether, shift 
the band of acetone by —102, —22 and +27 units, respectively. Another 
example of this is given by the ionizing compound acetic acid, which dis¬ 
places the acetone band 47 units towards the ultra violet, whereas the re¬ 
placement of the hydrogen atom to give ethyl acetate entirely neutralized 
this effect, no shift being observed when acetone is dissolved in the ester. 

Summary. 

1. All of the aliphatic ketones except acetone and methylethyl ketone 
follow Beer’s law, i. e., the molecular extinction is independent of the con¬ 
centration, and solvent. 

With acetone and methylethyl ketone there are deviations when ion¬ 
izing solvents are used, due to partial disruption of the associated mole¬ 
cules. 

2. Kundt’s Rule, which states that with increasing refractivity of sol¬ 
vent the band moves towards the red, holds good if regarded as a rough 
generalization. 

3. When a pure substance is dissolved in an ionizing type of solvent 
the absorption center moves toward the ultra violet; if a pure substance 
is dissolved in a neutral non-ionizing type of solvent the absorption center 
is unaffected or moves towards the red end of the spectrum. It is proba¬ 
ble that tliis is a general rule which holds good for all classes of absorbing 
substances. 

The whole of the experimental part of this work was carried out in 
the Spectroscopic Department of Liverpool University, England, The 
author desires to express his sincere thanks to Prof. E. C. C. Baly for 
permitting him to make such full use of the facilities available there for 
this work 

New York, N Y 

[Contribution from the T Jefferson Cooudgs, Jr, Chemical Laboratory 
or Harvard Cou.KGE. | 

THE DETERMINATION OF POTASSIUM AS PERCHLORATE. H. 

By Gregory P. Baxter and Matscsukk Kobayassi. 

Recti February 1 . WTO 

Not long ago 1 we reported the results of experiments upon the quanti¬ 
tative handling of potassium perchlorate with special reference to its solu¬ 
bility in various washing media. After presenting additional evidence 
of the fact, already known, that the salt is soluble to a marked degree in 
even very concentrated alcohol containing perchloric add, we supported 
the proposal of Davis* of using as a washing liquid alcohol containing 

‘ Tins Journal 39, *49 
* J. Aft, Sci., j, ja (tyu). 
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perchloric acid and previously saturated with potassium perchlorate. A 
further suggestion of ■working at o° was made, since the uncertainty is 
tOxBost halved owing to the lesser solubility at this temperature. The ex¬ 
periments showed beyond question that the procedure is adequate to pre¬ 
vent loss of potassium through solution in the washing liquid. When 
ufoAlnm perchlorate was present, however, the potassium perchlorate re- 
covered was always in excess of the quantity originally taken, almost in 
proportion to the sodium perchlorate present. Part of this excess was 
unquestionably due to mechanical inclusion of the sodium salt in the parti¬ 
cles of potassium perchlorate during evaporation of the aqueous solution 
of the original salts to dryness, since re-solution of the precipitate and 
evaporation, after extraction and removal of the sodium perchlorate, re¬ 
duced this excess to a small fraction of the value it otherwise would have 
had. At the time we imputed the residual excess to inclusion, and it 
still seems probable that inclusion is responsible for a large port of the ex¬ 
cess. 

It was later pointed out, however, by Gooch and Blake 1 that a saturated 
alcoholic solution of potassium perchlorate may be caused to deposit a 
large part of the salt by dissolving in it sodium perchlorate. Apparently 
this takes place much more readily when the solution is in contact with 
solid potassium perchlorate. We had considered this point and, finding 
that the addition of sodium perchlorate to the saturated alcoholic solu¬ 
tion produced no visible precipitate, concluded that no difficulty was to be 
feared from this source. Since the appearance of the paper by Gooch 
and Blake we have tested the matter further, with results which are in 
accordance with theirs. 

In our earlier experiments, however, the difficulty could not have ex¬ 
ceeded a few tenths of a milligram, for the total quantity of dissolved 
potassium perchlorate in the washing liquid is less than 2 mg. per 100 cc. 
Since the volume of washing liquid used in the initial extraction of the 
sodium perchlorate was always 20 cc., it is hard to believe that the error 
from this source could exceed 0.4 mg. in any case. This is exactly the 
error found in experiments with moderate quantities of sodium salts, if 
the original precipitate was dissolved and re-formed to avoid inclusion, 
although the maximum error, in the presence of nearly enough sodium 
perchlorate to saturate the extraction liquid, was 4 times as large. It is 
likely that a part of this larger error was due to inclusion even during the 
second evaporation. 

It is, therefore, necessary to modify the treatment of the precipitate 
insofar as the initial extraction of the sodium salt is concerned, although 
the subsequent rinsing of the potassium perchlorate is best carried out 
with a saturated alcoholic solution of the salt as previously advocated. 

1 Am. J. Set., 44, 381 (1917). 
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Since the uncertainties involved are of small magnitude, the materials 
with which the following experiments were performed were very care¬ 
fully purified Potassium perchlorate was twice recrystallized from water. 
Fairly pure perchloric acid was distilled under reduced pressure in an all¬ 
glass apparatus, and was preserved in a quartz flask Sodium perchlorate 
was prepared from sodium chloride. The latter substance was several 
times precipitated from aqueous solution with hydrogen chloride, the first 
and last solutions being freed from insoluble matter by filtration through 
a platinum-sponge crucible. In order to change the chloride to per¬ 
chlorate, a solution of the salt was evaporated to dryness with an excess 
of perchloric acid, and the residue was several times dissolved and the 
solution evaporated to dryness with small amounts of perchloric acid. 
Alter the salt had been dissolved and the solution filtered through platinum 
sponge, the solution w;ls again evaporated to dryness and the residue 
dissolved in alcohol containing o i c ' 0 ol perchloric arid Filtration fol¬ 
lowed and the processes of evaporation, solution in alcohol and filtra¬ 
tion were repeated. The final alcoholic solution was evaporated to dry¬ 
ness, and the residue was dissolved in water to make a 10% solution from 
which suitable quantities could be measured out for the separate experi¬ 
ments Alcohol was dehydrated over lime and redistilled. 

The first experiments were directed to determine how completely potas¬ 
sium perchlorate is salted out by sodium perchlorate. Sodium per¬ 
chlorate solution was evaporated to dryness in a platinum dish and the 
salt was dissolved at o' in alcohol containing o. i £ ,'c of perchloric arid and 
saturated with potassium perchlorate Such an alcoholic solution will, in 
the following pages be designated masking liquid, and is indicated in the 
tables of results with the letter W. After standing 20 minutes the solu¬ 
tion was filtered through a weighed platinum-sponge crucible, and the 
dish and crucible were thoroughly rinsed with washing liquid. Then the 
crucible was dried upon an electric stove at about 200 0 The gain in 
weight of the crucible, which represents the potassium perchlorate salted 
out, gradually increases from an almost negligible quantity (0.1 to 0.3 
mg.) with moderate concentrations of sodium perchlorate, (0.25 g. in 
20 cc. washing liquid), to very nearly all of the dissolved potassium per¬ 
chlorate when the washing liquid is nearly saturated with sodium per¬ 
chlorate (one g. in 20 cc). The data obtained in these experiments are 
given in Table I, Expts. 1 to 7. 

Apparently the salting out of potassium perchlorate from the washing 
Squid is not to be feared if the quantity of sodium perchlorate is no more 
than a few tenths of a gram, while it cannot exceed 0.4 mg. for each 20 cc. 
of washing liquid used in the initial extraction, since this is the total quan¬ 
tity of dissolved salt. Alter the first extract has been decanted, so little 
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sodium perchlorate remains that the second addition of washing liquid 
wlli not result in further salting out. 

, tn order to show that the sodium perchlorate itself was not responsible 
fear any appreciable part of the gain of the crucible, similar experiments 
Were performed using alcohol containing perchloric add but no potassium 
perchlorate. Such a solution is indicated in the tables by the letter A. 
The gain in wdght of the erudble did not exceed o. i mg. in any case. 
(Expts. 8 to 13.) 

In order to determine whether sodium perchlorate can be completely 
washed out of a preripitate of the potassium salt, in Expts. 14 to 18 the 
dry sodium perchlorate was dissolved at o° in absolute alcohol contain¬ 
ing 0.1% of perchloric add, and was poured upon a weighed quantity 
of finely powdered potassium perchlorate in a platinum dish. After being 
stirred the solution was allowed to stand a few minutes and then was fil¬ 
tered through a platinum-sponge crucible The residue was washed by 
decantation mam times with small portions of chilled washing liquid, and 
was dried and weighed. It is unlikely that the gain in weight, which oc¬ 
curred in ever}' case, is due to potassium perchlorate salted out of the 
washing liquid, for the greater portion of the sodium perchlorate had been 
eliminated before even the first portion of washing liquid was added. 
Furthermore, the gain in weight seems to be roughly proportional not 
only to the quantity of sodium perchlorate, but also to that of the potas¬ 
sium salt It seems more probable, therefore, that this gain is due to 
adsorption of the sodium perchlorate by the precipitate In practice 
such a difficulty need not be feared, however, since solution of the original 
precipitate and re-evaporation may be depended upon to eliminate such 
impurity 

This effect is apparently somewhat irregular. At any rate, in Expt. 19, 
which was identical with Expt. 15 except that the initial extraction was 
made with washing liquid instead of alcohol, the excess in weight of re¬ 
covered material was no greater than in the latter experiment. 

The foregoing experiments confirm Gooch and Blake’s observation 
that if washing liquid is used in the initial extraction of the potassium 
perchlorate, when a considerable amount of sodium perchlorate is present 
appreciable amounts of potassium perchlorate may be salted out of the 
washing liquid. On the other hand, the error introduced in this way 
under no circumstances is likely to exceed one mg., since even at room 
temperature alcohol containing perchloric arid will dissolve no more than 
this weight of potassium perchlorate in a 20 cc. portion, while at o° 
the possible error is limited to half this quantity. It should be noted 
that the higher figures given by Gooch and Blake refer to 50 cc. of alcohol 
at room temperature and containing no perchloric acid. 
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Tabls I 


Expt 

Pint 

extract 

Ce 

Wa»htng« 

Ce 

NaClO< 

taken 

G 

KClOa 

takfn 

G 

KClOa 

found 

G 

Error 

G 

t 

W 20 

w 

50 

O 25 


0 0001 


2 

TV 20 

w 

50 

0 25 


O 0003 


3 

W 20 

w 

50 

0 5 


O 0002 


4 

W 20 

w 

50 

0 5 


O 0004 


5 

TV 40 

w 

50 

1 0 


0 0006 


6 

"W 40 

w 

50 

2 0 


0 0006 


7 

W 40 

w 

50 

2 O 


O 0007 


8 

A 20 

w 

50 

0 5 


0 0001 


9 

A 20 

w 

50 

0 5 


0 OOOI 


10 

A 20 

w 

50 

1 0 


0 OOOI 


11 

A 20 

w 

50 

t 0 


O OOOI 


13 

A 40 

w 


2 O 


0 OOOI 


13 

A 40 

TV 

50 

2 O 


0 OOOI 


14 

A 20 

TV 

95 

O 25 

1 oon 

I 0015 

+0 0004 

'S 

A 2<l 

TV 

KX> 

l O 

0 3021 

0 302 4 

-fo 0003 

16 

A 20 

w 

IOO 

I O 

0 *033 

0 1034 

+0 0001 

17 

A 20 

TV 

I IO 

1 O 

1 0019 

X 0030 

+0 0011 

18 

A 20 

TV 

>05 

> 9 

i 0009 

1 0016 

+0 0007 

19 ■- 

W 20 

TV 

80 

I 0 

0 3010 

0 3013 

+0 0003 


Next several'experiments were performed to determine, under the con¬ 
ditions of our experiments, the magnitude of the loss of potassium per¬ 
chlorate through solubility, it the alcohol is not previously saturated with 
this salt A weighed quantity of potassium perchlorate was dissolved in 
water together with approximate quantities of sodium perchlorate, and 
the solution was evaporated to dryness with an excess of perchloric add. 
The residue was extracted at o° with alcohol containing o.i c /< of per¬ 
chloric acid, and was washed by decantation twice with small portions of a 
similar solution. In order to avoid inclusion of sodium salt, the predpi- 
tate was dissolved in water and the solution was again e\aporated to dry¬ 
ness with a small quantity of perchloric acid. Extraction and washing 
with an alcoholic solution of perchloric acid followed, and the predpitate 
was collected and dried. In these experiments, Table II, Nos. 20 to 25, 
a negative error occurred in every case. Two similar experiments at room 
temperature, Nos. 26 and 27, showed somewhat larger losses It is obvious 
that the apparent error from solubility will be less with larger amounts 
of sodium perchlorate, partly owing to the lessened solubility of the pre¬ 
cipitate, partly owing to compensation by inclusion of the sodium salt 
by the predpitate, even when solution and re-formation of the predpi¬ 
tate during the washing occurs. With more dil. alcohol, also, the error 
will become larger. 
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Tabus IT. 




Expt. 

20. 

First 

extract- Washings. 
Cc Cc. 

NattOi 

taken. 

G. 

KCI 04 

taken. 

G. 

KOO* 

found. 

G. 

Error. 

G. 

A 20 

A 105 

O. I 

O.3007 

0.2995 

—0.0012 

A 20 

A 100 

0.5 

0.3007 

0.300J 

—0.0002 


A 20 

A 105 

o -5 

0 30U 

0 3007 

—O.OOO4 

23 . 

A 20 

A 110 

I 0 

O 3004 

0.3001 

—0,0003 

A 20 

A MO 

1.0 

O.3OO7 

O 2992 

— 0.0015 


A 20 

A 90 

1.0 

0 3007 

O 3007 

— 0.0000 


A 20 

A too 

0.1 

O 3005 

O 2991 

—0.0015 


A 20 

A 95 

I 0 

0 3018 

O 3014 

—0.0004 

There'cau be*no 

question 

therefore, of the necessity for precautions to 


avoid loss of potassium perchlorate tlirough solubility beyond that of 
using an alcoholic solution of perchloric acid as cashing liquid. Finally 
we made a series of experiments under varied conditions in an effort to 
discover’the procedure best adapted to yield accurate results. In all 
these experiments an exactly weighed quantity of potassium perchlorate, 
together with an approximately weighed portion of sodium perchlorate, 
was dissolved in water and the solution was evaporated to dryness with 
a smq n quantity of perchloric add. In Expt. 28, Table III, the residue 
was extracted at 0° with an alcoholic solution of perchloric acid, and then 
was washed by decantation and transferred to the platinum-sponge 
crudble with chille d washing liquid. The excess in weight of recovered 
potassium perchlorate is undoubtedly due chiefly to mechanical inclusion, 
since the predpitate was not redissolved in the course of the washing. 

In Expts. 29, 30 and 31, the dry residue was first extracted at o° with 
washing liquid, and after 3 rinsings with washing liquid it was dissolved 
in water and the solution was evaporated to dryness with a little per¬ 
chloric add. A second extraction and rinsing with washing liquid fol¬ 
lowed. These experiments were comparable with those in the last table 
of our previous paper. As is to be expected, a consistent error persists, 
although somewhat less in magnitude than that indicated in the earlier 
results. We attribute the difference, in part at any rate, to the better 
quality of the sodium perchlorate used in these experiments. 

In Expts. 32 to 36 the initial extraction of the dry salt was done with 
alcohol containing 0.1% of perchloric acid. Otherwise the experiments 
were identical with the preceding 3. The excess in weight of recovered 
perchlorate may be ascribed to either adsorption or indusiou of the sodium 
salt by the precipitate, rather than to salting out of material from the 
mother liquor. 

Three additional rinsings of the first predpitate before solution and re- 
evaporation produced no perceptible effect on the results in Expts. 37 
and 38. 
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In Expts. 39 and 40 the precipitate was dissolved and the solution evap¬ 
orated after the third rinsing, and again after the fifth, washing liquid be¬ 
ing used always, except in the initial extraction. This procedure, though 
troublesome, diminished the positive error to a point which for most pur¬ 
poses is very satisfactory. 

In Expts. 41 and 42 the initial extraction with alcoholic perchloric add 
was followed by 2 rinsings with the same liquid, but the precipitate was 
only once re-dissolved. The results compare favorably with those of the 
preceding 2 experiments, owing possibly in part to compensation between 
solution of the precipitate in the first 2 rinsings and inclusion. 

Taslb in. 


E«pc. 

Plm 

ext. act, W a shim*. 

Cc. Cc 

NaCK>* 

taken 

G. 

rctos 

taken. 

G. 

KClOa 

foiled. 

O. 

Error. 

0 . 

28. 

A 20 

W 95 

O 1 

O $030 

0.3038 

+-0.0008 

29 . 

W 20 

W no 

0.3 

0.3012 

0,3017 

+00005 

30. 

W20 

W no 

0-5 

O.3003 

0 3009 

+0.0006 

31 . 

W 20 

W 107 

I .0 

0 3035 

0 3044 

+0.0009 

32 . 

A 30 

W n8 

O. I 

0.3003 

0 3005 

+0.0002 

33 . 

A 20 

W 100 

O I 

0.303X 

0 3023 

+0.0002 

34. 

A 20 

W IOJ 

0.3 

0.3021 

0 3025 

+0.0004 

33. 

A 20 

W 95 

0 5 

0-3003 

0.3007 

+0.0004 

36 . 

A 20 

W 95 

1 .0 

03013 

0.3019 

+0.0006 

37 . 

A 20 

W too 

0 5 

0.3006 

0 3009 

+00003 

38 . 

A 20 

W 108 

1 0 

0.3009 

0.3016 

+0.0007 

39. 

A 30 

W 103 

0.5 

0.3010 

0.3012 

+00002 

40 . 

A 20 

W too 

1.0 

0 3007 

0.3010 

+00003 

4*. 

A 20 + to + 10 

W 85 

0.1 

0.3013 

0.3012 

—0.0001 

42. 

A 20 + 10 + 10 

W 77 

I 0 

0.3019 

0.3023 

+0.0004 


In view of the foregoing evidence we, therefore, reiterate our earlier 
recommendations, with the modification that the initial extraction of the 
sodium perchlorate be carried out with alcohol containing perchloric add 
but no potassium perchlorate, instead of with a saturated solution of the 
latter substance. In case the quantity of sodium is small, the use of a 
saturated solution of potassium perchlorate for the initkl extraction is 
safe; in case the quantity of sodium is large, the potassium salt is best 
washed once or twice with alcohol containing perchloric add before the 
use of saturated solution of the precipitate is commenced. 

Aside from the above the chief recommendations are as follows: 

1. The use of absolute alcohol. 

2. The use of a low temperature in washing (o'). 

3. The use of a platinum-sponge crutible. 

4. At lost one solution of the predpitate in water and re-evaporation 
in the coarse of the washing. 
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.. The use 0 { alcohol containing perchloric add and saturated with 
potassium perchlorate at the temperature of use for washing the pre¬ 
cipitate after the sodium salt has been extracted with alcohol containing 
perchloric acid. 

The saturated solution of potassium perchlorate is best prepared by 
dissolving the necessary amount of salt in hot cone, aqueous solution of 
perchloric acid and adding the solution to anhydrous alcohol. 

Bv this procedure the error can undoubtedly be kept within a very few 
tenths of a milligram, and seems to us preferable to, although more trouble¬ 
some than that of Gooch and Blake, who have advocated the procedure of 
keeping the volume of washing liquid, consisting of an alcoholic solution 
of perchloric acid, \erv small. The errors in their experiments varied 
from negative values of from o 5 to 0.9 mg. in the absence of sodium 
salts, to positive values up to 2 6 mg. in the presence of sodium salts. 

Cambridge, Mass, 


(Contribution form the Laboratories of Soil Fertility, Bureau of Plant 
Industry, L'. S. Department of Agriculture ) 

COLORIMETRIC DETERMINATION OF TITRATION CURVES 
WITHOUT BUFFER MIXTURES. 


By Louis J. Gillespie 
Received February 4 , 1920 

The writer is led to present this material by the experience of the late 
Dr. E. H. Walters (First Lieutenant, Sanitary Corps) and Dr. L. E. 
Wise, formerly in this laboratory, who found the titrimetric determination 
of molecular weight to be very useful in the identification of small quan¬ 
tities of unknown acids in cases where phenolplitliolein could not be used 
and where no neutralization equivalents were given in the literature. 
The usefulness of the titration curves has been explained by Hildebrand, 1 
who gave a comparatively simple electrometric procedure. The writer 
has aided both Dr. Wise and Mr. R. N. Harger in determining titration 
curves coloritnetrically, using the assortment of indicators recommended 
by W. M. Clark and Lubs ! , and tire o 05 M buffer mixtures studied by 
them. 1 For titration curves a large number of buffer mixtures were re¬ 
quired, and we in fact resorted only to the colorimetric method because 
the neutralization equivalent was required for an organic acid containing 
arsenic, which badly poisoned the hydrogen electrode. Since that time 
the writer has developed a system for the colorimetric determination of 


1 This Journal, 35, 847 (1913,1. 

* H. A. tubs and W. Mansfield Clark, J . Wash. Acad. Sd„ 6, 481 (1916); W. M. 
Clark and H. A. tubs, J. Baa., 3, 1, jog, 191 (1917). 

T n* Y'u-' aDl! H> A Lubs * J - BM - Ck * m - *5' risnfi); al» described In 
J. Mad., lac. ctt. 
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hydrogen ion concentration which requires no buffer mixtures. 1 and the 
main inconvenience for the present purpose is thereby removed. The 
procedure requires now little beyond the indicators themselves, and may 
be taken up without special preparation. 

The data upon which Table I was constructed were determined by 
means of Clarks and Lubs’ buffer mixtures, 1 the hydrogen-ion exponents 
of which were determined at the working room temperature, and the data 
were smoothed by tne use of the equation P n - k + log (alk. form)/ 
(acid form), where P H is the hydrogen ion exponent of SSrensen; k, the 
apparent or total dissociation constant, the logarithms are common, and 
"alk. form” and ‘‘acid form” are the concentrations of indicator practically 
completely transformed into the alkaline or acid form by excess of base 
or acid. The equation was verified for all the indicators of Table I within 
the limits of experimental error. The equation is the general equation 
of which Equation 7, page 1122, of Stieglitz* is the type, and comes from 
the application of the mass-action law to both the dissociation and any 
tautomeric equilibria when the indicators are assumed to be monobasic 
acids or monacid bases The values obtained from Table I should be 
good to about o. 1 at room temperatures (25 to 30 °). Reference may be 
made to the other forthcoming paper for further details and literature 
discussion. 

Neutralization equivalents are seldom given in the literature for cases 
where plienolphthalein or methyl orange cannot be used, yet such values 
can still be obtained in many cases by titration to the proper end-point, 
expressed in terms of hydrogen ion exponent (P H ) A titration curve shows 
the point, if there is any, where the largest change of reaction (Ph) occurs 
per drop of alkali (or acid) and this is the end-point of the titration. 
This point is taken as the middle of the steep or comparatively steep 
portion of the curve. The method can be applied for learning whether 
the acidity of a given mixture, perhaps of weak and strong acids, or of 
weak acids and salts of weak bases, can be determined by direct titra¬ 
tion. A. B. Clark and Lubs 4 recently gave a method for titrating 2 acids 
successively in the same solution in certain cases; other cases can be studied 
most directly by means at titration curves. The determination of the 
titration curve as outlined gives both the titration result required and 
at the same time information sufficient for the specification of conditions 
for simple titration and for the statement of the experimental error due 
to uncertainty of end-point. 

1 To be published in Soil Science. 

* W. M. Clark and H, A, Luba, J. Biol Chem., 3$, 479 (1916); also described in 
J. Bael., toe. oil. 

* This Jocxna!.. 35, uu {1903;- 

* Ibid., 40,1443 (i9«S). 
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Preparation of Indicator Solutions. 

The indicators used are from the assortment recommended by Clark 
mid tubs, 1 after careful study in various biological fluids, in comparison 
with direct electrometric measurement. Some of them have also been 
tested in the sam e way in soil extracts,' of very low salt content. They 
are known to be a relatively high degree of reliability. With the excep¬ 
tion of methyl red, they are sulfonphthaleins, a series which is the sub¬ 
ject of an interesting series of papers by Dr. S. F. Acree and collabora¬ 
tors,’ who have been studying especially the seat of color change, and 
the various tautomeric and dissociation constants involved. 

Tabus I. — Data tor ths Dr-termination or Hydrogen ion Exponent. 

Htdrogtn ion exponent for each pair of tube* 


Brom- Brora- Brona- 

phenot Methyl cresol thymol Phenol Creeol Thvmol 


Drop r«tto. 

''blue. 

red 

purple 

blue 

red 

red. 

blue 

1 : 9. 

31- 

4 05 

S 3 

6 *5 

6 75 

715 

7.8J 

1.5 : 8 s. 

33 

4 25 

5 5 

6 33 

6 93 

7 35 

8 oj 

2 : 8. 

3 s 

4 4 

5 7 

6 5 

7 > 

7 5 

8 2 

3 : 7. 

3 7 

4 6 

5 9 

6 7 

7 3 

7 7 

8-4 

4 : «. 

3 9 

4 8 

6 1 

6 9 

7 3 

7 9 

8.6 

5 : S. 

4 1 

5.0 

6 3 

71 

7 7 

S 1 

8.8 

6 = 4. 

4 3 

5 2 

6-5 

7 3 

7 9 

8 3 

9 0 

7:3. 

4 s 

5 4 

6 7 

7 5 

8 1 

8 5 

9 2 

8 : a. 

4 7 

3 6 

6 9 

7 7 

8 3 

8 7 

9 4 

*3:13 . 

4.8 

5-75 

7 0 

7 85 

8 43 

8 83 

9 55 

9 : 1. 

5 0 

5 95 

7 2 

8 05 

8 65 

9 05 

9 75 

% In indicator solu- 

tion. 

0.00S 

0 008 

0 012 

0 008 

O OO4 

0 00S 

0 008 

Cc. 0.1 N NaOH per 

0,1 g. portion . 

r.64 


2.78 

1 77 

3 >o 

2 88 

2 38 

Produce acid color 

with . 

0 05 N 

0 05 .V 

0 05 .V 

0 05 A’ 

0 03 N 

* y c 

2% 

Quantity acid used to 

HCi 

HCI 

HCI 

HCI 

HCI HtKPQ* H t K.PO» 
or H.Q 

produce odd color.. 

1 CC. 

1 drop 

1 drop 

1 drop 

1 drop 

1 drop 

i drop 


The strengths given in Table I are suitable for test-tubes of about 15 
mm. external diameter with moderately thin wall. The test-tubes should 
be of fairly uniform diameter and should have no flanges. Methyl red 
solution is made up in alcohol of about 60 vol. per cent The free indi¬ 
cator acid is dissolved in add-free alcohol after grinding and the volume 
made up with distilled water (6 volumes of alcoholic solution being mad* 
up to 10). The other indicators are prepared as monosodium salt in 


' B. A. Lubs and W. Mansfield Clark, /. Wash. Acad. Set., 6, 48) (1916); W. M. 
vWk MUl EL A. Lube, /. Boot,, a, i, 109, xgi (1917}, 

“• *■ 7 <,w,i 1 >• •*> «-* «• 

* This Jootmai, 41, 1190 (1919), and previous article*. 
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water solution, i, i equivalents of alkali being used except in the case of 
dltaromo-0-cresolsulfonphthalein, which requires more nearly 1.5 equiva¬ 
lents. 1 The strengths given are in terms of the free acid. The table 
gives the quantity of standard alkali furnishing the stated number of 
equivalents for 0.1 g. portions of the indicator acids. In dissolving the 
indicators, it is practically necessary to grind the indicator with the alkali, 
added in portions, before making up the volume. Heat may be used, 
but should be unnecessary. The indicator solutions are reasonably 
permanent, but the color standards prepared from them should not be 
trusted more than a day or so, especially the more alkaline indicators. 

The indicators can now be purchased in this country or prepared. 1 

Preparation of Color Standards and Use in Determination of Hydrogen 

Ion Exponent 1 

A very similar technique has been proposed by Barnett and Chapman 1 
for determination of hydrogen ion exponent with phenol-sulfonphthalein. 

To take a concrete example, if 6 drops of methyl-red solution be put 
in a test-tube with the addition of a drop of dil. alkali and enough water 
to make the volume 5.5 cc., and 4 drops of methyl-red solution be treated 
in another test-tube with a drop of dil. add and enough water to bring 
the liquid to the same height (the tubes should be nearly uniform), this 
pair of tubes constitutes a color standard, such that a solution of unknown 
hydrogen ion exponent containing io drops of indicator solution in the 
same volume will have the exponent 5.2, if its color, dewed through the 
side, matches the color seen when the light passes through both tubes 
of the standard pair held together (conveniently with rubber bands). 
The figure 5.3 is found from Table I, under the heading methyl red and 
opposite the drop ratio 6 ; 4. The first figure of the drop ratio indicates 
the number of drops in the alkaline tube, and the second the number in 
the acid tube of the color standard pair. To secure a better optical effect 
a tube of clear water should be held behind the tube containing the un¬ 
known solution. The simple comparator shown in Fig. 1 (modified from 
the comparators used by Hurwitx, Meyer, and Ostenburg* and by Clark 
and hubs' is of great convenience, and almost necessary if the unknown 
solution is colored itself. In this case some of the unknown without in- 

1 Dr. H. A. Labs, private communication. 

* H. A. Labs and W. M. Clark, J. Work Acad. Set., 5,609 (191$); and 6,431 (1916}; 
K. C White and S. F. Acrec. Tms Journal, 41, 1190 (1919), and previous articles. 

* The hydrogen-ion exponent is the common logarithm of the reciprocal of the 
hydrogen ion concentration in gram equivalents per liter. As the aolutiaa b ecom e s 
mere alkaline, the exponent increases, passing through about 7.0 at physico-chemical 
neutrality. 

* J. Am. Mad. Awe., 70,1063 <1918). 

* lakes Bafikua Hospital Bull. 17, t6 (1916). 

* W. M. Clark and H. A. Lube, J. Bad., a, r, 109,191 (1917). 
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{Hester is put in a test-tube back of the standard pair for compensation, 
£ fcjfces of dear water in back of the unknown plus indicator. This 
0 ^ dev jce of Walpole, 1 who also studied the titration curve of solu¬ 
tions which had themselves indicator properties. In this case standard 

| alkali (or add) is added to the un- 

_ known solution without indicator, 
just as it is added in the actual 
titration. The comparator illus¬ 
trated is suitable for test-tubes of 
the above given dimensions. 

Table I gives the necessary 
data. The first figure of the drop 
ratio indicates the number of 
drops in the alkaline tube, and 
the second, the number in the add 
tube of the color standard pair. 
The ratios 1.5 : 8.5 and reverse 
are inciuded because of their oc¬ 
casional usefulness. Three and 17 
drops are taken and the volume is 
made up two-fold, *. a., to 11 cc. 
Extra ratios may be interpolated 
at will in this way wherever de¬ 
sired The quantities of acid used 
to develop the full acid color in 
the standards need not be exact. 

Pig. 1. Comparator for hydrogen ion ex- cven as to the number 0 f drops, 
ponent measurements. The interior is painted _ , 

black For producing the full alkaline 

color in the standards, one drop 
of 0.05 N NaOH is satisfactory, except for thymol blue, which requires 2 
or 3 drops. 

The indicators are entered in the table under their laboratory names: 
their chemical names being, in regular order teirabromophenol-sulfcm- 
phthalein, 4'-dimethylaroido-azobenz,ene-2-carixc(yiic acid, dibrom-o- 
cresol-sulfonphthalein, dibromo-o-thymol-sulfonphthalein, phenol-sulfon- 
phtbalein, o-cresol-sulfonphthalein, and tbymol-sulfonphtbalein. 



Titration Procedure. 

A definite quantity of substance is made up to definite volume with 
water, 1 and aliquot portions are used, one for each necessary indicator. 
1 Biochtm. J., 5, 207 (1910) 

1 Tf the solution is not aqueous, but contains much alcohol at other advent, the 
figures of Table I cannot be expected to apply. However, it atjU may be to 
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If the substance is rare, one portion may serve sometimes for 2 indicators, 
as detailed below. The indicators may be used in regular order for the 
complete curve, but generally the approximate turning point will be 
known well enough to avoid the necessity for using all, and the curve is 
constructed in sections, which may, of course, be determined in any 
order. A chosen indicator solution is added to the aliquot in the pro¬ 
portion of 2 drops per cc. of the aliquot. Standard alkali (or add) is 
then added until the color begins to change. Two drops of indicator solu¬ 
tion are then added for every cc. of standard alkali added, and, after mix¬ 
ing, a portion of the solution is poured into a test-tube and its hydrogen 
ion exponent determined by means of the color standards. The solution 
is then returned to the main portion, without rinsing the test-tube, more 
alkali is added until the color has changed significantly, and indicator 
solution is added as before and the exponent determined in the same test- 
tube. As the titration proceeds, the hydrogen ion exponents are plotted 
vertically on cross-section paper against the number of cc. of standard 
alkali (or acid) added The titration is continued until the indicator has 
reached its limit. Another section of the curve is then secured by the use 
of another indicator. It is sometimes possible to economize valuable sub¬ 
stance by applying 2 indicators in succession to the same solution; for this, 
the working ranges of the 2 must not overlap. In this way we have used 
phenol-sulfonphthalein after methyl red. Before the alkaline limit for 
methyl red was reached the curve had already become steep, so that a 
slight excess of alkali sufficed to bring the reaction into the phenol-sul¬ 
fonphthalein region. It was desired to obtain more of the curve in order 
better to estimate the middle point. Methyl red solution was, therefore, 
diluted in water containing a drop of alkali, 2 drops of methyl red per 
cc., and this was placed in the comparator in back of the phenol-sulfon- 
phthalein color standard. Phenol-sulfonphthalein was added to the ali¬ 
quot used for methyl red, and the titration continued with the phenol- 
sulfonphthalein color standards. 

The procedure for colored bodies, including such as may possess indi¬ 
cator properties, was outlined above under the preparation of the color 
standards. 

The method has certain limitations. The data do not extend into the 
alkaline region beyond the useful range of phenolphthalein. If desired, 
phenolphthalein may be used in the same way as the others. It has the 
disadvantage of a relatively high salt error, as was shown by the w ee k of 

carry oat the scheme with satisfaction, even if the various curve-portions found for die 
different indicators do not fit together, since the sudden change in the form of die 
Utreticu curve may occur almost entirely within the range of one indicator. There axe 
many cases where hydrogen ion determinations may be very serviceable, in solutions 
hardly aqueous, whether or not the absolute P« »*- *-— 
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Roaenstein 1 He gave figures for various salt contents, for which refer¬ 
ence must be made to his article. For the case where the salt contest is 
O.05 AT, and the temperature 23-24°, the following hydrogen ion exponent 
values may be used. For the successive drop ratios, 1 :9, 2 : 8, 3 : 7 
+ ; 6, 5 :5, 6:4, 7 .‘3, the values are 8 8, 9.1, 9.2, 9 - 3 . 9 - 5 . 9 - 7 . 9 - 8 . 
respectively. An 0.08% solution of phenolphthalein in alcohol is suita¬ 
ble The values are calculated from the data of Rosenstein, but are modi¬ 
fied by subtracting 0.1 in every case, m accordance with some measure- 
meats of the writer. 

Another limitation relates to the possible inexactness of the method if 
applied to solutions containing substances which may have specific action 
on the dissociation or tautomerism of the indicators. The method may 
still be of sufficient value, however, as in solutions con taini ng organic 
solvents, as discussed in a footnote under “Titration Procedure." 

In case the removal of carbon dioxide is necessary, this should be done 
at room temperature, by passing air through soda lime and then through 
the solution. 

Summary. 

A simple method has been described for securing titration curves colon- 
metrically, which requires the minimum of equipment. The hydrogen 
ion exponents are determined without the use of buffer mixtures. In¬ 
stead of a buffer mixture containing indicator, a color standard is < wd , 
consisting of a pair of test-tubes containing together 10 drops of indicator 
solution of suitable strength, the drop ratio being varied from 1 :9 to 
9 :1. One tube of the pair contains dil. alkali and the other wnt.m. 
dil. add. Reference to a table gives the hydrogen-ion exponent corre¬ 
sponding to the drop ratio, or the exponents can be calculated from the 
relation P B = k + log (drop ratio); where the logarithms are common, 
the drop ratio is the ratio of the number of drops (of the indicator solu¬ 
tion) in the alkaline tube to the number in the add, and the values of k 
(good to about 0.1 at 25-30°) are the following: tetrabromo-phenol- 
sulfonphthalein, 4.1: methyl red, 5.0; dibromo-o-cresol-sulfonphthalein, 
6.3; dibromo-thymol-sulfonphthalein, 7.1; phenol-sulfonphthakin, 7 7- 
o-cresol-sulfonphthalein, 8.1; thymol-sulfonphtbalein, 8.8. Details of 
technique are given in full. 

Washington, D. C. 


, *Thb Jooinal, 34, 1117 (1911). The writer has no definite comnarfam to nth* 
far the relative values of thymol blue and phenolphthalein. No systematic atudv of 
the salt errors of thymol blue has yet an neared •,«/.>, QO u a iT* ca *f** c 
phthajein. Clark and Labs studied , * oseD3teia • **“*7 of phend- 

The study in soil extracts has not been extended to Wi °° 4 wm P 0 * itio0 - 

mere, the titration curves deterS **"*** Part ‘“ r ' 
3 indicators. We suspect that calcium hydrmdd# Iat)Qrat W have not I ncluded 
timn, but have not settle ***** 



CATALYTIC HYDROGENATION WITH PROTECTED HYDROSOLS. 749 
[CONTRIBUTION’ PROM TUB ChBMICAI, LABORATORY OF TUB UNIVBRSITY OR IlAINOl*. ] 

CATALYTIC HYDROGENATION WITH PROTECTED HYDROSOLS. 

By Eric K Riebal. 

Received February 1920 , 

Applications of colloidal platinum and more especially of colloidal 
palladium as catalytic hydrogenating agents have now become general 
in many organic syntheses. The hydrosols prepared by reduction with 
hydroxylamine salts are usually protected by Paal’s method with the 
sodium salts of protalbic and lysalbic acids. These colloids have been 
used by Paal and his co-workers' in a great variety of reduction processes 
but other protective colloids possessing low gold numbers such as gelatine, 
gum arabic, or casein may be employed. 

Catalysts prepared according to Paal's method are found to be extra¬ 
ordinarily stable both towards temperature changes and to the presence 
of electrolytes, but they are very variable in activity. It was formerly 
thought* that the protective effect of the colloid was due to mutual ab¬ 
sorption, resulting in the formation of a coating over the metal surface 
by the protective colloid, while Bancroft* identifies protective action with 
peptization, indicating the disintegrating or peptizing action of the pro¬ 
tective colloid in a great number of instances. 

When colloidal sols are employed for catalytic purposes the choice be¬ 
tween Freundlich's theory and that of Bancroft as to the mechanism of 
protection becomes one of great importance. According to Freundlich's 
point of view the activity of a colloidal catalyst should fall on the addi¬ 
tion of the protecting agent since the active surface of the catalyst become 
covered with the inert protector. On the theory of peptization, an the 
other hand, the addition of small amounts of the protective agent should 
peptize the colloid metal and thus increase its surface and consequently 
its activity should rise; after the addition of the optimum amount of 
peptizing agent, this amount being governed by various factors such as 
the magnitude of the various interfacial surface tensions and the vis¬ 
cosity of the medium which affects the Brownian movement, the metal 
sol is peptized as far as possible Subsequent addition of the peptizing 
agent can now no longer increase the surface of the sol bat will commence 
to cover up the free surface of the metal, with a consequent decrease in 
catalytic activity. 

« It appeared probable that this preliminary rise and subsequent fall 
in catalytic activity on the progressive addition of a protective colkad, 
which was to be anticipated on Bancroft's hypothesis should be capable 
of experimental determination; such was found to be the case in the cata- 

* B*r, Uvea); especially Ber, 35, 16 (1904); 4*1 8*8 *z»d aa 8 i (>908); 4*, aaj* 

48, 994 (191s). 

* FreaatUich. "KapUlRrchemic," p. 455 
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lytic reduction of phenyl propiolic acid utilizing both platinum and pal¬ 
ladium hydrosols with gum arabic as protective colloid. 

Influence of Concentration of Peptizing Agent. 

The general method of procedure was as follows. Ten cc. of a solution 
of palladium or platinum chloride containing io mg- of the metal was 
carefully neutralized with sodium carbonate and to the solution a known 
amount of gum arabic was added in the form of a solution containing one 
mg. per cc.; the salt was subsequently reduced witn hvdroxylamine pre¬ 
pared from hydroxylatnine sulfate. To the protected sol 10 cc of a solu¬ 
tion of the sodium salt of phenyl-propiohc add was added, the salt being 
prepared from the pure acid and the solution containing 14 8 g. per liter 
of the acid. The mixture of protected sol and sodium phenylpropiolate 
was then run into an Erlenmeyer Cask and shaken continuously in an 
atmosphere of hydrogen, prepared by electrolysis of a solution of sodium 
hydroxide and from which all traces of oxygen had been carefully removed. 
The rate of absorption of the hydrogen was measured by the rate of flow 
of water from a buret into a small Erlenmeyer flask con net ted with the ab¬ 
sorption vessel and a manometer The experiments were conducted 
at 15 0 and a blank run of 4 horns duration indicated that the rate of diffu¬ 
sion of the hydrogen through the flexible rubber connection was negligible. 
The rates of absorption with various amounts of gum arabic as protective 
colloid are indicated in the following curves, each representing the mean of 
3 experiments. As typical of one determination the following may be 
cited: 

Catalyst, 10 mg Palladium Protected with 2 mg. of Gum Arabic Temp. 15* 
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It will be noted that there is an optimum concentration of gum arabic 
for each catalyst, 2 mg. per 10 mg for palladium and for the like amount 
of platinum 4 mg. is required; since the atomic weight of platinum is 
practically twice that of palladium this latter metal is peptized 4 times 
as easily as the former. It seems probable however that the phenylpro- 



Fig i. 

r - mg of gum arabic per ro mg. of metal. 


piolic acid assisted in the peptizing of the colloid, since, when only small 
concentrations of gtun arabic were employed, the sol would usually floccu¬ 
late toward the end of the run, an indication that the unsaturated add 
took part in the peptization but that the saturated add was less active 
in this respect, an hypothesis in accord with the accepted views on the 
chemical nature of adsorption phenomena. 

Influence of Promoters. 

It has Ions been known that the addition of small quantities of similar 
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pc*, so-called promote- action there is as yet no adequate explanation 
and the study of the phenomenon has been confined chiefly to massive 
catalysts It was, therefore, thought of interest to investigate the mutual 
effect of 2 somewhat similar substances platinum and palladium when 
reduced together in the sol form. 

A series of r uns was made in which 10 mg. of the mixed metals in various 
proportions were precipitated together in the sol form. As stabilizing 
colloid 3 mg. of gum arabic was employed, this concentration permitting 
each metal in the pure state to exert almost its maximum activity. The 
results of these experiments are depicted in Fig. 2. 



Fig. 2. 


It was noted in all cases where the sol was prepared from the mixed 
metals, especially from platinum containing small quantities of 
that there was a very marked improvement in stability and resistance to 
age over those prepared from the pure salts. This suggests the hypothesis 

that nromoters mav in nart __, , „ .. . 
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catalysts, or lor catalysts which pass through a colloidal stage at some 
point in their preparation. 

For this reaction there is a steady increase in the catalytic activity of 
platinum sol on the addition of small quantities of palladium until a con¬ 
centration by weight of 9.8 mg. of platinum to 0.2 mg. of palladium is 
readied. At this point it would appear that there is a slight decrease in 
activity until a ratio of 9 mg. of platinum to one mg. of palladium is reached 
followed by a rise to the ratio 5 mg. to 5 mg. which appears to be a maxi¬ 
mum, the activity then slightly sinking for pure palladium. These latter 
differences are, however, so slight as to be within the region of experi¬ 
mental error, since such factors as the partial or complete removal of 
the carbon dioxide resulting from the neutralization of the acid chloride 
by means of sodium carbonate, the temperature of reduction and the age 
of the sol, all exert by no means inappreciable effects on the catalytic 
activity. It is evident, however, that a mixed sol containing about 
9.8 mg. of platinum to 0.2 mg. of palladium (atomic ratio 26 to 1) is prac¬ 
tically as active as a pure palladium sol in the hydrogenation of phenyl- 
propiolic acid. 

The curves obtained in the first 2 series of experiments represent the 
combined effects of 2 reactions, the absorption of hydrogen by the metal 
and the hydrogenation of the acid. The experiments of Paal and Gerum 1 
indicated that the precipitated sol protected with sodium protalbate and 
brought into the sol form again with a trace of alkali took up relatively 
small quantities of hydrogen, the figures obtained approximating to the 
composition PdH for palladium black to Pd(H)i for the protected sol 
under a pressure of one atmosphere of hydrogen. Experiments with the 
sols of palladium and platinum protected with small quantities of gum 
arabic, and which had not been precipitated and repeptized indicated that 
under these conditions very much larger quantities of hydrogen could be 
taken up: thus a mixture of 9 mg of platinum and one mg. of palladium 
prepared by direct reduction in the presence of 3 mg. of gum arabic ab¬ 
sorbed 80 ec. while 5 mg of platinum and 5 mg. of palladium absorbed 
106 cc. of hydrogen, equivalent to the formation of the hypothetical 
compounds Pd(Hi)« and Pt(H t )« under one atmosphere pressure. (A 
large excess erf hydroxylamine was not used in the precipitation erf the 
sola.) It is interesting to note that the atomic absorption erf both platinum 
and palladium under these conditions is identical. 

A number erf experiments in which the hydrogen absorption curves were 
obtained first for the metal sol and then for the hydrogenation of the sodium 
phenyl-propiolate which was subsequently added to the hydrogenated 
sol indicated that the hydrogenation of the serf took place relatively quickly 
and at the same speed for both platinum and oaHadinm wWi® 
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qaent hydrogenation of the unsaturated acid proceeded rapidly in the 
case of palladium and but slowly in the presence of platinum, as is instanced 


by the following figures. 
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It will be noted that all the curves are of the same type, linear over 
a great part of their course approaching logarithmic towards the end. This 
type of curve appears to be general for a large number of colloidal catalytic 
processes Bredig and von Bernick and Groh 1 found in the decomposition 
of hydrogen peroxide with colloidal platinum, both unprotected and pro¬ 
tected that the family of decomposition-time curves obtained could be 
represented by the relationship dx/dt — K(a — x) where a is the initial 
and * the concentration of peroxide at a time t. This expression bolds 
for a monomolecular chemical reaction or for a process in which diffusion 
is operative. That the diffusion is an important factor is seen from the work 
of Groh who found that the K values lessened with progressive addition 
of gelatin to the platinum sol, but showed, however, the usual irregularities 
noted above. Paul's values for toe hydrogenation of dmnwio acid* 

» Z, phys. Chem , 88 , 414 ( 1914 ). 

' her ., 41,1276 (1908). 
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in a constant pressure hydrogen atmosphere also show a general approxi¬ 
mation to a curve of the above type, while if his values for the combination 
of hydrogen and ethylene (equal volumes) in the presence of colloidal 
platinum and palladium 1 be plotted, it will be found that the curve, in 
the case of a fresh palladium sol, approximates to a bimolecular reaction, 
and with platinum between a hi- and a monomolecular reaction. 

F. Armstrong and Hilditch* found that the absorption time curves for 
the hydrogenation of various unsaturated glycerides in the presence of 
colloidal nickel, were nearly linear and showed distinct curvature only 
when saturation was nearly completed. These observers came to the 
conclusion that a great part of the absorption curve could be represented 
by the expression dx/dt *» K and inferred that a nickel oleate adsorption 
complex of constant active mass was formed, the observed rate of reaction 
being that of the less reactive hydrogen under constant pressure reacting 
with the complex; the subsequent falling off in tbe rate being due to the 
interference by the saturated glyceride formed in the process The fol¬ 
lowing figures indicated a few of the values of K as calculated from the 
expression dx/dt — K (a — x) for the hydrogenation of phenylpfopiolic 
acid. 
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It would appear from an analysis of these various examples that the 
rate of chemical reaction at the protected colloid surface is not governed 
bo much by the formation of a colloid-reactant complex to which the other 
‘ reactant difuses and reacts with it but primarily by the rate of difusion 
of both of the reactants to the colloid surface, thus in the case of the de- 
v composition of hydrogen peroxide or in the various hydrogenating reac¬ 
tions under constant hydrogen pressure the reactions approximate to a 
monomolecular chemical reaction in form, being in reality a diffusion proc¬ 
ess. In the ethylene hydrogen reaction, where the reaction is governed 
by the rate of diffusion both reactants a pseudochemical bimokcular 

* B*r., 48* 994 (i»i 5 ); 4 a. **39 (1909). 

* Pm. Key. See., 96A, ij? (1919) 
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i*acfa|Ht results. The values of K, the reaction velocity coefficient or the 
diffusion -coefficient can, however, be made extremely small by coating 
the colloid with a relatively thirV layer of protective colloid. 1 by using as 
reaction medium a very viscous substance having a low diffusion coefficient 
such as oil, or by employing reactants which diffuse very slowly. 

For values erf K the alteration in the reaction velocity dx/dt with 
the alteration in the concentration of the reactant in the environment 
(a — x) will be inappreciable, and the curves will degenerate into the 
limiting form dx/di =» K over a very considerable range of their existence. 
This phenomenon is likewise noted with old colloidal sols where the active 
surface is presumably well coated. A progressive deterioration in the 
type of curve is noted in the following cases, hydrogen peroxide, ethylene, 
cinnamic add, phenylpropiolic add and glyceryl oleate, coinciding with 
a decrease in the value of the diffusion coeffidents. 

The values of K obtained in this manner are, however, only very approxi¬ 
mate, since there may ensue an alteration in the effective surface of the 
catalyst during the reaction, either an increase* due to continued peptiza¬ 
tion of the colloid during the reaction or more generally a decrease, as 
noted in a variety of reactions. This decrease is in part due to the pres¬ 
ence of the products of the reaction lowering the rate of diffusion of the 
reactants to the surface* but it may also be due to the products of the re¬ 
action becoming absorbed to the surface of the catalyst as suggested by 
Langmuir, and thus decreasing the effective catalytic area. It is, however, 
to be expected, that the form of curves obtained may be interpreted on 
either of these hypotheses with equal facility. 


Summary. 

The effect of a protective colloid on the reaction velocity of a hydrogena¬ 
tion process in the presence of colloidal platinum and palladium has been 
studied and the results lead to the conclusion that tire protective colloid 
functions as a peptizing agent, in agreement with Bancroft’s hypothesis. 

The addition of a small quantity of a palladium sol to a platinum sol 
greatly enhances is activity, and it is suggested that promoter action may 
in part be due to peptization. 

The mechanism of catalytic actions in the presence of colloidal metal 
appears to conform rather to the diffusion hypothesis than to the colloid 
reactant complex theory. Abnormalities are equally explicable on the 
single layer theory as on the view that the retardation of diffusion is caused 
by the products of the reaction. 

Ukbana, III. 


* See Groh, lac cU. t and Fig. 

*Expt. i; and Grob, he. cil. 

• Armstrong and Hilditch, foe. tU.; Fink, 
Ofclmsr on the oxidation of CO. 


cm the oxidation of 80 j; Bodeaxteiaaad 
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- POTASSIUM CHLORATE AS A STANDARDIZING SUBSTANCE 
FOR SOLUTIONS OF ALKALI. 1 

By H. B. VanValcenbuyoh. 

R«cdv«d February II, 1920 . 

Introduction. 

Many substances have been proposed for the standardization of a solu¬ 
tion of an alkali. Glaser 1 mentions, among others, oxalic add, potassium 
tetroxalate, potassium hydrogen tartrate and potassium hydrogen iodate. 
Except oxalic add these substances are not well suited for this purpose, 
since they cannot be prepared in a state of purity so that it is certain that 
their actual composition agrees with their theoretical composition. Po¬ 
tassium hydrogen tartrate contains impurities and does not give strictly 
accurate results. Potassium hydrogen iodate contains no water of crys¬ 
tallization, but it must be carefully examined qualitatively for chlorides, 
chlorates, free chlorine and hydrogen chloride before it can be used; also 
it is not a common salt. Phelps and Weed* proposed the use of certain 
organic adds and anhydrides—benzoic, malonic, succinic and phthalic 
adds and succinic and phthalic anhydrides An objection to the use of 
organic adds is that some of them are only slightly soluble, which neces¬ 
sitates the use of somewhat bulky solutions. Furthermore, the results ob¬ 
tained by Phelps and Weed were not concordant. For example, with suc¬ 
cinic add the mean of io determinations differs as much as 15% from the 
theoretical value, while with phthalic and benzoic adds there is a differ¬ 
ence of 12% and 16%, respectively, between the experimental and theore¬ 
tical values. All of these results were higher than the theoretical value. 

The Method. 

A method which would be free from the objections to the various sub¬ 
stances heretofore proposed, and yet give accurate and dependable results, 
would be desirable. This paper deals with a method proposed by Prof. 
C. G. Carroll (now deceased) and the work was carried out under his di¬ 
rection. The method is the reduction of potassium chlorate with sulfur 
dioxide and the standardization of the alkali with the definite amount of 
sulfuric add thus formed. The equation which expresses the reaction 
' may be written, 3SO1+ KClOj + 3FUO - 3H*SO« + KC 1 . It will be 
seen that the method is a very simple one and that there are many ad¬ 
vantages in its favor. Potassium chlorate can be obtained sufficiently 
pure by recrystallization, it contains no water of crystallization, it can be 
easily freed from any moisture without altering its composition, and only 

1 An abstract of part of a thesis submitted to the Graduate School of the tW- 
veroty of Arkansas in partial fulfillment of the requirement far the Degree of Master 
of Science. 

* "lndkatoren dcr Addimetrie and Alkahmetrie," 1909. 

* Z. merr. Omd*.. sv, 114 (1908). 
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i/snall amount is necessary for one titration—from 0.6 to 0,9 g. for a, 
normal solution. 

The potassium chlorate used was dried for 6 hours at 170° and kept in 
a desiccator over phosphorus pentoxide, but the results obtained (Table 
III) seem to indicate that not all of the moisture had been driven off, 
so that in further work the salt was healed for 4 to 6 hours at 240 0 and more 
uniform results were obtained (Table IV) Stas had used potassium chlo¬ 
rate in determining the KC 10 3 :KC 1 ratio He fused the chlorate in order 
to free it from moisture, assuming that at the fusion temperature (357 °) 
the salt undergoes no decomposition But Staliler' found that when small 
quantities of potassium chlorate are fused rapidly, slight decomposition 
takes place, one g. losing about 0.02 mg. of oxygen; and when larger quanti¬ 
ties (10 to 12 g.) are fused the loss is more considerable, about 0.4 mg. of 
chloride being formed for each g. of clilorate. The conclusion of Stahl er 
is confirmed by the author's work, as shown m Table V 

Description of the Process. 

Portions of the chlorate which had been previously dried, were weighed 
out and placed in 375 cc. Erlenmeyer flasks, 200 ec. water added, the solu¬ 
tion boiled for 10 minutes, and a rather vigorous strain! of sulfur dioxide 
passed into the boiling solution until all the chlorate was reduced. The 
excess of sulfur dioxide was then boiled off and the solution titrated, either 
hot or cold, against the alkali which was to be standardized. Phcnol- 
phthalein was used as indicator 

The solution was first boiled to expel all absorbed air and kept boiling 
to protect it from the air and thus prevent oxidation of any escaping sulfur 
dioxide. Various devices were used to insure against loss while boiling 
and the most satisfactory scheme was to boil the solution in unstoppered 
Erlenmeyer flasks. It was found that with samples not greater than one 
g. of chlorate, 30 minutes was long enough to reduce all the chlorate; it 
was also found that in some cases 20 minutes was not sufficient time to do 
this, so the gas was always passed in for 30 minutes. From 5 to 10 minutes 
was sufficient time to boil off the excess of sulfur dioxide. The sulfur di¬ 
oxide was prepared by allowing cone, sulfuric acid to drop on to sodium 
hydrogen sulfite. The gas was allowed to run 5 minutes before being passed 
into the solution so as to free the apparatus from air 

Experimental. 

An approximately normal solution of hydrochloric add was made up 
and its strength determined by titrating against sodium carbonate pre¬ 
pared from the oxalate by slow and careful heating. The boating was 
tore in platinum crudbles which were placed in beakers for the titra¬ 
tion. A slight excess of add was run in, the solution boiled to expel 
l Z. oiwrg. Chm.. 71, 368 (1911) 
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carbon dioxide, and the excess acid determined by titrating back with sodium 
hydroxide whose relative strength was known. Phenolphtkalein was 
used as indicator. The results are shown in Table I. 


1 

z 

i 


Tabt.b I 

Stan da rdi rati mi of HCI Against NajCO» (from Na,CjOi) 


Oxalate Acid required Normality 

G Cc of add. 

I 4472 21 24 I 0165 

1 S376 26 96 I .0169 

2 1049 18 85 1 -016.5 

Mean normality, 1 cittt 

Mean difference, o otCi 


Ail approximately normal solution of sodium hydroxide was prepared 
according to the method recommended by Cowles 1 and the relative strength 
of this solution determined by titrating against the standard add, the 
solution being protected from the air by soda-lime tubes. The results are 
given in Table II 

Table II. 

Standardization of NaOH Against Standard HCI. 
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Normality of NaOH. 

i 06263 




The sodium hydroxide solution was then standardized against potassium 
chlorate with the results given in Table III. 

Tabus III. 

Standardization of NaOH Against KClOi (dried at 170°). 



Chlorate u*rd 

G 

NaOH required 

Cc 

Normality 
at NaOH. 

l .. 

. ... 0 96895 

44 58 

! 06398 

i 

. I 3*59 

60 62 

1.0626 

3 . 

. O 6918 

31 86 

».o 6 jo 

4- 

Mean normality of NaOH. 
Normality against acid, 
Difference, 

37 3' 

1 06340 

1.06263 

O 08 % 

1.06405 


It will be seen that the results given in Table III are slightly higher 
than those obtained against the add. It was thought that this was due 
to the chlorate not having been entirely freed from moisture. To test 
1 Tin* JotntNAL. jo, 1192 (190*) 
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Qflg, the sample of chlorate used was heated for 4 hours at 240®, coded, 
weighted oat, re duced and titrated against the alkali solution, with the re¬ 
sults as given in Table IV. 

Table IV. 

Standardization of NbOH Against KCIOi (dried at 240 ). 


Chlorate tued. 

a. 

NaOH required. 

Cc. 

Normality 
o< N» 0 U. 

0.8117 

37 41 

1.0625 

0.8085 

37 *J 

I.06225 

0.6750 

31085 

1.0630 

. 0 . 509 X 

23 465 

1.0624 

0.8970 

41.303 

1.0628 

0 . 7 JI 2 

23 78 

1.0624 


Mean normality of NaOH, 1.06235 
Normality against acid, 1.06263 
Difference, 0.008% 

To see what effect fusing the chlorate would have upon tlie results, 
about 5 g. of the dried salt was placed in a quartz crucible and quickly 
fused, the operation requiring about a minute. Portions of this salt were 
then used to determine the normality of the alkali solution. 

Table V. 

Standardization of NaOH Against KCIOi (fused). 

Chlorate ured. NeOH required Normality 

O. Cc ol NaOH. 

O.680I 31285 1.0642 

0.7437 34 21 J « 064 1 

Mean normality of NaOH, 1.06415 
Normality against acid, 1 06263 

Difference, o 16% 

It will be seen that the results are over 0.1% higher than the normality 
obtained by titrating against acid or dried but not fused salt. This may 
be accounted for by the fact that a small quantity of chloride was formed 
during fusion, which would cause the normality to be higher. The fused 
salt gave a distinct opalescence with silver nitrate, considerably more than 
did the salt which had been heated for 4 hours at 240 6 . Thus Stfihlei's 
results are confirmed. 

Summary. 

x. Solutions of alkali can be standardized against potassium chlorate 
with uniform results which agree closely with those obtained by s tand - 
ardizing against standard add. 

2. Potassium chlorate of suffident purity fear standardization can be 
prepored from the ordinary c. f. salt by rccrystallization. 

3 * The best results are obtained by (1) drying the chlorate for 4 to 6 
boure at 240°, (2) boding the solution in an open Erlenmeyer flaak, and 
(3) pa s sing sulfur dioxide into the boiling solution lor 30 min utes 
Booumk. Colo. 
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STUDIES ON SOLUBILITY. I. THE SOLUBILITY OF SALTS IN 
SALT SOLUTIONS. 

By J. N. Brpnstbd. 
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I. Introduction. 

The fundamental principles for the treatment of the solubility equi¬ 
libria in salt solutions have been pointed out in the well known works of 
van’t Hoff and Reicher, 1 W. Nemst* and Arthur A. Noves.* By these 
investigations it has been shown that the important conception of the 
solubility product is able to represent the solubility phenomena in ac¬ 
cordance with the van’t Hoff theory of dilute solutions and the Arrhenius 
theory of the electrolytic dissociation of salts. Indications, however, 
are found even in these first papers of the fact that the assumption of the 
constancy of the solubility product, made in the quoted papers and after¬ 
wards admitted as a general rule, can account only approximately for the 
experimental results. 

Further investigations by Arrhenius* and by Stieglitz* showed the con¬ 
centration of the un-ionized portion of the saturating salt was not even 
approximately constant as required by the theory' of solutions, this con¬ 
centration decreasing rapidly with increasing concentration of another 
salt having an ion in common with the saturating salt. 

Much work on the solubility of salts has since been carried out, of which 
notably the important investigations of Noyes and his co-workers? deserve 
special mention. Through this elaborate work experimental results 
have been obtained corroborating the view of Arrhenius mentioned above, 
and showing, furthermore, that the solubility product in mixed salt solu¬ 
tions rise considerably with increasing concentration. 

To obtain these results the authors apply the method depending on 
the electric conductance of the solutions, assuming the conductance ratio 
to be an accurate measure of ionization in pure salt solutions. By intro¬ 
ducing the Arrhenius theory of the isohydric solution, and the empirical 
law which has been found to express the change of the ionization of single 
salts, an expression is reached which is assumed to govern the equilibria 
occurring in the mixed saturated solutions. 

The results obtained in this way are dependent on the precision of the 
fundamental assumption, that the conductance ratio is an accurate 

‘ Z. phyt. Ch*m. t 3, 48a (1889). 

•Ibid., 4, 379 (1889). 

• Ibid., 6 , 941 (1890). 

•Ibid., jr, 994 (1899). 

• Tw* Journal, jo, 946 (1908). 

• Ibid ,, 33,1645,1807 (1911), 
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>m£MiSure of the degree of dissociation. There has been much discussion 
respecting the value of this assumption, and we are justified at least in 
expsidermg it as highly doubtful, 1 since the underlying presupposition 
fiat the mobility of the ions is constant is known to be incorrect. Also 
for other reasons we cannot adopt the conductance method as fitted to 
account for the constitutions of salt solutions, as will appear from an in¬ 
spection of the solubility data. It may be stated, for instance, that even 
when a decrease in the concentration of the un-ionized portion by' addi¬ 
tion of another salt is to be expected, irom the familiar phenomenon 
known as the “salting out” effect, this decrease as calculated in the cited 
papers proves to be of quite a different order of magnitude than in the 
case of a non-electrolyte. Thus a o 05 M potassium nitrate solution, 
possessing a salting out effect of less than i ( ' u towards non-electrolytes, 
exhibits au effect more than 30 times as great in the case of un dissociated 
thallous chloride, computed on the basis of the conductance method. 
Furthermore, a satisfactory explanation of the increasing solubility found 
in man y cases in salts on the addition of other homoionic salts can hardly 
be afforded by this point of \ lew. Attention is called by Noyes and Bray 1 
to the peculiar behavior of a moderately soluble uni-bivalent salt on addi¬ 
tion of a salt with a common bivalent ion. This phenomenon also cannot 
easily be understood from the standpoint of the ordinary theory. We are 
justified in consideration of all these discrepancies, in concluding that the 
conductance method affords no serviceable basis for a theory of solubility. 
It seems desirable, therefore, to attempt an interpretation of these phe¬ 
nomena from quite a different point of view. 

The attempt at a new treatment of the solubility problem contained in 
the present paper makes no pretence of explaining all the peculiar charac¬ 
teristics of the various solubility curves. It is intended only to show 
that the multiplicity of types of curves found with hetero- as well as homo- 
ionic solvents can be accounted for in a simple way and on a thermo¬ 
dynamic basis by introducing an assumption at any rate approximately 
true for mixed salt solutions. 

Owing to the preliminary nature of this paper an account of the consid¬ 
erable experimental material which has been secured in this laboratory to 
test the general scope of the new points of view will be postponed for later 
publication. Only a small number of experiments will be cited in the 
following sections of this article to elucidate some particularly important 
conclusions. A more rigorous theoretical treatment of the problem will 
likewise appear in a subsequent part of this work. 

‘See G. N. Lewi., This Journal., 34, ,631 (19,3); p. Hem, Ann. Phytik., U 1 
37,1 (1913). 

‘ This Jotonai,, 33,1643 {1908) 
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2. Thermodynamic Functions Applicable to Solutions. 

The thermodynamic properties of a dissolved substance can be ex¬ 
pressed by means of the chemical potential v, this quantity, assuming the 
validity of the simple gas laws, being given by 

jr = RT In c + i c (1) 

for one mol of the solute, where c is the concentration or number of mob 
of the solute per liter, and i e is a constant for the same solvent. 

if the gas laws do not hold for the solution, this equation may be re¬ 
placed by 

r = RT In 4 - %c (2) 

where f, denotes the activity of the solute, a conception introduced by 
G. N Lewis' and conveniently defined by this very equation. 

The absolute value of the activity is not determined by (a) and bas 
commonly no significance. It may be established by definition by putting 
{ £ •» c of the substance in the pure gaseous state at infinite dilution. For 
our purpose, however, it may be more suitable to put £ t * c for the sub¬ 
stance at infinite dilution in the solvent used. As a more complete defini¬ 
tion of the activity we then have 

r-r aB RT In (3) 

C 00 

where 1* and c w indicate the chemical potential and the concentration 
of the substance at infinite dilution in the solvent concerned. 

The ratio of the activity to the concentration: 

- = / ( 4 ) 

is called the aclmiy coefficient . 3 The value of this is constant when Equa¬ 
tion 1 holds good, but otherwise varies with varying concentration. When 
£< is given by (3) the said constant value will be unity. 

While the alteration is & by changing concentration, as seen from 
Equations 2 and 3, is a merely experimental quantity, no hypothesis 
whatever being involved in its theoretical determination, the values of 
the alterations in c, however, will usually depend upon the method em¬ 
ployed for its computation. This uncertainty of course also affects the 
activity coefficient. Different values must be attributed to /, depending 
on the method employed for the determination of c. 

This uncertainty wifi be removed by introducing for c the stoichio- 
metrically determined concentration of the dissolved substance instead 
of the “true” concentration The activity coefficient thereby becomes 
a thermodynamic quantity like the activity itself. Defined in this way 
it may be suitably termed the stovckioowtric activity coefficient. 

• Pm. Am. Acad., 43, *39 (1907). 

* Noyta and Bray. Tail Iou*uai_ m. i&*a 
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prom the nature of Equation i it appears that we need not n e cessa ri ly 
eafday the c- scal e to express the concentration in this equation. By 
substituting x or the mol fraction for c we obtain 

t = RT In x + «* ( 5 ) 


analogous to (i) and 


x = RT In £* 4 - 


( 6 ) 


anal ogous to (a). Instead of (3) and (4) we may write 


RT In ^ 2 - 

*CO 


and 

i* = /. (8) 

x 

The activities & and £, are capable of representing the thermodynamic 
properties of the solution equally well. On dividing by the corresponding 
concentrations c and x, the same activity coefficient / will result. As in 
the case of applying the c-scale we have also here to distinguish between 
the true and the stoichiometric activity coefficient. 

An equation of the same significance for dilute solutions as (1) and (5) 
is arrived at by expressing the chemical potential oi the solvent as a func¬ 
tion of the concentration. If by and r 0 o are indicated the chemical 
potentials of one mol of the solvent at the concentration x and at infinite 
dilution, respectively, we have for dilute solutions if the gas laws hold 
good 

Vo — Too = — RT X. (9) 

The magnitudes of v and x depend cm the molal weights M„ and M, 
attributed to the solvent and the solute, respectively. As to M 0 this may, 
strictly speaking, be chosen arbitrarily but is most conveniently taken as 
equal to the formula weight of the substance. By fixing M 0 we shall 
find that the value of M is also determined according to Equation 9. 
The gas laws being valid for the solution means precisely that M, derived 
in this way from (9), retains a constant value when the concentration 
changes. 

If the gas laws are not valid, (9) must be replaced by 

Vo Too = — RT 1), (jo) 

holding for the solution irrespective of its concentration, t), may be 
termed the osmotic concentration and is, like {, a merely thermodynamic 
quantity. Putting 



this ratio called the osmotic coefficient 1 proves to be a thermodynamic 
quantity also when x is the stoichiometric concentration calculated from 
1 Bjemita, Z. Elektrockm., 14, 321 {1918}. 
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the above values of M and M 0 . Accordingly we have in this case also to 
distinguish between the true and the stoicliiometric coefficient. 

Expressing the concentration in the e-scale, (10) and (n) are replaced 


by the corresponding formulas 




(*c — 

\ C 

^0) « 

X 

—RTc 

<«) 

and 




(ir 0 — 

, C _ 

T ooj — — * 
X 

-RT Ve . 

(13) 

Furthermore, we obtain 





« v . 

C 


(* 4 > 


By the equations above a series of functions, £ x , ij £ , / and <r> are 
introduced for the purpose of thermodynamic treatment of solutions. Of 
course, the introduction of these quantities affords no actual progress in 
the treatment in comparison with the application of the chemical potential 
or the affinity. AH these quantities are correlated thermodynamically 
and are thermodynamically of the same worth, and only for the sate of 
convenience or brevity is one of them pcrferable to another. It will be 
found, however, as is especially pointed out by Bjerrum, 1 that in the case 
of dilute salt solutions, which we are to consider in the following, 
the activity coefficient and the osmotic coefficient will prove to be of pecu¬ 
liar value for the theoretical treatment. 

The correlations between the functions introduced may be deduced by 
means of the fundamental equation of W. Gibbs: 

xdr -f dr 0 «= o (15) 

which holds for dilute solutions; the same equation that in the form 

<1A\ . . - . dA t 


has proved of value in affinity determinations. Introducing here (a), 
(6), (to) and (13), we obtain the equation 

x d In £, = x d In = dy t = * dy, (16) 

which expresses the relation between the activities and the osmotic con¬ 
centrations. 

If more than one substance is present in dilute solution in the solvent, 
we have to apply the more general formula 

xjd»i 4 - + ... + ** o (17) 

from which we obtain 

- Z: } <■*> 

*i#e. cat. 
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By insertion of (4), (8), (11) and (14). Equation 18 gives us 




dtp 
x —— 
dx 

(1- 

<p) 

and 






T dln/i 
~ Cl do = 

dip 

C dc 

(« ~ 

<p) 

where 






ZXi = x 

and £ci 

** C. 



(19) 

(*o) 


Putting n = x, = =0, Equation 20 is tranformed into the equa¬ 

tion given by Bjemim 1 and valid for binary mixtures. 

As we are to deal here with solutions containing two or more salts for 
the purpose of determining the solubility equilibrium, Equations 18-20 
may be of special importance. 

3. The Theory of the Solubility of Salts in Salt Solutions. 

In a saturated solution of a binary- salt the chemical potential of the 
saturating salt must possess a constant value equal to the sum of the chem¬ 
ical potentials of its ions. Denoting by t, r’ and the potential of the 
salt, the cation and the anion, respectively, we have 

t = %' -f x' = constant (21) 

or according to (2) 

«= k (22) 

which shows the activity product to be constant in a saturated solution. 
Inserting the activity coefficient by means of (4) we obtain 

c’c'f'f - k. (23) 


As in this equation c indicates the molal concentration, j must be the 
stoichiometric activity coefficient. The alteration of / in the case of addi¬ 
tion of another salt must cause the product e'e" — the stoichiometric 
solubility product —also to change with the concentration of the added 
salt, and this change will depend solely upon the alteration in /. The 
laws according to which the alteration in / takes place must, therefore, 
also govern the changing solubility product resulting from the addition 
of extraneous salts. 

We shall now, for the further treatment of the problem, introduce the 
hypothesis referred to in the introduction. We shall assume that the ac¬ 
tivity coefficient in a mixed salt solution is the same for any ion of the 
same type As will appear from the following, this nwi/mptinn will 
markedly simplify the problem before us. Then, since we are only deal¬ 
ing with comparatively sparingly soluble salts, the saturated solution will 
be either so dilute as to annul, at least approximately, the individual 
diameter of any salt, or it will consist nearly completely of the solvent 
* Uc. at. 
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alone. It will be possible, therefore, to calculate the activity coefficient 
by considering only the properties of solutions of single salts. 

It is necessary to emphasize, however, the approximative and provisional 
nature of the above hypothesis It is introduced here to show only that 
the general features of the solubility curves may be accounted for on a 
thermodynamic basis by its means without further assumptions as to the 
constitution of the solutions, and especially without regard to the degree 
of dissociation, contingently occurring m the solutions, and hitherto in¬ 
troduced for the treatment of saturated solutions by means of the con¬ 
ductance ratio. 

For the calculation of the activity coefficients we can use the results 
of Noyes and Falk, 1 who have shown that the freezing point data for a 
number of binary salts can be expressed by the equation 

1 — i = K\'c, (14) 

where 1 is the van’t Hoff factor, c the equivalent concentration, and K a 
constant characteristic of each salt. Introducing 2a = K, (24) may be 
written 

v = 1 — a\/~L (25) 

from which we obtain, by means of (20) and (17) 

logio/ " —11 nr ” —flv'V. (26) 

If this value be inserted in (23), we have, according to our assumption, 
log (c-V*) — 20v'c, -f const. (27) 

e, denoting the total salt concentration in the saturated solution given 
by C| *= c + s. 

Properly speaking, on the above assumption this relation (27) will 
hold good only if the solubility is slight when compared with the concen¬ 
tration of the solvent Since the values of K, as shown by Noyes and 
Falk, vary only moderately within the range of salts of the same type, 
and since the presupposition made by assuming the / values to be equal 
is only of approximate nature, no essential restriction in the applicability 
of (27) will result if the requirement above as to the solubility is dispensed 
With. 

In the case of uni-univalent salts the coefficient a as computed from the 
data of Noyes and Falk proves to oscillate around a value not far from 
*/»- This figure may, therefore, be accepted as an average value and intro¬ 
duced in (27) to express the solubility m this case If the valences of the 
ions are higher than unity, a will increase considerably 

From the freezing point data a value for a may be derived which fen bi- 
bivalent salts is approximately 4 times the a value for uni-univalent 
salts. This is in concordance with theoretical considerations which 
render it likely that the a values increase proportionately to the square 
* Twa Jooxnal, ji, ion (1910! 
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of the valence. In the case of bi-bivalent and tri-trivalent salts the 
values a — 4 /« and 0 = 3, respectively, may be adopted to express the 
solubility of such salts when introduced in (27). 

For the application of this formula we have to distinguish between the 
cases of the solvent having one ion or none in common with the saturating 
salt. We may firstly consider the case when a heteroionic solvent is 
used. 

4. Heteroionic Solvents. 

In this case c' and c" in Equation 27 are equal to the solubility or 



log s *= a-Vc, + const. 

(28} 

Introducing here 


log So « a^so + const. 

(19) 

we obtain 


log — = a{\Zc t — v / so\ 

Sq 

(30) 


By means of this relation the solubility ratio s/s a can be calculated for 
varying values of s 0 , c, and the coefficient a. The results of this calcula¬ 
tion are given in Tables I—III and are represented diagrammatically in 
Figs. 1 to 5. 

In all these diagrams the abscissas represent the molal concentrations 
of the solvent employed, and the ordinates the solubility ratios s/s„. 
The solubility s 0 being assumed to be negligible in the case represented 
in Fig. i, tliis diagram shows only the influence of the a-value, e., the 
influence of the valence. This influence is seen to be exceedingly marked. 
While the solubility of an uni-univalent salt is only moderately affected 
by addition of a tenth molal solvent, the effect in the case of a bi-bivalent 
one is very considerable, and in the case of a tri-trivalent one enormous. 


Tabis I.—The Solubility Ratio s/s, roa a - 
Heteroionic Solvent. 


c. 

1,-0. 

10-*. 

O.OOI 

1.0S0 

1.045 

0.01 

1.180 

1.139 

0.03 

1 . 23 * 

1.189 

0.05 

1.327 

1.281 

0.1 

I.428 

1.378 


10”*. 

!»-•. 

!&->. 

1 .020 

1.006 

I .OOl 

1.100 

»-«HS 

j.oii 

r .146 

1.078 

r 02 3 

1.23a 

1.148 

1058 

*• 3*3 

1.238 

1. JOJ 


Table II.—Tbs Souratur* Ratio s/s, ro* a m •/, 
Heterokmic Solvent. 


e . 

s c " 0. 

10~«. 

O.OOI 

« 359 

1*193 

O.OI 

1937 

1.687 

0.02 

* 3 or 

a,001 

0.05 

3 099 

*•693 

0.1 

4 - >57 

3.611 


10-» 

!0“». 

16 -*, 

1.081 

1 . 03 ? 

1.009 

>471 

1.333 

1.084 

>■733 

>•395 

1.370 

3.319 

>.808 

>•405 

3104 

* 3«4 

•* 7*4 
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Tab lb III.— Thb Solubility Ratio s/s, ton a - 3. 
Heteroionic Solvent. 



c. 

1, -0. 


iO->. 



o.oox 

>•995 


I 496 



0.01 

4-43 


3 27 



0.03 

6 J2 


4 80 



0.05 

12.74 


9 4 ° 



0.1 

24.69 


18.27 

* 

It ■* 

Q 001 


0.002 


0 . 005 . 

c 


C 


C 


0 0008 

x. 196 

* . 

.. 


. V . 

0.00337 

I 633 

0.00227 

1.365 

. . . 


0 0077B 

2 22 

O 00629 

1856 

O 00330 

I 3 &> 

0.01673 

3 37 

O 01454 

2 731 

O 00999 

2.002 

0 04361 

6 37 

0.03933 

5-337 

0.03045 

3.910 

0 08762 

13 38 

O 07932 

10 34 

0.0621 

7 578 

, o _ 

001 


002. 


o.os. 

c 


£. 


C. 


0 005J 

1 47 




... 

0 0107 

I 93 

O 0038 

* .31 


... 

0 0160 

2 40 

O 0074 

163 


. .. 

O 0213 

2 87 

0 or 10 

* 95 

. . . 

. . . 

0 0267 

3 37 

0 0142 

2 29 

O 0015 

1.17 

0 0310 

3 90 

0 0172 

2 64 

O 0025 

*.35 

0 0358 

4 42 

0 0*98 

3 01 

O 0030 

*•54 

0 0443 

5 57 

0 0343 

3 79 

O 0031 

* 94 


The influence of the solubility s c is shown m Fig. 2 for uni-univalent 
salts. The smaller the solubility the more pronounced, obviously, is the 
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no 


eSect of the added salt, The same is seen to be the case when we con¬ 
sider bi-bivalent salts. With the greater solubilities the curves approach 
straight lines, while the curvature is very marked in the case of slight 
Solubilities. 

For tri-trivalent salts the results are plotted in Figs. 3, 4 and 5. It will 
be observed that the influence of s a on the shape and the slope of the curves 
is similar to that in the foregoing cases only until the solubility =* 0.02 
molal. At this concentration the effect exhibits a minimum, and at 



higher solubilities the curves rise again showing a curvature in the opposite 
direction of that otherwise found. In this respect the behavior of tri- 
trivalent salts diverges widely from that of the salts of lower types, as will 
especially be evident on considering Fig. 5 The significance of the dotted 
line in this figure and in Fig. 3 will be mentioned later on. 

In a simpler but somewhat less perspicuous way the calculations ac¬ 
cording to (30) can be represented by employing the total concentration 
Ct mstead of the concentration e of the solvent as abscissas. For this 
purpose we first transform Equation 30 into the following 


log; 




( 3 *) 


r 1116 *° ,UbiIities at total concentrations and 
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For each value of a only one single curve irrespective of the solubility 
s a is obtained. The results are consequently more completely given by 
this diagram than by the foregoing. On the other hand, it is more difficult 
to grasp the significance of s„ by this method. 



Having now shown the general results furnished by Equations 30 and 
31 in the case of heteroiome solvents, we shall turn to their application 
to some definite examples In spite of the great amount of experimental 
work carried out on solubilities partly referred to in the introduction, 
only a few data are available for the purpose before us. A series of in- 

T&aut IV —Thb Solubility Ratio s/s, , pa* Dippb*bnt’Values op a Hhveeoiokic 

Solvent 



• - 

« * • 1 

0 — 3 

0 coo 

0 7003 

0.4405 

O 04OJ 

0 OOI 

0 7561 

0 3269 

0 0S0S 

0 003 

0 7714 

0 J54» 

0 0967 

0 005 

0 7984 

0 4065 

0 1320 

0 01 

0 8262 

0 4660 

0 1795 

0 oa 

0 8625 

0 5535 

0 1643 

0 05 

0 9391 

O 745 * 

0 5159 

0 08 



0 7940 

0.1 

1 0000 

1 000c 

I 0000 


vestigatians have, therefore, been initiated in this laboratory for supply¬ 
ing this lack, and an ample experimental material has already been pro¬ 
cured, chiefly covering salts of the metal-ammonia type 
From this series, of which a complete account will be rendered in subse¬ 
quent articles, a few data may be stated in Tables V to DC. The metal- 
ammonia salts here in question are the following; 

Dichlorotetrammine eobaltic rhodanide or prasco rhodanide 
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Trans dimtrotetrammine cobaltic nitrate or croceo nitrate 


l C0 (NH s )J 


(NH 3 ), 

Oxalotetrammine cobaltic perchlorate 


NOi. 


[ Co (aw 3 )J 


ClOi. 


Nitropeatammine cobaltic chromate or xantho chromate 



Further, the data of Noyes and Brav 1 on thallous chloride are shown. 

Under (s/s a ) c ^ are presented the solubility ratios calculated by means 
of (30), introducing for a a value such as to make the calculated and the 
experimental values of s/s 0 agree most closeh . It is seen from the tables, 
first, that agreement can be brought about it we introduce one single a 
value for any system, second, that these : values for the \ arious systems 
of uni-univalent salts vary’ only slightly m the neighborhood of ‘/j- In this 
respect full concordance exists with the requirements of the freezing point 
formula. In the case of the bi bivalent xantho chromate the a value 1.80 
must be adopted to represent the experimental data This value also 
corresponds to the freezing point measurements and is approximately 4 
times as great as in the case of uni-univalent salts. 


For tri-trivalent salts no experiments have been carried out with tri- 
trivalent solvents. The results obtained In employing other solvents, 
however, show the rise in solubility here to be extremely marked, lughly 


exceeding the effect observed in the case 

of lower 

valence. This agrees 

with the corresponding higher values for a, 

, which may lie used in this case. 

Table V. — The Solubility or Prasbo Cobaltic Rhodanidb in Sodium Chlorate 


Solutions at 1 »- o', 

c « 0.30 


C 

*• Ki/S t ) Ctt 1C 

(j/O found. 

0.00 

0 00389 

1.000 

1.000 

0.01 

0.00306 

I 066 

« 039 

0.03 

0.00317 

I J 32 

l 13a 

0.05 

0.00339 

1.173 

1.173 

o.t 

0.00360 

1 JJ 4 

1 246 

Table VI.— The 

Solubility of Croceo Coualtic Nitrate (^Modification) in 

Potassium Formats Sclutioss 

AT / w 0 °, 

a “ 0.3 r. 

(. 

*• (V<«) cak 

(»/«.) found 

0.00 

0.00494 

I 000 

I.OOO 

0.02 

0.00536 

I 093 

1.086 

0.05 

000374s 

1.163 

I.I 64 

o.x 

0.00621 

1.243 

1.358 

'Loc.dL 
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Table VII.— Tbs Solubility or Oxalotstxamkinb Cobalwc Pbbchloratb or 
Sodium Formats Solutions at t - o', a - 0.33. 


c. 

t. 

(*/»•) c*le. 

(*/*•) found. 

0.00 

0.00508 

1 .OOO 

I OOO 

0.05 

0.00597 

1.174 

1.174 

o.xo 

0 00640 

1.358 

1.260 

VIII.—Tbs Solubility or Thajulous Chloride in 
Solutions at 1 - as', a - 0.355. 

Potassium Nitrate 

C. 

». 

(i/t,) c*lc 

{>/$,) found. 

0.00 

0 01607 

I .OOO 

1 .OOO 

0.03 

0.01716 

1.068 

I 068 

0-05 

0.01816 

I.I 36 

I.I 36 

O. 1 

0.01961 

I .217 

1.220 

IX— Th* 

Solubility or Xantbo Cobaltic Chroma tb in Magnesium 
Sultatb Solutions at 1 » o', a - 1.80. 

c 

1. 

(»/*•) cole. 

found. 

0.00 

0.000258 

1.00 

1 OO 

O 03 

0.000620 

2.39 

3 40 

O 05 

0 000908 

3 37 

352 

O. I 

O.OOU37 

5 3 

♦ 8 


As far as these facts go, the established formulas (50) and (31) may 
thus be looked upon as able to account for the shape of the solubility 
curves obtained by varying valence of the ions through the use of hetero- 
ionic solvents. As will be observed on closer inquiry into the available 
experiments, the formulas hold generally only approximately in concord¬ 
ance with the individual behavior which the various salts exhibit in solu¬ 
tion, as known also from the individuality in the freezing-point curies. 

5. Homoionic Solvents. 

In the homoionic solvents the solubility phenomena are much more 
multifarious than when heteroionic solvents are employed. The correct¬ 
ness of the point of view advanced for the treatment of solubility equilibria 
will, therefore, be subjected to a more severe test by the employment of 
advents of this kind. 

From Equation 27 

log (c'c r ) = aa^ci -f const 

we obtain by putting c' ■» 5 and c" « c, and elimination of the constant 
1 log —, - ao(^ ; —(3a) 

or 

log - ia(& h — ^T Ck ), (&) 

SfC k 

where the terms applied hove the same meaning as above, and especially 
the product tc, indicates the stoichiometric solubility product. By ap- 
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•plication of these formulas to the various types of salts the corresponding 
values of a, given on p, 767, must be introduced. 

We shall first consider the effect of the addition of a homoionic solvent 
qualitatively. To that end Equation 32 is differentiated. Thus we 
obtain 

djn* _ p _0_ ^__ , Cm) 

dine, 0.6515 

If c, be sufficiently small, the first member of the right-hand expression 
will vanish, and we can write 

din s - — d In i, 

In this case the solubility' product is constant. The solubility must there¬ 
fore always decrease by increasing concentration of the homoionic solvent 
if the solubility in pure water be sufficiently small, and the solvent added 
in sufficiently slight concentration 

From (34) we draw the general inference that the solubility curve must 
exhibit a minimum when 


»/- _ °'^S l 5 
v,/ - —-— 


( 35 ) 


showing at smaller concentrations a fall and at higher concentrations a 
risejwith a rise in concentration of the solvent. This minimum lies at 
very different concentrations according to the different values of 0 Put- 
ting.for a the values adopted above for the various types of salts, we ob¬ 
tain the following figures for the minimum concentration 


TABt.fi X 


Type of salt 

O 

‘ rain 

Uni-univalent 

V. 

7 5 

Bi-bivalent 

V, 

0. la 

Tri-trivalent 

3 

O.OI 


In the case of uni-univalent salts the concentration calculated in this 
way lies far beyond the domain of the established formulas. For salts 
of higher types, however, the calculated c Bm are sufficiently small to render 
the results reliable. We may, therefore, expect that a minimum in the 
solubility curve may occur for bi-bivalent and tri-trivalent salts at the 
total concentration in the neighborhood of o 1 and o 01 molal, respec¬ 
tively. 

If the solubility in pure water of a bi-bivalent or a tri-trivalent salt 
exceeds these minimum values o. 1 and o oi molal, respectively, the solu¬ 
bility curve must obviously start rising contrarily to the ordinary concep¬ 
tion of the influence of a homoionic solvent. 

We shall now turn to the numerical calculation of the effect of a homo- 
ionic solvent. It is first to be noted that Formula 31 represented in Fig. 
6 applies very well also in the case of homoionic solvents when' sc,/s v * is 
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inserted for s*/s Q i . In Fig. 6 the curves then represent the square root 
of the solubility product instead of the solubility itself. A more instruc¬ 
tive picture of the correlations in question will, however, be obtained when, 
as in the foregoing section, the interdependence between the solubility 
ratio s/s c and the concentration of the solvent is represented. 

The results of these calculations, according to Equation 32, are given 
in the following tables, XI, XII, XIII, and the accompanying diagrams - 
Table XI— The Solubility Ratio s/s, foe c = '/, 

Homoionic Solvent. 


< 

Vi. 

c 


c 

j/j. 

• OOOI 

0 108 

0 1 

O 119 

0 01455 

0 345 

0 01 

0 01296 

O 02 

O 0651 

0 0475 

0 753 

© 02 

0 00706 

O f >5 

O 0302 

0 0999 

0 146 

• 05 

0 00328 

O X 

O 0175 



O 1 

0 00190 





Sm 

— 10-* 

S a - 

IO“* 

So « 

10 

Tabus XII - 

Thb Solubility Ratio 

51*0 FOR a « 

•/,. 



Hommomc Solvent 



t 

tlu 

e 

■6. 

c 

*/*•■ 

O OOI 

0 139 

0 0098 

O 197 

0 01295 

0 705 

0 OX 

0 0282 

0 0199 

O 143 

0 0445 

O JI 2 

0 02 

0 0199 

0 0499 

0 104 

0 0954 

O 461 

O 05 

0 0x44 

0 0999 

O 094 



O I 

0 0129 




• 

*• 

- IO~ 4 

So •* 

IO** 

Jo - 

JO -1 


Table XIII — The Solubility Ratio 

j/j 0 foe a — 

3 - 



Homoiotuc Solvent. 



t 

*/*• 



t 

>/•>.. 

O OOO98 

O 210 

0 0093 X 

O 493 

0 0092 

I 084 

0 01 

O 1033 

0 0195 

0 J 34 

0 0334 

1 .656 

0 02 

O 1 X 30 

0 0492 

0 816 

0 06&9 

3 » 

0 03 

0 17*0 

0 0985 

' 



0 X 

0 320 





Jo 

“ 10 

** 

IO~» 

So « 

JO"* 


We observe from these that Equation 32 underlying the calculations 
is able to account for the wide diversities which, according to the avail¬ 
able data in this field, are characteristic of solubilities in homoionic sol- 
* vents. With small a-values, that is, with uni-univalent salts the solubility 
exhibits a pronounced and steady decrease with increasing concentra¬ 
tion of the added salt. With medium values of a, that is, with bi-bi¬ 
valent salts the solubility is likewise diminished, but the fail is less marked 
than in the foregoing case, and the curves gradually approach a horizontal 
line. The curves corresponding to a large value of a, or to tri-trivaleat 
salts, finally show pronounced minima and, at higher concentration, a 
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«pk f rise in solubility. In all cases the shape of the curves is markedly 
influenced fey the value of the solubility r 0 in pare water. This value 
sufficiently high, we find in the case of ft tri-trivalent salt, as mentioned 
above, that the decreasing portion of the curve will disappear and the 
curve start rising. 



A few of the results which have been furnished by the examination of 
metal-ammonia salts dissolved in botnoionic solvents may be stated here 
for a closer illustration of the applicability of the theory. The salts in 
question are the following; 

Dichlorotetrammine cobaltic bromide or praseo bromide. 



Trans-dinitrotetrammbe cobaltic chloride or crocco chloride, 



Iso-rhodanopentammine cobaltic sulfate, 

[ Co (AW.)J S ° 4 - 

Tabus XTV. Tbs Solubility op Pkaseo Bromide in Potassium Bromide Solutions 
at S * o*. a » o 355 


<* 

^oiiod. 

*Mlc. 

0.00 

o 00635 


0.02 

0.00211 

0 0021a 

0.05 

0.00107 

0.00107 

O.I 

0.000635 

0.000634 
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Tabu XV-—Tbs Solubility of Croceo Chloride in Potassium Chloride 
Solutions at / «* o', a •» o 38. 


e 

'found 

* c ale. 

0 00 

O 022X6 

., 1 

O 03 

O OI5I5 

O 01516 

0 .05 

O 01005 

0.00991 

0.1 

O OO64O 

O 00647 


Table XVI.—The Solubility of Iso-Rhodanopbntamhinb Cobaltic Sulfate 
in Magnesium Sulfate Solutions at I - 0“, a — 1.73. 


c 

'found 


0 00 

O OII77 

. . . 

O 02 

0 01005 

0 0096 

0 05 

O OO980 

0 0099 

0 I 

0 01054 

0 on6 


Table XVII —The Solubility of Thallocs Chloride in Potassium Chloride 
Solutions at / - 25°, <2 « o 40 


t 

IfoUDd 

*cmlc. 

O OO 

0 01607 

.... 

0 035 

0 00869 

O OO87J 

0 05 

0 00590 

O 00587 

0 X 

0 00396 

0 00391 


The data for these salts and the 
data of Bray and Wmninghoff 1 for 
thallous chloride are given m Tables 
XIV to XVII. 

The agreement between the calcu¬ 
lated values and those found experi¬ 
mentally in all cases proves satisfac¬ 
tory. The values of a to be chosen 
lot producing this agreement are quite 
concordant with the a values found 
using heteroionic solvents and by the 
freezing-point measurements. We 
observe especially that the a values 
for the bi-bivalent salt must again be 
chosen nearly 4 times as great as lor 
uni-univalent ones. The appearance 
of a minimum in the curve for the bi- 
bivalent salt is likewise in accordance 
with the theory as mentioned above. 

6. The Liquid-Liquid Equilibrium. 

Some interesting phenomena whose 
occurrence may be suspected from 



tite established formulas, such as <30}, in the case of polyvalent ions, may 
1 Taa Joeuih S3,1663 (1911)- 
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be men t ioned now. As seen from the diagram, Pig. 6, the curvature of 
the carves for small values of a has the same sign through the whole 
range of concentrations. As a becomes greater the course of the curves 
becomes more rectilinear at the higher concentrations and, finally, when 
a sufficiently large value of o is reached, an inflexion point appears in the 
Curve. Beyond this point the curvature is inverted, and at a certain 
point (R) the tangent of the curve may pass through the origin. 

This case is more dearly represented in Pig. io for the addition of a 
homoionic salt. The solubility s is plotted against the total concentra¬ 
tion c ( . The point R corresponds to the point R mentioned in Fig. 6. 
We have here 

ds s 

dc, £, 

or 

d In s «= d In c, = d In e. (36) 

Introducing here s •= £,// and c “ fa//, fi and ft denoting, respectively, 
the activities of the saturating salt s, and the salt s s serving as solvent, 
we obtain 

d In fi = d In fa (37) 

or, since fi *= constant on account of the solution being saturated with Si 

dft *» o. (38) 

At concentrations corresponding to the point of contact R the activity erf 

St will thus remain constant with rising 
concentration While in all stable solu¬ 
tions addition of any substance must 
cause the potential or activity of this 
substance to rise we have here arrived 
at a critical point for the stability of 
the solution. According to the theory 
of miscibility of liquids a separation in 
two liquid layers must take place before 
this critical concentration is attained. 
The situation of this point is determined 
by (36). Combining this with (38) we obtain 





(39) 


u 

where c R indicates the mentioned critical concentration. 

According to Equation 18 the point K is also characterized by 

which indicates that the osmotic concentration here shows a maiffrnum - 
Smce this will be the case also in pure salt solutions, the phenomenon Of 
separatum here in question must occur in pure salt solutions too. > 
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The same result is easily found by applying Formula 26, 
log/ * — a-tfc- 
Putting here / — £/c we have 

log £ - log c — a<fc, 
or, since d log £ — o by c — c s 

*5 - ^ 

a 

corresponding to (39). 

As a result of these computations we see that the activity of a dis¬ 
solved salt, increasing with increasing concentration in dilute solution, 
at higher concentrations will reach a maximum and thereafter decrease. 
These computations of course have a physical meaning only if the critical 
point R is reached by solutions which are sufficiently dilute for the applica¬ 
bility of the formulas involved Introducing in (39) the values of a used 
above to represent the behavior of the various types of salts, we can calcu¬ 
late the following values of c R . 

Tabui xvru. 


Type of wit. 

a 

‘X 

Uni-uni valent. . 

V. 

0.59 

Bi-bivnlcnt 

‘A 

O 93 

Tri-tnvalent 

3 

0.082 


Only m the case of tri-trivalent salts, as seen from the figures, does the 
calculation of c K afford a trustworthy result, as only in this case is the 
calculated magnitude of c K small enough to render the applied formulas 
at all valid- Even the concentration 0.08 computed for such salts may 
be regarded as a rough estimation, on account of the deviation from the 
formulas used increasing rapidly with increasing valence of the ions. We 
are justified, however, in expecting the separation phenomenon in the 
case of polyvalent ions at least at fairly small concentrations. 

Similarly, the separating layer may be expected to contain a small 
amount ol the solvent. It may naturally be regarded as a salt in liquid 
state saturated with water under the prevailing conditions. If the melt¬ 
ing point of the salt be very low, the liquid-liquid system in certain cases 
may be a stable one. Usually, however, the equilibrium can exist only 
because of the insufficient velocity of crystallization, the tendency of 
the concentrated layer to separate the solid phase being thereby obscured. 

According to this view the solubility of salts of higher types may re¬ 
main far below the solubility of the liquid layer* or o fortiori far below the 
critical concentration c K . In fact, the solubility determinations with 
such salts, carried out in connection with the above-mentioned investiga¬ 
tion cm metal ammonia salts, dearly confirms this conclusion, as in all 
cases solubilities not surpassing 0.001 mold were found. 

> See J. N. Breasted, Z fkytik. Cham., $6,683 <1906). 
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Regarding the separation of a liquid layer from a salt solution, thin 
phenomenon has been real&ed in a number of cases by admixture of solu¬ 
tions of polyvalent ions of different sign. The separation was in all 
cases studied by mixing b v ° samples of the solutions concerned under 
the microscope. Usually the separation occurs instantaneously forming 
clouds of minute particles gradually uniting to larger liquid drops. The 
change of the liquid salt into the solid phase usually takes place rapidly. 
Notahly^ however, in the tfase of the trivalent triethylene-diamine cobalt 
ion the liquid system may be fairly stable, and the procedure of the growth 
of the drops and their ultirPate crystallization furnish a dear illustration 
of the nature of the phenorflenon. 

It remains to be said that the phenomenon of the appearance of a salt 
in Squid state by precipitation is known from other fields of research. 
The interest of the phenomenon, and its importance for our conception of 
salt solution, however, makes a closer theoretical and experimental investi¬ 
gation desirable. We shall there have the opportunity of considering the 
experimental results from this laboratory and from other quarters more 
dosely. 

In Figs. 3 and 5 the critical points on the curves are indicated by drcltfl. 
The dotted line drawn through these points fonns the limit of stable solu¬ 
tions. All parts of the curves beyond this limit arc dotted in the figures 
in order to show the unstable or hypothetical character. 

Using homoionic solvents a limiting curve of similar significance can be 
drawn. In all cases the critical points can be determined as points of 
contact of the tangent passing through the origin. 

7. Theoretical Considerations. 

Through the results obtained in the foregoing sections we are justified 
in concluding that the solubility phenomena of salts in solutions of other 
salts with or without a a iofl in common may be accounted for on a thermo¬ 
dynamic basis by the simple assumption of the equality of the activity 
coefficients for salts or ions of the same type in a mixed salt solution. 

In particular cases this assumption may prove to hold very exactly, 
for instance, in mixed solutions of potassium chloride and po tassium bro¬ 
mide of slight concentration- Solutions of such a kind will behave in a 
markedly simple manner at constant total concentration, and may suitably 
be termed ideal salt solutions. Apart from such solutions, the assump¬ 
tion of the equality of the activity coefficients, as already emphasized in 
the foregoing, pretends to be only an approximation. It is important to 
note, however, that the activity coefficients of mixed salts vary 

independently but, as mentioned in Section j, are subject to thermo¬ 
dynamic correlations. In a subsequent paper we shall deal with these 
correlations more thoroughly. 

like our chief assumption concerning the activity coefficient, the cube 
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root expression employed for log / is also an approximation. It is clear, 
therefore, that all the formulas derived in the preceding sections repre¬ 
sent only the general shape of the solubility curves, but are not able to 
explain the peculiar behavior of a particular system. In order to ascer¬ 
tain whether the hypothesis advanced may, properly modified, be able to 
form the base of a more precise theory of solubility, it must preferably 
be looked upon in the light of the theory of the complete electrolytic 
dissociation supported by Bjerrum 1 and Milner.* 

In a recent paper* I bave shown that this theory may be applied ad¬ 
vantageously in the case of mixed salt solutions to explain the decrease 
in activity exhibited by a dissolved salt on addition of another salt. From 
this point of view the increased solubility of salts in heteroionic solvents 
follows simply from the diminution of the activity coefficient of the ions, 
no assumption as to the formation of undissociated molecules being in¬ 
volved. In the case of a homoionic addition the solubility product for 
the same reasons must rise, producing either a rise or a fall in the solu¬ 
bility itself, according to the type of the added salt and the prevailing 
conditions of the system as a whole. 

According to the definite character of the activity in any given solu¬ 
tion, the stoichiometric activity coefficient defined in Section 1 and reck¬ 
oned with throughout this paper, must obviously be equal to the activity 
coefficient arrived at by the suggestion of complete dissociation, since in 
this case the actual concentration of the ion is equal to its stoichiometric 
concentration. 

If the calculations carried through by Milner, to determine the influence 
of the electric charges of the ions, held good for real salts, the activity 
should be the same in all cases for the same type of salt, and the above 
approximate hypothesis would then be a rigid law. The deviations mani¬ 
fested by salt solutions, when examined with regard to freezing point or 
solubility, proves, however, that the ions possess a markedly separate or 
individual behavior which is appreciable even at fairly small concentra¬ 
tions. From the usual point of view this individuality should be ascribed 
to diversities in the degree of dissociation. On the basis of the theory 
of complete dissociation it becomes necessary to attribute to any separate 
ion a secondary power beside the primary Milner effect which can exert 
a specific action on ions of the same or of another type. The necessity erf 
introducing such a secondary effect becomes quite natural when we bear 
in mind that the computations of Milner rest on the presupposition trf 
ideal conditions in the solutions, the ions being considered as charged 

« Prac. fth Intm. Con {. Appt. Chtm. (London), 1909. See. X, Z. BUMrodem., 

*4, Jfi (mt8>. 

» Pkil. Waf., (61 aj, J53 (»su); 15, 74J (« 9 U>- 

* Mrddtlandta frim K. Veunskabtokadtrniens NoMmstiM, $, No. as (leto). 
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mass-points, and no regard being paid to the possible hydration of the 
When the ions are considered as particles of finite sizes, and pro¬ 
vided with electrical charges at finite distances from one another, and 
moreover often combined with a large number of water molecules, they 
must behave otherwise than the ideal ions which Milner deals with. It is 
easily understood, therefore, why the theory of Milner is not able to give 
an exact picture of the behavior of salt solutions. 

Considering now the laws of the strong electrolytes as being governed 
merely by these primary and secondary forces, the interpretation of several 
solubility phenomena which, according to the ordinary view of such solu¬ 
tions, require particular assumptions for their explanation will appear 
especially simple. To explain the increasing solubility, which is exhibited 
by sparingly soluble salts on addition of a homoionic solvent in fairly 
considerable concentration, we thus commonly suspect the formation of 
"complex” ions to take place in the solution. Of course in many cases 
this conclusion may be correct The solubility of silver cyanide in potas¬ 
sium cyanide, for instance, is undoubtedly due to the formation of a com¬ 
plex silver cyanide ion The rise in solubility produced in this way is no 
exceptional phenomenon, however, but generally met with, as mentioned 
above, when the coefficient a has reached a certain value. From the 
theory advanced the explanation is given by the double action of the 
added salt in raising the activity on account of the increasing concentra¬ 
tion of the ion concerned, and in causing it to fall on account of the rising 
electric forces operating between the ions the last mentioned effect ex¬ 
ceeding the first in the case of increased solubility. In a solution of 
hexammine cobaltic sulfate, for instance, we have no reason for believing 
the ions tend to form complexes. Nevertheless, the solubility of this 
salt increases rapidly with increasing concentration of a sodium sulfate 
solution serving as solvent. In this, as in similar cases, the explanation 
follows as a simple consequence of the electric action which must be as¬ 
sociated with the ions according to our theory. 

In this connection we may mention a phenomenon to which attention 
is called by Noyes and Bray . 1 It is stated by these observers that, though 
in all cases of moderately soluble uni-bivalent salts the solubility is re¬ 
duced in at least rough conformity with the requirements of the solu- 
bility product principle when a salt is added having a univalent ion in 
common, the decrease of the solubility caused by the addition of an equiv¬ 
alent quantity of a salt with a common bivalent ion does not exceed a 
few per cent., and the addition of a larger quantity causes the solubility 
to increase slightly. In other words, the effect on the solubility in the 
last-mentioned case is on the whole very slight. Harkins* emphasizes 

1 Lac. di, 

* Tms JornWAi, J3, 1807 
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this phenomenon as having no resemblance to what would be expected 
from an application of the solubility product principle. 

From our point of view, however, a distinction between the two cases 
does not exist. Consider a uni-bivalent salt, for instance, lead chloride. 
Let Si and St be the solubility in equivalents in a solution of potassium 
chloride of the concentration c\ and in a solution of lead nitrate of the 
equivalent concentration r*. Then we have 

- <s, + c,)*/>/>' ! = 

2 2 

where f t , // and f%, // indicate the activity coefficients of the lead ion 
and the chlorine ion in the first and second solution, respectively. As¬ 
sume the total equivalent concentration to be equal (= c,) in the two 
cases, and the activity coefficients of the two ions to depend only on the 
tbtal concentration. The above equation then simplifies to 

s,c, «= ss*. (40) 

This equation shows that a rapid fall in solubility by increasing con¬ 
centration of an added salt having a univalent ion in common with the 
saturating salt is easily compatible with the solubility being unaltered 
by addition of a salt with a common bivalent ion. As in dilute solutions 
the gas laws approach validity, j, will decrease more rapidly in this region, 
than corresponding to s t « s t c, k, and s, consequently will not be con¬ 
stant but decrease slightly. At increasing concentrations the fall in j t 
may gradually diminish, corresponding to si passing through a minimum, 
and thereafter increasing. The effect observed is thus not an abnormal 
one, but rather in full concordance with what would be expected from 
the standpoint adopted. 

The significance of the valence of the ions is accounted for by assigning 
according to the type of the salts, different values to the coefficient a 
in the formulas employed. The relationship between valence and ac¬ 
tivity coefficient is suggested by Bjerrum 1 aud explained through the at¬ 
tracting forces operating between the ions, these forces varying propor¬ 
tionately to the product of the electric charges, No formal derivation 
of this dependency, however, is given and at the present moment it is not 
quite decided whether the molal or the equivalent concentration would 
apply most suitably in the formulas. At any rate, the rapid rise in the 
electric forces by increasing valence manifests itself very distinctly in 
the solubility measurements. 

As shown in the foregoing, there will be a fall in the activity with In¬ 
creasing concentration if the coefficient a be sufficiently great; that is to 
say, in the case of tri-trivalfcnt salts. This is easily understood when we 
consider the solution constituted by ions of high charges. As the concen- 
1 Z. EUlMrtclum., > 4 , 311 ( 1918 ). 
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tration increases, the attracting forces between the ions will tend to dimin¬ 
ish the activity contrarily to the effect otherwise prevailing in dilute sys¬ 
tems, and at a certain point, therefore, the activity will pass through a 
mflTtmnm This corresponds to the separation of toother liquid layer in 
equilibrium with the solution, as mentioned above. This phenomenon 
is quite similar to the break in continuity produced by the compression of 
a gas beyond the saturation point, the cohesive forces between the mole¬ 
cules here replacing the electric forces operating between the ions. As 
the incomplete miscibility of liquids according to the theory of Hilde¬ 
brand 1 is sensibly dependent upon the difference in internal pressure erf 
the liquids concerned, we must suggest the supercooled liquid salts of high 
valence to be in possession of extremely high internal pressure, as is ex¬ 
actly to be expected from the conception of the salts being, in the solid 
and the liquid state, also more or less completely dissociated. At any 
rate the assumption of a decreasing dissociation of the salts with increas¬ 
ing concentration may not be able to account for the separation phe¬ 
nomenon appearing in very dilute solutions in a similarly simple way. 

Finally, we may consider briefly some other fields in which the theory 
supposedly may be advantageously applied. It is dear that the effect 
which is here assumed to increase the solubility of a salt by addition of 
other salts, must exist also in the case of unsaturated solutions and may 
be able to alter the equilibrium occurring in homogeneous solutions as a 
whole. 

Consider first the electrolytic dissociation of the solvent itself. In 
accordance with the above view an addition of salt to pure water must 
diminish the activity coeffident of the hydrogen and the hydroxyl ion. 
As on the other hand, the potential of the water suffers no perceptible 
alteration on small additions of salt, a rise in the dissociation of the water 
must ensue. The "dissociation constant" is thus actually no constant, 
but increases with the concentration of the solute, say a uni-univalent 
salt, in the same way as the solubility product of a correspondingly solu¬ 
ble salt. If by k we denote the dissociation product in pure water, the 
value of the product of the two ions at varying concentration of an added 
uni-univalent salt, calculated by means of (27) may be expressed approxi¬ 
mately by the following figures: 

Tabus XIX.— The Dissociation Product or Water in Salt Solutions or the 
Concentration c. 


1 Th» Journal, 38, 14J2 (1916). 


i 

C S+ • 'OH—. 

0 

k 

0.001 

1 *7 

0 01 

1.39 

0.02 

* l.Jt 

O.OJ 

*77 

O I 

2.05 
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The alteration in the dissociation product is thus very considerable. 
In a tenth tnolal solution it is about twice the value in pure water. That 
such a change has not been observed hitherto is due to the fact that usually 
only the activity of the ions, and not their true concentrations, are avail¬ 
able for the experiment. If the activity coefficient be altered to the same 
degree for the two ions, the effect must then be obscured. 1 

As in the case of water, we shall find an effect of the same kind with 
other weak electrolytes. We may establish quite generally the fact that 
any equilibrium in aqueous solution involving incompletely dissociated 
electrolytes may be influenced correspondingly by addition of salts. By 
consideration of such cases, however, the phenomenon known as 
the "sailing out” effect must be not disregarded. This effect will 
cause the activity of a non-electrolyte, or of the undissodated portion of a 
weak electrolyte, to increase with increasing salt concentration. The solu- 
bililty of a slightly soluble weak acid, for instance, will for these reasons 
exhibit a maximum at a certain salt concentration at which the Milner 
effect is compensated by the “salting out” effect. Experiments of Hoff¬ 
mann and I-ongbeck 1 with weak adds have given results which confirm 
this view. 

For the treatment of the solubility phenomena of the strong electro¬ 
lytes the results obtained with non-electrolytes or weak electrolytes, 
however, are of wide consequence. For it may be surmised that the 
"salting out" effect is not restricted to uncharged molecules alone but is 
present in the case of widely dissociating salts also. It is very probable 
that the “secondary effect" mentioned in the previous sections as being 
peculiar to the individual salts, respecting their solvent power, may be 
found to be in dose connection with the salting out effect. As an illustra¬ 
tion may be noted that potassium hydroxide, showing the most pronounced 
salting out effect upon non-electrolytes, also reduces the solubility of 
salts much more markedly than other solvents examined in this respect.* 
This fact has caused A. E. Hill* to surmise without paying attention to 
the exceptional character of the substance used that the solubility generally 
diminishes on addition of heteroionic solvents. 

Having now in the present paper advanced the general points of view 

1 If the H * and the OH ~ ions ire hydrated to a different extent, increasing eon- 
' centra tion of an added substance must after the dissociation equilibrium of water in 
favor of the anhydride of the moat hydrated km. This fact being appreciable in strong 
solution* makes it possible to captain a divergence of such solutions from the neutral 
state, as indicated by electrometric measurements. Possibly the results of Pnbnaer 
and Melatider (Z. Ekktrethem., 21, 418 (1913)! are to be interpreted in this stay. 

* Hoffmann and Lang beck, Z, pkysii. Chem . 51, 385 (1903}. 

* J. N, Breasted, Medddanden fr. K. Vetenskapsakademiens Nobelinsritut, 
S, No. *5 (1919). 

* A. E. Bill, Tina Journal, 4*, 1186 (19m) 
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from which the solubility equilibrium in salt solutions supposedly ought 
to be considered, we may in subsequent articles turn to a more detailed 
treatment of the whole problem in connection with the publication of the 
remaining part of the experimental results. 

Conmuan, Dixmuk. 


NOTE. 



Manometer for Vacuum Dis¬ 
tillation.—The form of manom¬ 
eter commonly employed in 
vacuum distillations suffers 
from two principal disadvan¬ 
tages, the first consisting in the 
danger of air or moisture being 
carried into the vacuous space 
by the repeated movements of 
the mercury with change of 
pressure; the second, which is 
the more serious, consisting in 
the liability of the sealed end of 
the manometer tube to be broken 
by the impact of the mercury 
on suddenly readmitting atmos¬ 
pheric pressure into the appa¬ 
ratus. 

Both of these defects may be 
eliminated by the use of a hook¬ 
shaped trap such as is com¬ 
monly employed on accurate 
barometers. This trap effec¬ 
tually prevents the passage of 
air into the vacuous space, and 
if the capillary of which the 
hook consists be sufficiently fine 
as to retard the movement of 
the mercury, the danger ctf 
breaking the tube is effectually 
prevented. 

H. T. Clarks. 

Emtkak Kodak Commot, 

Kuaowm, Niw Yon. 
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[Contribution meat tub Division op Chemistry. Harvard University.} 

ON THE CHEMICAL MECHANISM OF ORGANIC REARRANGE¬ 
MENTS. 

Br Arthur Michael. 

R.ccWmJ November 4, 1919, 

In a later paper on "Ring Formation and the Strain Theory,” the 
analogy between the course of rearrangements in cyclic and acyclic de¬ 
rivatives will be discussed from the affinity-energy-spatial relations of 
the atoms, and, as a wide discrepance is found in chemical theory in re¬ 
gard to the cause and the mechanism 0/ such changes, it seemed desirable 
for a correct understanding of the correlation to consider beforehand the 
subject of rearrangement from the same point of view. 

In a homogeneous chemical system, an intramolecular rearrangement 
takes place through a change in the positions of certain atoms or groups 
of atoms in the molecule, and the new, isomeric product may belong to 
the same, or to a different chemical type; in the latter case the process 
may be called a type rearrangement. When the Isomerization takes place 
intermolecularly, it proceeds with the dissociation of the substance into 
simpler parts, which then unite to form a compound that is more stable 
under the conditions of the experiment. 

In a heterogeneous chemical system, the change in the chemical struc¬ 
ture may occur with the loss of a component part of the substance, through 
the catalytic influence or the chemical action of the energy in the reagent, 
with isomerization of the residual structure. Or. by the union of the sub¬ 
stance with the reagent, when, owing to the chemical energy Unis added, an 
isomerization in the substance part of the " polymolecule” takes place 
with partial conversion of its free energy into bound energy and heat, 
and is followed by the breaking down of the system into the isomerized 
substance and the reagent. Reactions of this class are always type re¬ 
arrangements. 

The factors that determine an intramolecular rearrangement are: 
first, the extent of the free chemical energy' at the interchanging atoms 
or groups of atoms; second, their affinity for each other and for the atoms 
in the group to which they migrate; third, the amount of energy required 
to separate the migrating parts from the remaining atoms of the group, 
which constitutes a hindrance to the arrangement, and, finally, the heats 
of formation of the isomerides or the two products. As these factors 
may now be connected with the chemical structures of organic substances, 
an analysis of the changes from this standpoint is an explanation of the 
rearrangement. 

The conversion of iso- into tert.-butyl bromide is an excellent illustra¬ 
tion of direct isomerization, and of the subtle relations that may deter¬ 
mine stability towards heat energy. In the methinyl groan of the 
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derivative the affinity between the carbon and hydrogen has been greatly- 
decreased by the numerous, adjacent hydrogen atoms , 1 and, as the tort, 
bromide has a greater heat of formation, the affinity and energy relations 
exist in the primary bromide for a facile, direct isomerisation. What is 
considered an unusually pure preparation of isobutyl bromide is stable 
considerably above its boiling point, but this stability is due to the pres¬ 
ence of an anticatalyte in infinitesmal quantity, as the purest product 
obtainable chang es slowly into the tertiary compound at room tempera¬ 
ture and rapidly far below the point of ebullition . 5 

The historic conversion of ammonium isocyanate into urea is an ad¬ 
mirable example of isomerization through dissociation. All ammonium 
salts are broken down by heat energy more or less readily into ammonia 
and add, and, whether the isocyanic acid (HOCN) thus set free keeps 
its structure under these conditions or is converted into the less acidic, 
intramolecularly better neutralized earbonimide (OCNH), is immaterial 
to the final phase of the reaction, as each of the forms is capable of adding 
ammonia; in the latter case forming directly oar bon amide, and, in the 
former, an enol isomer which will pass over into that product . 5 

Although the chemical system is heterogeneous at the start, it is not 
infrequent that the actual rearrangement takes place in a homogeneous 
system. This may occur through the increment of chemical energy to 
the rearranging molecule by the formation of a “polymolecule’’ (catalytic 
rearrangement), by that of a real addition product of the substance and 
the reagent, or by the replacement of one or more of the atoms in the 
substance by other atoms or groups of atoms, whose affinity and energy 
relations favor the change. Thus, phenylhydroxylamine is a weak 
base, and, although the energy required to separate the hydroxyl group 
and a hydrogen of the aromatic nucleus from the respective groups is 
not very considerable, the free energy in the hydroxyl group is not large 
nor can there be a decided difference between the heats of formation of 
the substance and the isomeric atninophenol. Increasing the free energy, 
and decreasing the hindrance to an isomerization by the increment of 
heat energy, results in the intermolecular breakdown into aniline, aro¬ 
und azoxy-benzene and water. With the formation of add phenyl¬ 
hydroxylamine sulfate, however, all the energy and affinity factors change 
favorably toward an intramolecular rearrangement. The weak base is 
now strongly overneutralized, and the product with its large surplusage 
of negative chemical energy not only works towards converting the weak 
basic component of the salt into a stronger base, whereby more of the ex¬ 
cess of its free negative energy will be converted into bound energy and 

1 Michael, Tins Journal, jj, 997 (19m). 

* Michael and collaborator* Ann., 379, (1910); 393,81 (191a); Th» Joinuuu,, 

38.633 (1916). 

•Michael J brail Ckrm lil An ... 
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heat, but the affinity of the negative hydroxyl group for a hydrogen of the 
aromatic nucleus has been increased, and the energy necessary to separate 
them out of the groups in which they are placed has been greatly decreased. 
With the formation of acid aminophenol sulfate 1 a considerable entropy in¬ 
crease must, therefore, take place; indeed, it is an invariable rule in the in¬ 
tramolecular rearrangements of all acidic and metallic organic derivatives, 
that the changes occurring in the structure of the mother substances are of a 
nature to neutralise the surplus of free energy existing in the salts . 1 And, 
it is an unfailing characteristic in all such molecular reconstructions that they 
proceed with an increase in the entropy of the system / that is, by a greater 
conversion of the free into bound energy and heat than the opposite energetic 
changes. 

One of the primary conditions for intramolecular rearrangement with¬ 
out dissociation is the accumulation of free energy in considerable amount 
at one of the atoms or group of atoms in the molecule Thus, while 
phenylhydroxylamine decomposes readily at 100° into various products 
and water, phenylchloroamine or phenylnitramine, in which the weakly 
negative hydroxyl group is replaced by the strongly negative chlorine 
atom, or nitro group, with the aid of the greater amount of unneutralized, 
free chemical negative energy' in them, are readily transformed into the 
intramolecularly much better neutralized, chloro- and nitro-anilme. 

The Amide —► Amine Rearrangement. 

Hofmann 1 showed that the bromoamides are converted into isocyanates 
on treatment with silver carbonate, and Tiemann 4 first suggested that the 
latter are intermediate products in the Hofmann amine synthesis, a view 
which was proven experimentally by Maugutn. 4 Tiemann* also indicated 

* The further analysis of this rearrangement will appear in a paper on the structure 
and properties of benzene and its derivatives. 

* The most casual examination of this subject in chemical literature and in text¬ 
books, will suffice to show that these conditions cannot be too strongly emphasized 
It will be noticed, that rearrangements arc frequently assumed to take [dace with 
substances that are in themselves cither perfectly stable, or, when heated sufficiently, 
decompose in an entirely different manner. It is certainly re m a r kable that so natty 
typical rearrangements should still be theoretically misinterpreted in this way, as, for 
instance, with the transformation, at a high temperature, of methylaniUne-kxlo- and 
chlorohydrate into the corresponding salts of 9-, and p tohiidinc. respectively, la this 
ease, the so self-evident explanation has been known for many years (Michael, Her., 14, 
H07 (1881)) i. «., that the isomerization must take place through the dissociation of the 
•alts into aniline and the methyl halide. They can now only react differently on each 
Other, as they cannot reunite under the prevailing conditions of temperature, the halo¬ 
gen atoms attacking the easily replaceable hydrogen in the aromatic nucleus of the 
base, with the formation of salts of the more strongly bask tohiidines. 

* Ber., 1$, 41J (i88j) 

*TM., Hi («8pi). 

» Compi. rend., 14* 79 * (1909); Ann. chim., (81 as, jto (t9«i>. 

* Bar,, is, 4»*4 
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that the antecedent step in this reaction, and the formation of aniline through 
the isocyanate in the distillation of benzohydroxamic acid, consisted in 
the formation of the unstable structures RC( 0 )N. This now very gen¬ 
erally accepted interpretation was developed and extended to other sim¬ 
ilar reactions by Stieglitz, 1 who ascribed the rearrangement to “the free 
or latent valences at the nitrogen atom,” and later,* in agreement with 
Jones, 1 to a shifting of electrons from carbon to nitrogen. 

Hantzsch 1 has given experimental evidence in favor of enol structures 
for the potassium acyl bromo-amides, which are probably formed as fol¬ 
lows : 

r—CONH j £ 2 £ R—C(OK)NH R—C(OK)BrNHBr —► 

R—CONHBr R—C(OK)NBr.» 

i Am. Chan J , 18, 751 (1896), 29, 49 (1903). The literature on the subject, 
and a dicussion of other interpretations of the rearrangement, may be found in these 
papers 

1 This Journal. 36, 288 (1914); 38, 2047 (i9 l6 )’ 

* Am. Chan. J., 50, 441 (1913)- 

* Ber.. 35, 252 (igoz) See also Stieglitz, Am Chan. J., 29, 49 (190.3} 

•Schroeter (Ber.. 4 2, 1337, footnote 4 (1909)) believe* that the formula 

R—CONKBr is equally well established, since it is impossible to decide which of the 
desmotropic forms, R—CfOHJNBr and R- -CONHBr, is the more acidic, and the 
hydrogen of "ammonia residues" may have 'strongly acidic character,” t. {., in by- 
drazoic acid. The latter statement appears somewhat exaggerated, as the affinity 
constant of the acid at o° is only 1 io~* (Hantzsch, Ber., 3a, 3066 (1899)). Although 
the fundamental principles governing the structural rearrangements that may take 
place with the conversion of neutral organic substances into metallic derivative* were 
fully developed in 1887 (Michael, J. prakl Chan , {2 } 37,473 (1888); Am. Chan. J., 10, 
158 (1888); 14, 481 (1892)), there seems to be still some uncertainty on the relation of 
such changes to the chemical composition and the structure of the substances. 

An accumulation of negative energy must result when a number of nitrogen atoms 
are grouped together, as in bydrazoic acid, but the strength of it* acidic manifestation 
depends also on a second factor, rit , that the negative energy at the nitrogen group ia 
largely in a free state It is this condition of the negative energy that give* that acid 
its chemical resiliency towards positive chemical energy; if the free energy at the 3 
nitrogen atoms had been converted into bound energy in forming the group, to the 
extent that takes place in forming the nitrogen molecule (This Journal, 3*, 990 
(1910)), it might act almost neutral towards water, or even towards weak base*. 

The quantity of negative energy in the oxygen of benzoamide ia not only greater 
than that of the nitrogen, but also its quality toward* that in the potassium atom, 
and a relatively larger proportion of it is in a free, chemically more potential, condi¬ 
tion. The action of potassium on benzoamide can take place, therefore, only at the 
oxygen atom; in driving out a hydrogen and forming at once C.Hr—C(ONa)NH, the 
maximum entropy of the system is attained, and no further structural change can 
occur under the experimental condition! (ibid., 1003). 

Even Haatzsch (Ber., 35, 219 (1902)), who has contributed experimentally *0 
much to confirm the writer's views, has not fully understood the subject, for he believes 
that in an organic product sodium always joins on to oxygen in preference to nitrogen, 
and, for that reason, sodium cyanoocctic ester has the structure NC—CH - C (ONaJOE. 
The nitrogen in a nitrile group is always rich in free energy, amt the quality 
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The affici ty-energy - spa t i al relations of the metal and halogen in these 
derivatives are extremely favorable for interaction, for the mother-sub¬ 
stances are not very acidic 1 and, therefore, in each of these atoms there 
must be still considerable free chemical energy of an opposite character; 
besides, the affinity of bromine for nitrogen is only slight, and the metallic 
and halogen atoms are in the spatially closest possible positions {1,5). 
With the elimination of potassium bromide a structural change must 
take place, for there is an enormous amount of free negative energy at 
the nitrogen and oxygen atoms of the residual structure CIL—CfO)N, 
and, as they are both in direct union with carbon, they have greatly re¬ 
duced the affinity between the carbon atoms. A chemical reconstruc¬ 
tion in 6 directions 1 is now possible 




R—CO CO—R 

fCj 1 ( (D) R—N'CO. 

N - N 


The second law of thermodynamics demands that in the spontaneous 
chemical change that follows the primary phase, the free energy’ in the un¬ 
stable structure shall pass over to the maximum possible extent into bound 
energy and heat; the chemical limitations to the realization of this goal are, 
the affinity relations between the atoms, and the energetic hindrances to 
a transformation. The formation of (A)* involves the considerable 

in cyanoacetic ester for sodium has been increased through the negative influence 
<rf the oxygen atoms On the other hand, »hen the hydrogen of a carboxyl group is 
replaced by alkvl. the negative energy of the oxygens is neutralized to a more or less 
considerable extent, and it is primarily the fret' energy that is converted The magni¬ 
tude of this loss ol negative energy in the esterification of the carboxyl group is shown 
by the incapacity of benzylacctic cstci to form a mrroiropic sodium derivative and 
the greater thrmual potennal (dim , 363, ji (ryoS>i in the CN than in the COtJE 
group for sodium, that such a product may be obtained from bensv kmitrile That a 
greater neutralization of negative energy occurs by the union of the metal to the 
nitrogen of cyanoacetic ester 15 also evident from the fact that the compound u de¬ 
cidedly more acidic than malimic ester (see if * Cfirm J , 43, ysb (wm)). 

It would certainly add to clearness in chemical terminology in this field end to 
precision in the theoretical conceptions, if the suggestion (Michael, Ann., 363, pa 
(t<joS)) were adopted, tluit the terms tautoraerisin. or desmotropy, be used only to 
designate the capability of certain substances to exist in, and to j>oss over intrurcokc- 
ularly into forms with difleteitt chemical structures, and meroltofy to that ol sub¬ 
stances passing over into a derivative of a dcsmotropic form, through the combined 
influence of the affinity-energy relations in a heterogenous chemical system. The 
phenomena are closely related, but not necessarily coincident i»f«f , 31-33) 

1 HanUacb, Joe. eU„ states that the salt reacts alkaline towards litmus, but ma y 
he titrated with alkali by using phenolphthalein 

1 ~T 

* The very improbable intermediate formation of CH, — O — NH is not taken 
Into consideration. See Hesse, dm. Chtm. J .*), 56 (1003). The affinity-energy con¬ 
ditions tafctt lor the formation of R — O — CN. but the entropy increase hi that case 
would be much lew than with that of R — NCO. 

* Hantucfa. &tr.. *7. ustS fi&oal. Stfealit*. Am Hum T « a. t - v 
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expenditure of energy to shift the segmentations of the oxygen and nitro¬ 
gen spheres on the carbon sphere , 1 to the large extent necessary for form¬ 
ing the j-membered ring derivative, which can be effected only by the 
free energy at the nitrogen and oxygen atoms. The change in this direc¬ 
tion is debarred, however, for the affinity between these elements is too 
slight for them to perform so large a work. It is remarkable, therefore, 
that such a cyclic arrangement not only exists in phenyl-cyda-nitrile oxide* 
but it is formed in a closely allied reaction, vie., in the spontaneous de¬ 
composition of sodium benzohydroxamic chloride, CeHtC (NONa)Cl.* 
The energy-spatial relations of the metal and halogen in that product are 
strictly comparable to those of the similar elements in the potassium 
acylbromoamides, and the outward analogy between the two decomposi¬ 
tions is so striking that Wieland* investigated the problem whether such 
cyclic nitrile oxides are not the primary intermediate products in the 
Hofmann amine reaction. Although the phenyl derivative is partially 
converted by heat energy into the isocyanate, the interpretation had to 
he given up, as the substance could not be prepared from benzobromo- 
amide, nor is aniline formed in its decompositions. 

Why do two structurally and energetically so similar classes of com¬ 
pounds as RC(NONa)Cl and RC(OK)NBr give so entirely different prod¬ 
ucts of decomposition 7 With the replacement of the hydroxyl hydro¬ 
gens in a hydroxamic chloride and enol bromoamide by a metal, a con¬ 
siderable transformation of its free energy and that in the halogens into 
bound energy takes place tlirough space, which must result in these atoms 
being brought closer together spatially. This change evidently carries 
with it an approachmcnt of the elements joined directly to the metal 
and halogen, that is, their segmentations on the respective carbon atoms 
are brought nearer together; a spatial juxtaposition that inrrea^ when 
the halogen and metal enter into direct union, and pass out of the 


1 Michael, This Journal, 40, 705 (1918) 

•The usual names, pbcnyinitrile oxide, and also benxonitrile-N-oxide (Richter's 
hexikon," 1910-n, 344), arc chemically ambiguous Besides cyclo, the prefix efit may 
be used to designate ring formation, as it is already connected in chemical nomencla ture 
•with such a structural condition; lor instance, cpichlorohydrol Votocek (Btr, 44 , 
360 (1911)) has suggested prefixing epi to distinguish diastercomerk derivatives ’and 
to designate the appearance of such products as 'fnmtrum. Although this suggestion 
was adopted m Meyer-Jacobsons “Uhrboch * (I*. 9 ,rj. i, cannot be considered an 
apt addition to chemical terminology, since epi, as stated above, is already connected 
Zt™ different chemical relationship, and there is absolutely no connection 

between the derivation of the prefix and its use to characterize diosUremterim. The 
tetter term is far superior to rpimerism, and, instead of tpi, it would be better to prefix 
diatiercc-; or dtaaUo-. t. g„ glucose and chartered- or dto„tlo. f ; t WT) ff . 

(.908) ’ B "" 27 ’ (r894): WWand * ♦*• <>*• (.907); 41, 803 

•Ibid., 43, 4 ao 7 (1909); see abo Schroeter, Ml., 41, 1339 (1909), 
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system as a salt. The quantity of the free energy at the A-C and A-O, 
respectively the A-N and A-O, obviously now becomes very considerable, 
but the capability of these atoms to overcome the hindrance to form a 
3-membered ring, evidently depends also on the quality- The affinity of 
carbon for oxygen is highly developed, while that of nitrogen for oxygen 
is correspondingly slight, and, in this contrast in the affinity values of 
the end A-atoms erf the intermediate structures, is to be found the striking 
difference in the following phases of the reactions 1 

Formula B represents a more stable structure, in whose formation an 
entropy increment over that by (A) would ensue, as the energetic hindrance 
to the development of its 6-membered ring is smaller than that in the tri¬ 
cyclic arrangement in (A). The chemical obstacle is, however, the slight 
affinity between the nitrogen and oxygen atoms. It is again an affinity 
relationship that prevents the realization SDf (C), as the direct union of 
the negative acyl radical with the nitrogen has so materially diminished 
the attraction between nitrogen and nitrogen that such a structure could 
show but a very slight stability towards heat energy. Moreover, the 
free energy content of (C) would lie quite large ; considerably greater than 
that of (B), and probably only slightly less than that of (A). All the ener¬ 
getic relations in the unstable complex favor rearrangement according to 
the Tiemann Stieglitz interpretation, which finds its expression in (D). 
In the first place, the hindrance to the migration of the hydrocarbyP 
group is slight, as the affinity lietween the carbon atoms has been greatly 
decreased by the direct negative influences of both the oxygen and the 
nitrogen atom, while, on the other hand, that of the nitrogen for the 
hydrocarbon group, is decreased comparatively much less, as the influence of 
the oxygen is only indirect. That the affinity between hydrocarbyl and 
nitrogen in isocyanates is decidedly developed is evident from the proper¬ 
ties of tile substances, for in none of their chemical decompositions does 
the rupture occur at that point. Finally, in regard to conversion of the 

1 When an organic compound contains atoms that may interact on each other, 
an intramolecular decomposition is favored if these atoms ore spatially near to each 
other, or, it the atoms joined directly to them are in the same stcric relationship 
(Michael, J, prakl. Chem., IjJ 6 o, 335 (1899))- In the first case, the question of a 
monomoJecular ring formation depends more on the affinity relations of the atoms 
that become momentarily uusaturnted than in the second, as they arc farther apart 
spatially, and the energetic hindrance is therefore greater. Sodium chloroaeetate 
does not give a tricyclic derivative, because the carbonyl group reduces the affinity 
between the methylene carbon and the natroxy! oxygen so much that they are not 
aide to overcome the energetic hindrance, but replacing the carbonyl by the methylene 
group, i. sodium ethylene chlotohydrol, increases these affinity relations sufficiently 
to lead intramoiecuiarly to the cyclic ethylene oxide. 

1 This word is suggested as a generic name for any mtmtmlemt hydrocarbon radical, 
Irrespective whether it is saturated or unsaturated. Hy&rvairbmt and kydnxortim* 
might be used to express collectively ethylcuic and acetylenic hydrocarbon derivatives. 
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free energy in the unstable system, there can be no doubt that it is greater 
in the formation of (D) than it would be in that of (A) and (C), and proba¬ 
bly there is only a small difference between it and that of (B). 

Rearrangements in Aliphatic a, 0 -Glycols. 

In no other class of organic rearrangements are the chemical changes 
more complicated and dependent on chemical structure than those ac¬ 
companying the loss of water in the a,0-g!yeols. The theoretical inter¬ 
pretation of this subject is difficult or impossible from the current theo¬ 
retical views, and it offers an excellent test of the applicability of the 
affinity-energy-spatial view-point to a very intricate problem in organic 
theory. 

Under ordinary conditions, glycol must have a fumaroid configuration, 1 
which is the spatial form favoring the intramolecular elimination of water,’ 
when only one of the hydroxyl groups is involved m the process. Simul¬ 
taneously with such a dehydration, either a gyration of the methylene 
radical on the common carbon axis, or a migration of the hydrogen of 
the hydroxyl to the place occupied before by the abstracted hydroxyl, 
must take place.’ 

- - 



Fig i. 


These changes require each the expenditure of a certain amount of the 
free energy in the unstable, intermediate configuration, and that of the 

’Michael, This Journal, 40, 707 (1918). The reasons there stated for the 
fumaroid stereostructures of monobasic acids apply to ail saturated organic sub¬ 
stances. 

' Michael, J prakl. Chem., |j] 52, 359 (1893). 

* The absence of an atomic symbol always implies a carbon atom. U ma turation 
» diown by one or two points over or below the stoma (Michael, J. firaH, Chem., (i) 
40, 104, 222-254 (189*)). and the shorter lines between unsaturated than between 
saturated atoms denotes that the centers of the atoms in the unsaturated group are 
newer together than those in the corresponding saturated group (Michael, T*» 

JOUXHAL, 40, 706 (1918}). 



MECHANISM OP ORGANIC REARRANGEMENTS. 795 

two possible products will be formed in which it is more completely trans¬ 
formed into bound energy and beat, i. e., in which the maximum entropy 
of the transformation is realized. This result is attained in aldehyde (2), 1 
as vinyl carbinol (i) evidently represents an intramolecularly much less 
neutralized system. 3 

The second possibility (B) in the intramolecular elimination of water 
from glycol, involves the two hydroxyl groups, which, judging from anal- 
1 The spatial interpretation given above difiirs somewhat from Erlenmeyer's 
(Ber., 13, 309 (1880)) explanation, which assumes that aldehyde is formed only through 
the intermediation of vinyl alcohol. See also Tiflcneau. Compt rend., 137, 12-60 
(1903); TilTcneau and Dorlcncourt. 1 but.. 143, 126 (1906) 

•According to Krassusky, Type A does not correctly represent the conversion 
of glycols into aldehydes or ketones The interesting researches ot this chemist on 
this subject were published in full only in Russian, and the most complete account of 
them available to the writer was found in I.iebig's Jnhrcsber , 55, 78.3 (1902) Kras¬ 
susky showed that the a-alkyltnc oxides are isumcrized by ZuCh into aldehydes or 
ketones at a much lower temperature than that of the conversion of the corresponding 
a.3-g)ycols, and that glvcols are obtained by heating the o.d-chlorohydrols with 
water m sealed tubes, while oxides are formed m the presence of PbO (ibid., 988). 
Further, that the chlorohvdrols distilled with PbO or AgtO give oxides, while aldehydes 
or ketones are obtained with ZnO, and Krassusky concluded therefore, that the forma¬ 
tion of the latter products always proceed through that ol an oxide. As the n.d-glycols 
are converted by beating with cone. 1IC1 into the chlorohydrols, Krassusky believed 
that the transformations of an a,8-glycol into an aldehyde or ketone primarily goes 
through that stage, then into the oxide, ami that the latter substances, besides the 
normal addition products, « r , chlorohvrols. may give the bypochlorousesters in small 
amounts which would decompose into HCl and an aldehyde or a ketone. The reformed 
Chlorohydrols would again yield oxides, and the cycle of above processes would go on until 
the glycol is all converted into aldehyde, ketone, or mixture of them. (See, also. 
Krassusky, J ptakL (.'hem , (j ] 64, 392 (1901}, and Kef, Ann , 335,143 (1904)!, The 
various stages of this explanation are possible only on paper The glycols are trans¬ 
formed into aldehydes and ketones under conditions of dilution of acid that the reverse 
reactions rather than the formation of ctilorobydrols would take place. Further, the 
oxides only add hydrochloric acid 111 concentrated solution to form the chlorohydrols, 
and the simultaneous formation of hypochlorites is inconceivable from the energy 
standjioint, as they would represent a spontaneous degradation in the entropy of the 
systems; moreover, this reaction has been very carefully examined without the least 
indication of their appearance (Michael, Ber., 39, 278s, 2789 (1906)). 

The isonrerixiition of the oxides by ZnCl, may proceed catalytically through the 
formation of a "polyinolccule," or by that ol an addition product with the energetic 
, reagent: 

CH, — CII, + ZnCl, —► CHi(OZnCI) — CH.C 1 —*- CH(OZnCl) - 
<—O-J CH, + HCl —► CH(OH) - CH, + ZnClt. 

The oxides are transformed more readily than the glycols, because of their much larger 
free energy content; and because compounds of the ether type lose but little of it in 
forming double compounds with line chloride, whereas the anion in the members of the 
alcohol type is accompanied by a large loss of energy as heat. That Type A isomertxa- 
tions cannot take place from the chloroliydroU and water in the presence of FbO h 
evident, at it depends on the catalytic influence of free acid. Finally, in the distiHa- 
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The rearrangements with the fatty a,j3-glycols take place with the use 
of more or less dilute solutions of strong acids, which cannot possess that 
direct, considerable affinity for water essential for the procedure accord¬ 
ing to (B). Whether the decomposition of the mono-, di-, and tri-sub- 
stituted glycols proceed according to (C) or to that of (A) depends on 
whether more energy is required to remove the separate hydrogen atom 
used in the formation of the water from an alkyl radical than from the 
axial carbon in the carbinol group. As the influence of the hydroxyl 
diminishes the affinity between carbon and hydrogen more than that of 
an alkvl group, Type A represents the process in all but the fully sub¬ 
stituted a,0-glycols. This relation has been demonstrated experimentally 
by the course of the rearrangements in the sec -tert.-glycols; for instance, 
the decomposition of methyl diethyl glycol might take place according to 
Type C, and yield methyl diethyl aldehyde, but it actually takes place 
according to (A), and gives methyl isopropyl ketone. 1 And, it is also 
proven by the behavior of unsyrn. dimethyl glycol, on heating with the de¬ 
hydrating mixture of acetic anhydride and sodium acetate, when the in- 

occurring in the corresponding cisproeess There appears to be no doubt that 
ring-formation takes place through the cis-conhgurat/on, but the question may be raised 
whether, when it occurs with the loss of a component part of the substance, it is a direct 
process between the cis groups, or a transehmi nation with a practically simultaneous 
rearrangement * 

Thus, instead of succinic anhvdnde being formed from cis-succmic acid through 
the following stages 

H,C — COOH H,C — C(OH), H.C — CO 

! 

H,C — C(X)H H,C — CO HiC — CO 

its formation may be expressed, stereostructuraily, by 




In this interpretation the long standing conflict between the stereochemical conception 
of ring-formaticm. and the experimentally established addition-elimination relations, 
i* avoided {ibid,, 1706) It may he mentioned that a third interpretation is possible. 

the dehydration proceeds through the formation of succinic monoketene, 
HOOC — CH» — CH » CO Anhydrides are easily formed intennokcularly from 
ketrnes and adds, and with the very favorable energy-spatial relations of the inter¬ 
acting groups in the ketctie-acid, a spontaneous transformation into succinic an hydr i d e 
would undoubtedly follow it* formation 

* Tiff mean and Dortemcourt, Amt. chim„ [8] 16,137 (1909). 



ARTHUR MICHAEL. 




tfermediate dimethyl vinyl alcohol becomes stabilized through the formation 
of the acetate; but the carbinol isomerizes to dimethyl acetic aldehyde 
when it is set free by saponification. 1 

The role of the acids in these rearrangements is evidently catalytic, that 
is, the first phase is the formation of a “polymolecule,”* of carbinol and 
acid. Recent investigations* liave made it probable that certain atoms, 
or groups of atoms, in a molecule show a selective affinity, even for sol¬ 
vents,* and, from this point of view, a " polymolecule" should be considered 
as possessing an intermolecular structured For instance, the relatively 
basic hydroxyl group is that component part of glycol, which should show 
the greatest affinity for an acid, and in their “polymolecule” the mole¬ 
cule of the acid should be grouped on that of the glycol, so that the acid 
radical is spatially as near as possible to one or to both of the hydroxyl 
groups.* 

The catalytic properties of acids in these rearrangements may now be 
explained. In the formation of the “polymolecules" comparatively lit¬ 
tle of the free energy in the acid and the carbinol Is lost, and that in the 
new system, which will perform the work involved in the ensuing chem¬ 
ical processes, is very much greater than that in the glycol alone. Further, 
the negative energy of the acid decreases the affinity of carbon for hydro¬ 
gen, 7 which facilitates the elimination of water, and which may be an im¬ 
portant factor in determining the decomposition of these glycols accord¬ 
ing to Type A, as the carbon of the carbinol group should be spatially 
nearer to the acid than that in an alkyl group. 

The stability of these “polymolecules” towards water should stand in 
a direct relation to the relative positivity of the alkyl radicals in the 
glycol. Therefore, with one of these groups remaining the same, it should 
increase in changing the other alkyl radical from primary to secondary, 
and then to tertiary.* According to these relations, the strength, and the 
concentration, of the acid necessary for catalysis should decrease with 


1 Tifteneau, Compl rend., 150, 1118 (19111). 

’Michael, Ber., 34, 4028 (1901}; 34, 2140, 2570; Am. Chem. 39, 3 (1909); 

41,120 (1911), This Journal, 3a, 991 (1910), 40, 1696, 1703 (1918). 

•Langmuir, A let Chem. F.rtf , 15, 469 (1916); Tins JOURNAL, 38, 122 (1916); 
39, 1848 ((917), Harkins, iM., 39, 334, 541 (1917). 

• The Writer Iwlieves that the formation of ''polymolecules" of solute and solvent 
plays an important role in the interesting phenomena described in the researches of 
Harklm (foe at ) on "The Structure of the Surface* of Liquid*." See Michael, 
J. prakt. Chem., ( 2 | 60, 429 (1899). 

• Michael, This Journal, 40, 1702, footnote (1918). 

, „ "P oly ™>l«cufe" o' substituted glycol, and sulfuric , ddj which it the arid 

Z^ds^tiT """»<"*»*». of tulfuryl radical should be 

grouped spatudly as near as possible to the faydnuyt* of the glycols. 

Michael, This Journal, 33,996 (1910). 

• Michael, J. prakt. Chem., |i] 60, 43s (,899) 
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increasing positivity of the alkyl groups, which appears to be the rule. 
And, in the direction of increasing the reaction facility, should be also the 
same relative relation in the alkyl radicals, since the affinity of the attached 
carbon for a nuclear hydrogen is decreased proportionately, while that 
of such hydrogens for the hydroxyl of the other carbinol group is corre¬ 
spondingly increased. 

The course of the elimination of water from the mono- and di-alkyl 
a,/}-glyoo1s, in relation to their structure, may lie followed from the "ad¬ 
dition-elimination” law, 1 and the "principle of partition.” 1 In agree¬ 
ment with the law, a tertiary carbinol loses water much more readily 
than a secondary of the same scries, and that derivative easier than the 
primary.* Linnemann 4 found that propylene glycol may be heated 
with water in a sealed tube to 215 without undergoing n change, but the 
addition of only a trace of hydrochloric acid to the mixture causes the 
formation of aldehyde. This behavior, which is "so excellent a proof that 
tlie decomposition is catalytic in its mechanism, shows how much easier 
the secondary carbinol group parts with its hydroxyl than the primary 
group. According to the partition principle, however, the difference 
between the direct and indirect influence of methyl and hydrogen should 
not suffice to throw this elimination process entirely in one direction, and 
acetone in a small proportion should also be formed, which agrees with 
Eltekoff’s* result, while FlawiUrky,* like I.innemann, failed to detect its 
formation. Flawitzsky,’ however, obtained apparently considerable 
methylisopropyl ketone, besides isovaleric aldehyde, in the decomposi¬ 
tion of isopropyl glycol. This result agrees with the theory; in methyl 
glycol the 3 methyl hydrogens are in the unimportant fourth positron 
to the carbon of the primary' carbinol group, while, in the isopropyl de¬ 
rivative, there arc 6 hydrogens in the very important 5 position,* which 
should give that carbinol group relatively a more secondary' character 
than methyl does the primary radical in propylene glycol. For this 
reason, in the decomposition of a monoalkyl glycol, the proportion of 
ketone to aldehyde should increase with the relative positivity of the 
alkyl group, but in amount the yield of ketone should always be much 
less than that of aldehyde. According to the "principle of partition,”* 

‘Michael, Brr., 34, 4121 (1901) 

* Michael, Tms Journal. 3a, 1006 (191°) 

* Michael and ZeiiUer, . 385, *27 (1911). 

4 /tun., 19a, 63 (078), Krassusky, Bull sec. cktm., [3] 34, 873 (1900), found 
that a number of fatty glycols could be heated with water to 240® without chance. 

* Ber , u, 990 (187a) 

* Bull. tec. cliim , |j 1 30, 535 (1878) 

1 Ber., to, a*40 (1877) , «*» (1878). 

* See "ecale of combined influence,” This Journal. 3*, 999 <«9io); 34,849 <190); 
4 ». 707. 717 <*«*»>; 41,398 (1919). 



800 


A&TBVK MICHAEL. 


the sym. dialkyl glycols with different alkyl radicals should yield mix¬ 
tures of two isomeric ketones, and, with the increasing difference between 
the ndath e positivity of the two groups, the proportion of that ketone, 
in which the more positive alkyl is directly joined to the carbonyl group, 
should increase in a direct relation to the polarity divergence of the hydro¬ 
carbon radicals. 1 Thus, theoretically sym. methyl ethyl glycol should 
yield a mixture of methyl propyl and diethyl ketones, and sym. methyl 
propyl glycol the methyl butyl and ethyl propyl derivatives, in which the 
first and third products should be in somewhat greater proportion. And, 
the relative difference in their amounts should be slightly larger in the 
ketones of the higher carbon series. 

Pinacol —► Pmacolone 5 Rearrangement in the Fatty Series. 

In the tetra-alkyl glycols, the process according to (A) is structurally 
debarred, and the mechanism of the remarkable type rearrangement to 
ketones, has been the subject of an extended discussion. The first explana¬ 
tion was given by Erlenmeyer, senior, 1 who assumed the elimination of 
water to proceed with the formation of ail unstable hydroxy-cyclopro¬ 
pane derivative, and that the ketone is then formed through the migra¬ 
tion of the hydroxyl-hydrogen to the methylene-carbon, with the open¬ 
ing of the ring The formation of intermediate ring derivatives was ap¬ 
plied to explain other, similar rearrangements, and was investigated ex¬ 
perimentally by Montague,* who found that p-tetrachlorophenyl-pinaeol 
yields a pmacolone with all the chlorine atoms still in para positions, 
whereas one of them should be in the meta position, if the reaction proceeds 
through a 4-membered ring compound. Montague concluded that a 
pinacol rearrangement never takes place through the formation of an in¬ 
termediate ring product, but such a comprehensive conclusion is hardly war¬ 
ranted by his experimental results. Erlenmeyer’s hypothesis applied to 
wholly aromatic pinacols would lead to the intermediate formation of prod¬ 
ucts with stable, 4-membered carbon rings, whose properties would preclude 
a transformation into a pmacolone under the experimental conditions. On 

1 Set J. prokt Chan,, [2] 60, 432 (1899) for the polarity grouping of the alkyl 
radicals. The subject merits a quantitative investigation, in which the scsnicarbaiide 
method (Tms Joitwal, 41, 396 (1919)) may be used 

1 It seems Inconsistent to modify the group names of certain classes of organic 
compounds to conform better with their chemical structure*, and leave chemically 
unsuitable names of other classes unchanged. For this reason, ptnacdone is used 
instead of pinacotine. 

• Bor., 14, 322 (iS8r). See, also, Couturier, Ann cktm., \ 6 ) J6, 438 (1897)1 Kef, 
318, 37 Zelinsky and Zelilww, Ba„ 34, 325, (1901); Lindner, Mmatsh,, 

4 ***• *”*• ***"*•> **i 3 ° (1902); 34, ioj (*903); as, 379, 411 ((906), The remit 
was confirmed by similar experiments of Acme (Aw Cktm. J„ »», 180 (1903)) and try 
those of Meerwdn (A«*., 396, 210 (1913)). 
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the other hand, the trimethylene ring, assumed by Erlenmeyer to explain 
the changes with fatty pinacols, would certainly be easily ruptured between 
the methylene and carbinol groups, and this phase of his explanation is 
feasible from a chemical point of view, and a pinacolone would then be 
formed. 

Thoemer and Zineke 1 observed the formation of aryl ethylene oxides 
in the decomposition of tetraphenyl and diphenyl-ditolyl pinacols by di¬ 
lute acids, and that such products may be transformed into the cor¬ 
responding pinacolones by the same reagents that serve for the first reac¬ 
tions. On the basis of these observations, Breuer and Zineke,* who had 
found analogous results with the hydrobenzoins, assumed the formation 
of substituted ethylene oxides, or less probably that of the diethylene oxides, 
as the primary phases in the transformations to ketones. Montague* 
called attention to the maeh greater stability of the oxides than the pina¬ 
cols towards the employed reagents, and expressed the opinion that definite 
intermediate products are not formed, but that the rearrangements oc¬ 
cur simultaneously with the elimination of water. And, he found an ex¬ 
perimental support to this view in Meerburg's 4 results with tetrachloro- 
bcnzopinacol and the corresponding oxide, where the reactions are of the 
first order, and where the transformation into pinacolone proceeds faster 
with the first compound An extended study of the rearrangements of 
the a.ff-glycols, and those of the corresponding aromatic iodohydrols, led 
Tiffeneau* to the conclusion that they are usually preceded by a phase of 
"desorganisation," with the formation of structurally unstable com¬ 
plexes, which reorganize to stable products, owing to the tendency of free 
valences to neutralize each other. According to this, quite generally 
accepted, view, the rearrangement of pinacol leads first to the formation 
of (CHj)j ~ C — C — (CH>)j, which may change not only into ptnacolonc, 

I 

—O 

through the migration of a methyl group, but, also, by the direct poly¬ 
merization of two groups, into tetramethyl diethylene oxide. Somewhat 
later, Faworsky* showed that on heating ethylene glycol with a small 
proportion of cone, sulfuric acid, diethylenc oxide distils off as the mam 
product of the reaction, and that when this product is heated with the 
concentrated acid it gives aldehyde. He concluded, therefore, that the 
formation of the latter substance from glycol goes through that of di- 

* Bar., ti, 68 (1878). Also. Klinger and Lonnes, ibtd., >9, a 156 (1&96). 

* daft., 19*, 148 (1879). Ertcnmcyer, Jr., ibid., jj6 , 84 (1901); Nef, tWd., 3*5, 
>41 flWH). 

* Km. trap, ckim., 24 , 105 ( 1905 ) 

* Ibid., *4, iji {1905). 

* Kte. *4*. Set., 1% 589 (1907). Bull, soc (him., [4] », uai (1907). 

' Ckem. CaUr . tarn. I n n 
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ethylene oxide. Influenced by these results, Tiffeneau* abandoned his 
previous hypothesis, and assumed that dialkylene oxides are the inter¬ 
mediate products in these rearrangements. These theoretical conclu¬ 
sions are characteristic of the tendency to base explanations on rigidly 
mechanical conceptions of valence, and to generalize from results ob¬ 
tained from a single group of substances, irrespective of the fact that 
different affinity-energy and spatial relations may appear in other, al¬ 
though anaVogaos’iy straevasd. ^sssaye.-, tivt vndifferencs. toward taking 

the known correlations into consideration that exist between the main 
chemical processes and the structures of organic substances.* 

The conclusions drawh by Montagne from Meerburg’s results are too 
general. It is permissible to conclude from the greater reaction velocity of 
tetrachloro-benzopinacol compared to that of the oxide with acetyl chloride, 
that the transformation in this case does not proceed through the oxide, 
but not to extend the conclusion to all pinacol rearrangements, even in 
the aromatic series. For instance, phenyltolyl pinacol in alcoholic solu¬ 
tion, and in the presence of a very small amount of hydrochloric acid, 
passes over into the oxide at room temperature, and the pinacolone forma¬ 
tion under these conditions should proceed through that of the oxide.’ 
Further, it is not safe to conclude from the transformation of tetrachloro- 
benzopinacol being a reaction of the first order, that the relation is true 
for all rearrangements involving the migration of an ary! group. For 
instance, although benzopinacol gives a monomeric product of dehydra¬ 
tion, the stereomeric hydrobenzoins yield dimeric products, and both the 
oxides are convertible into pinacolones, 

A comparison of the reagents and the conditions for aromatic 


and aliphatic pinaeols shows that, with one or two exceptions in 
the first group, the facility of rearrangement in the two series 
differs, considerably. With, the ammatjui ccmpauuda, straws •M'.ydtsAiafc 
agents at moderate temperatures, or concentrated solutions of strong 
mineral acids at higher temperatures, are required, while with the 
fatty substances the changes take place readily with very dil. sulfuric 
arid; pinacol itself rearranges even with a 5% solution of oxalic acid at 
ioo° * As such dilute solutions cannot be dehydrating in the sense of a 
direct affinity for water, Tiffeneaus first interpretation, which implies 
the existence of a strong dehydrating capacity in the reagent, is mani¬ 
festly in variance with the conditions prevailing with the fatty pinaeols. 

(ml)** Ckim " 41 *’ '” 6 (,9 ° 7) ‘ ^ Meerwtin ' Ann - 39 *> 2 > 5 . footnote 

1 Michael, J . prakt. Ch**., [i] 60, 283, 409 (1899), 

... , *Meerwein, Ann - 39*. 3,1 "bowed that the oxide is not the Intermediate 
<terh»bv* .n the caw of dipbenyl-diphenyicne glycol, an4 concluded that this relation 
Sudds to all pinacol rearrangements. 

• Vorfaender, Ber., 30, 2366 (1897). 
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And, the later view is not tenable for the following reasons. Faworsky 
distilled glycol with a small amount (4%) of cone, sulfuric acid, which 
leads first to the formation of the acid sulfate. This energetic substance 
is formed in the presence of a large excess of glycol, and reacts upon it; 
not intramolecularly, because the alcoholic group in unchanged glycol is 
relatively much more basic than that in the acid sulfate, and the forma¬ 
tion of a 3-membered ring derivative would involve a strong energetic 
hindrance. The second phase leads, therefore, to the formation of di¬ 
ethylene glycol, which condenses intramolecularly to the volatile, hexa- 
cyclic dielhylene oxide. The latter compound lias the property of 
uniting with strong sulfuric acid to form an "oxonium ’’salt or a “poly- 
molecule,” which on heating will strive towards conversion as far as 
possible into volatile products. As the stability of the hexacyclic ring 
has been greatly decreased through the superabundant negative energy 
in the added acid component, and, for the same reason, also the affinity 
between the hydrogens and the carbons in the methylene groups, at a 
temperature below the dissociation point into acid and oxide, a migration 
of two hydrogen atoms to adjacent methylene groups, with the rupture 
of the ring, takes place, and, with the volatilization of the low boiling 
aldehyde and the regeneration of the acid, the maximum entropy of the 
system under the experimental conditions is realized. Faworsky's idea, 
that the glycols in their conversion with loss of water into carbonyl de¬ 
rivatives ore first changed into dialkylene oxides is founded on a mis¬ 
construction of the sulfuric acid reaction, and it is untenable for the reason 
that tiie rearrangements occur under conditions (». e., heating the pinacols 
with slightly acidulated water) where the formation of oxides are not only 
precluded, but the reverse reactions would take place. And, further, be¬ 
cause under the conditions where glycol yields diethylene oxide, i. e., 
distillation with strong sulfuric acid in a small proportion, pinacol gives 
2,3-dimethylbutadicne almost quantitatively, and pinaayiow in small 
amount only. 1 

In the previous explanations of the rearrangements in fatty pinacols, 
that characteristic property of tertiary carbinols to dissociate easily, 
through the catalytic influence of very dilute mineral acids, into alkylenes 
v and water* has not been taken into consideration. That pinacol, which 
contains two tertiary carbino! groups, undergoes such a dehydration under 
the conditions of the rearrangement is shown by the simultaneous forma¬ 
tion of 2,3-dimethylbutadiene, and that small yields of ketones from ali¬ 
phatic pinacols are accompanied by the formation of such hydrocarbons in 

1 Bayer and Co., Ckem. Cenir., IQia, II. 1757. 

•Butietow, 144, *2 (1867); >&». 73 (1877); Michael and Zefcfler, 

3 * 5 , *28 (u»n>. 
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larger proportion. 1 Indeed, the butadiene is formed almost quantita¬ 
tively in the distillation of pinacol with traces of salts that react acidic.* 
The elimination phase in the pinacol rearrangement proceeds, there¬ 
fore, according to Type C,* and leads in the first step to the formation 
of dimethyl-isopropenyl carbinol, 4 which has the requisite affinity and 
energy relation in its atoms to isomerize, with the aid of the energy in 
the catalytic reagent, into pinacol me, and with the conversion of its free 
energy into bound energy and heat to a very considerable extent.* For, 
the A hydrocarbon group of the carbinol has a large content of free energy, 
then, the hydroxyl-hydrogen and the methylene-carbon atoms are In 
the spatialfy close t,5-position, which means a slight resistance to the 
migration of the hydrogen, and, finally, the affinity of the carbinol-carbon 
atom to a directly joined methyl group has been considerably lessened 
through the influence of many hydrogen atoms in important positions * 

1 Meerwein, Ann , 396, 227 (1913) 

* Bayer and Co , Chem. Centr , 191a, II. 1S54 

* Sec page 796. 

4 This alcohol was first prepared by Choupotsky and Mariutia iJ Chem. Soc 
Abs., 48, 717 (1890)) by heating the monoehloro derivative obtained in the addition 
of chlorine to tetramethyl-ethyleoe with water The reaction evidently proceeds first 
with the formation of tetramethyl-ethylenedichloride, which shows the characteristic 
property of the tert halides in splitting of baihydrlc add very readily. The tnono- 
chloro alkene is. therefore, dimethyl-isopropenyl-methyl chloride, and not chloro-tetra- 
raethylethylcne, as it is called The corresponding carbinol was also obtained by 
Courtot {Bull soc. ckim., [3] 35, 969 (1896)) in the treatment of a-a-d-triinethyl-jS.-y-di- 
hramo-butyric add with potassium carbonate in a freezing mixture To explain this 
remarkable rearrangement, leading under such mild conditions to the formation of a 
tertiary carbinol from a primary, and a secondary, bromo derivative. Courtot (ibid,, 
659) assumes shifting in the positions of the bromine atom and the carboxyl group, 
and compares the migration of COONa to that of COOE, in the forced abstraction 
of water by P t O» from ethyl phenyihydroxypivalate (Blaise and Courtot. Com pi. rend., 
141, 7*4 (1903)). The rearrangement is followed by the elimination of COi and HBr 
to form dimethyl-isopropenyl-methyl bromide. The writer can find no analogy be¬ 
tween the two reactions (see page 820), and believes that the first step in the rearrange¬ 
ment lies in the interaction of bromine and sodium, with the consequent Ions of 
COi. to form CHtBr — C(CH,) - C(CH«)», which, by addition of water, passes over 
into CHiBr—CH(CHi)—COH(CHj)t, and then into dimethyl -tsopropenyl carbinol 
by the loss of HBr 

* Pinacolone represents an intramolecularly extremely well neutralized structure 
(Michael, This Journal, 32,1004 (1910)), which accounts for its large heat of formation 
(Zoubuff, Chem Centr., 1899, 1, 5116). 

* Michael, Thjs Journal, 3a, 997 (1910). How readily a methyl migration may 
take place is well shown by the formation of syra tetramethyl-ethylene on warming 
tert.-butyl-methyl bromide with alcoholic soda (Tinier, Ann. cbm. phys , |6] >9, 
3 ** OSm))- The affinity of the alkali for hydrobcomic acid suffices in this rearrange - 
ment because that of carbon for carbon in the tertiary group, and of eyrtwwi ffig hy- 
drogen in the primary group, has been greatly diminished through the influence of the 
wany.sp aciafly n ear, hydrogen atoms. The rearrangement is favored by the formation 
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The rearrangement may be represented by 



No better proof can be advanced for the correctness of this intepretatiou 
than that the dimethylbutadiene is converted into ptnacolone' when heated 
with dil. sulfuric acid, since the first step in that process must consist in 
the addition of a molecule of water, with formation of the A-carbinol. 1 

Nonexistence of the Pinacol —► 0-Oxide Rearrangement. 

At the suggestion of Lichen,* Kohn* and Samec* examined the behavior 
of tetra-ethyl glycol, and Zumpfe* the corresponding propyl derivative, 
towards dilute sulfuric acid. Along with the corresponding A-hydrocar- 
bos\9, products of monodehydratiou were obtained, which tailed to ibsrw 
some characteristic properties of ketones, 1. e., they did not react with 
hydroxylaminc or with zinc ethyl Licben* concluded from these proper¬ 
ties that radicals larger than methyl are unable to migrate, and that, in¬ 
stead of pinacdoms , 0-alkylene oxides arc formed by the intramolecular 
addition of the hydroxyl groups in the intermediate isoalkylenyl dialkyl 
carbinols to the A-earbo® atoms. 

forces are most symmetrically distributed and which, therefore, according to the 
'‘thermocbemiad l»w of structure” (t’W , 1004), must have the largest heat of formation 
of the isomers A thermochemical investigation of the alWyknes, and of other im- 
saturated groups of derivatives, from this point of view would be of great theoretical 
importance 

1 Couturier, Ann ckim phyi, 16] s6, 493 (ifcjj) 

’ Marrutza (J CMem 3 k. Air, 58, 738 (1890)) boated this carbtnol srith dil. 
sulfuric add (1%) to ioo*. and obtained a product boding above xoo*, which he be¬ 
lieved to be a polymerisation product of the dimethyl butadiene The product un¬ 
doubtedly consisted largely of pidatdene (106°), as any isomer of the simplest poasSble 
polymer, Ci«H„, would show a very much higher boiling point. Interesting is the 
formation of the butadiene from the J-carbinol when very dilute odd (0.1%) is used, 
which is a characteristic property of tertiary carbinols (Michael and Zekller, Asm., 
$>5, si7 (1911)). A systematic investigation of the relations between the concentra¬ 
tion of the adds (see Michael and Brunei, Am Ckm. 41,118 (>909); 48, >67 (191s)), 
and the nature of solvents (Michael and Zeidler, toe. cil.) to the character and course 
of the reactions and to the structure of the organic substances, should yield theoretically 
interesting results. 

* Uonaish , *6,37 (1903). 

* WAL , in. 

•JMd.,aS, 73 *(i 907 ). 
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The first conclusion has been shown to be erroneous; indeed, Meer- 
wein 1 found that ethyl instead of methyl migrates in the pinacolcmitation 
Of ttnsym. dimethyl-diethylglycol, and Parry* that propyl and isoamyl in 
preference to methyl in the corresponding mixed glycols. According to 
the theory of the pinacol rearrangement developed in this paper, the main 
factors deciding the course of the transformation in the above-named 
glycols are: first, the relative ease of the elimination of a molecule of water 
from the tert. carbinol groups of different series; second, the relations in 
the amount of energy required to separate the migrating alkyl group, and, 
third, the heats of formation of the isomeric ketones that may be formed 
in the structural change. 

It is unfortunate that the relations of the first-named factor to structure 
have not been determined experimentally, but they may be deduced theo¬ 
retically by the application of the “addition-elimination law,”* which, as 
yet, is without an exception, and, according to which, in a series of homo¬ 
logous, isomeric or stereomeric compounds, the substance which is formed 
easier by addition from a corresponding A-derivative, will lose the ad¬ 
denda the more readily. Isobutene has been found by experiment 4 to 
add water, under the influence of dilute acids, more readily than any 
other isoalkene, and tert butyl alcohol should lose water, therefore, more 
easily than any of the homologous tert. carbinob. The second of the above 
factors is determined by the influence of hydrogen atoms in loosening the 
affinity of carbon to carbon, and this influence should grow in passing 
from methyl to ethyl and from that radical to propyl* Finally, accord¬ 
ing to the '‘thermochemical law of structure,’’' that ketone among the 
two isomers that may be formed, will have the larger heat of formation, in 
which the positive alkyl radicals are to the greater extent under the in¬ 
fluence of the negative carbonyl group. In glycols of the type (CH»)j — 
COH COH(C„H;„ + 1)2, in which n is 2 or a larger number, the elimina¬ 
tion of water should take place, therefore, more readily from the dimethyl 
carbinol side of the pinacol. Further, the influence of the hydrogen atoms 
in loosening the affinity of carbon to carbon is greater in the larger alkyl 
radicals. And, finally, of the two isomeric fnnacok/nts that may be formed, 
CH, — CO — C(C„H 2 „ + , liCHj and C B H 2 , + , — CO — C(CH,) t C„H 2 „ * „ 
tt is apparent that the positive atomic forces are grouped more symmetrically 
towards the negative carbonyl nucleus in the latter substances, which 

! ”* (‘ 9 U); also, Roxburgh and Wenanik, C. A , 8 , 3297 (1914). 

J. Lketn. Sot,, l©7 # 108 (1915). 


t™ 1 '»*•*•»■•» <«•*>;*».. X. 

uiatzs. sx,ir 7 ■ ”* **• *“ <■»■* Mw ” d -* 

• 1 > ‘ ,n,h v ‘ "* 
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should have, therefore, the larger heat of formation. In ketones of the 
above type, therefore, all the principal energy factors coincide to favor 
the migration of the larger alkyl radical, 1 and the theory explains the 
experimental results. 

In view of this relationship, it seems remarkable that derivatives of the 
type (C B Hi„ + ) )tCOH~ COH(CJI,„_, ,)?• in which tt is larger than 1 
and bilaterally of the same value, should give < 3 -o\ides and -not pmacolcmes. 
Against the formation of the oxide class of eounxiunds, it may be urged 
that the formation of 14-oxides by intramolecular addition would involve 
the very considerable expenditure of free energy necessary to overcome 
the hindrance to the formation of the 4-metnbcred ring derivative, and that 
there is no experimental precedence to support such an interpretation. 
Further, that the supposed d oxides are stable towards water at 200°, 
which is a very improbable property for a ring derivative with its affinity 
relations and its content m free energy. The small reactivity or indiffer¬ 
ence of ketones with the above structures towards hydroxylamine can no 
longer Ik- considered crucial evidence of the absence of the keto-carbonyl 
group ; not only are aliphatic ketones now known that are indifferent to¬ 
wards the reagent, but, if the products of rearrangement are keto deriva¬ 
tives, their slight reactivity would agree with their structures. 1 The 
same chemical inertia should be shown by them towards rinc ethyl, as in 
each cu-.e it depends on the reduction of the affinity relations, and the 
free energy, in the carbonyl group, by the bilateral, spatial action of large 
alkyl groups 3 

The oxidation of the supposed oxide from tetraethyl glycol was care¬ 
fully studied by Samec.* who identified diethyl-acetoacetic acid, asvtn. 
diethyl acetone, diethyl glycolic and diethyl-acetic acids, and isolated 
besides art acid, CiJW hi, of unknown structure, among the products 
formed. This chemist, although he called attention to the correlation 
of these products of oxidation to a pinacohmc constitution of the supposed 
oxide, 1 endeavored to explain their formation from the latter 
point of view,* but on the basis of untenable assumptions regarding the 

'According to Richard 1 .Inn chi m phys , (S) si, y>i (1910'') trimethyl-tert.- 
butyl glycol isomcruej. by the migration of the smaller methyl radical to hcxametbyl 
acetone A comimnson of the absolutely .symmetrical structure of that product with 
that of the other possible ketone. 1 r , CHi—CO—C(CH,i,C(CHi)i, shows that it 
should have a much larger heat of formation, and this entropy fnctoT probably out¬ 
balances that due to the larger energy factor involved m the migration of the methyl 
group Theoretically, the formation of a mixture of the two pinaeolmm seems prob¬ 
able 

* Michael. This Journai.. 41, to? (1919) 

* IM , 400-401, 

* Mannish., aft, 740 (t<>o;) 

* Ibid , 764. 
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relation of the course of oxidation to chemical structure; for instance, 
he supposed the following phases of oxidation: 

H«C — CH — O HOOC — CH — O CH, — O 

H,Ci — CH — C(C,H,), H a C» — CH — C(C,H„), CH, — C(C,H,), 

C,H, — CO ~ CJi, 

An oxide of the above structure must, in alkaline solution, in the primary 
phase, assimilate water to pass over into the 3-glycol 

CHs — CH(OH) — CH(C,Hi) — COH(C,H»),. 
which, according to the above assumption, would be primarily oxidized by 
the conversion of the methyl into the carboxyl group. 1 But, the first 
stage must evidently consist in the oxidation of the secondary carbinol 
to the carbonyl group, i. ?., into 

CHj — CO — COH(C:Hi)» — COH(C a H 6 )» 

and then into 

KOOC — CO - COH (CjH»)COH (CJf s )j, * 
which salt should be stable towards the reagent under the conditions of 
the experiment. Satnec's scheme of oxidation involves a series of im¬ 
possible assumptions, and may be disregarded, as, even if it were ac 
cepted, it is incompatible with the formation of diethyl-acetoacetic add. 
According to our present knowledge of the relation of oxidation by per- 
managanate to chemical structure, the pinacolone should pass through 
the following stages of oxidation : s 

(C»H ( )r-C—CO—CH j-CHj —*»(C,H«), —C—CO-CO—CH, —► 

(C,H,)3 — C — COOH —► (C*H,)j = C(CO — CH,)COOH. 

The diethyl-acetoacetate thus formed hydrolyzes readily to diethyl- 
acetone and diethyl acetate, and the a-hydroxv-diethyl acetate is formed 
by oxidation of that salt, as R Meyer* has shown that the methinyl 
hydrogen in the salts of such tertiary- adds is readily changed by per¬ 
manganate into the hydroxyl group. There is, therefore, no cogent reason 
for accepting an oxide-structure for the product of rearrangement of any 
tetra-alkyl glycol, and only the pinacolone transformation is known. 
Rearrangements in Aromatic a,fl-Glycol8. 

A similar interpretation of the piaacol rearrangement in those a, 0 - 
glycols, where all the kydrocarbyl radicals are aromatic, would involve an 
o-hydrogen atom, which was theoretically improbable, as was shown 
1 According to this assumption, if a mixture of a fatty hydrocarbon, and a see. 
carbinol derived from it, arc oxidized, the hydrocarbon would be attacked before the 
alcohol, which obviously would not be the case. 

*CUueckmana, Momtsh , 10, 770 (1890); Wagner, Ann., 198, 384 (1897). For 
explanation see Michael, J. prukt. Chen t , jz) 60, y56~.if>3 {1899). 

* MirWt loc. til. 
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experimentally by Montagne.' The course of the structural changes 
proceeding in such aromatic glycols with the abstraction of water is com¬ 
plicated. being dependent on the cliaracter and the numlier of the aryl 
groups, but an insight into the mechanism of the rearrangements may be 
obtained by analysis from the affinity-energy standpoint. 

When hydro-or isohydro-benzoin is boiled with a 40 r [ solution of sul¬ 
furic acid a dehydration takes [dace with the formation of stereomeric 
tetraphenyl-diethylcne oxides and of diphenyl-acetaldehyde. 8 The ox¬ 
ides (the so-called a-pinacolones) are dimeric,* and are converted, by 
heating higher (200°) with the above solution, or with conc. hydrochloric 
acid (170°), into the aldehyde; but this transformation depends on the 
strength of the acid, since acetic acid (170 0 ' gives the diacetate with the 
oxide, and a complicated decomposition results with the iso-oxide. Benzo- 
pinacol yields hcnsopiitcitohmc on warming with benzoyl* or acetyl* chlo¬ 
ride, and that the transformation is due to the catalytic and dehydrating 
capacity of the reagents is evident from the liehavior of the pinacol to¬ 
wards 40',,' sulfuric acid, or acetic anhydride, at 200°, when decomposi¬ 
tion by heat energy into licnzoplieiione and diphenyl eaibinol alone takes 
place.* Quite a different behavior is shown by diphenyl-ditolyl pinacol; 
heated («6o°) with 40' , sulfuric, or cone, acetic acid, it yields a mixture 
of pinacoloue and oxide, which, judging from analogy to the oxide from 
benzopinacol, is a monomeric product, 7 and the oxide separates almost 
quantitatively at room temperature from an alcoholic solution, which 
is slightly acidulated by hydrochloric acid. A factor, decidedly con¬ 
ducive to the dehydration through the two hydroxyl groups of these 
glycols (Type III, is the properly of aryl radicals to favor the substitu¬ 
tion reactivity of the hydroxy! group in aryl substituted methyl alcohols. 1 
i. e., to lessen the expenditure of energy required to separate it from the 
hydrocarbyi radical. They not only exert this influence to a far greater 
degree than any alkyl radical, but it increases in extent with the relative 
positive influence of the aryl group on the carbinol carbon atom.® Further, 
tlie aryl more than the alkyl radical is susceptible to a shifting in the mole¬ 
cule, since it decreases the affinity of carbon to carbon to a greater degree, 
^and this influence, too, is augmented with increasing positivity.* These 

1 Ret. trap. chitn , 31, .10 (1902) 

* Bretter and Zincke. Her,. 11, 72 (1878) 

* Auwcrs, ibid., >4, 1780 (1891) 

* Linnemntm, Ann., 133, 38 (18O5I 

* Thornier and Zincke, Bee., to, 14 73 (1877) 

* Thoemer and Zincite. U* til 

1 Klinger and bonnes, her . %% 2158 (1896) 

‘See Meerwein, .4 h» , 396, 218 (191.ll; Tiffeneau, Ann. rhrm phyi., 18] 10, 323 
(*907). 
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relations manifest themselves, for instance, in the quantitative breaking 
down of benzopinacol at its melting point (204°) into benzophenone and 
diphenylcarbinol; 1 in the migration of the aromatic, and not the aliphatic, 
radical in the transformations of mixed pinacols,* and that the more posi¬ 
tive of the aryl groups 8 shifts its position in the molecule in a pinacol re¬ 
arrangement.* The intramolecular elimination of water in the sym.- 
diaryl-glycols tends, therefore, to proceed through the two hydroxyl 
groups, 8 while the loss of water in the syro. dialkyl derivatives occurs 
through the utilization of a nuclear hydrogen atom and a hydroxyl group; 
and the hindrance to the migration of the kydrocarbyl radical is less in 
the aromatic derivatives. These two factors unite to cause the charac¬ 
teristic difference in the behavior of the sym. diaryl- and dialkyl-a,d- 
glycols; the aromatic substances yielding diaryl-aeetaldehydcs, by aryl 
migration, and oxides; while the latter class of compounds gives ketones. 
It is evident now why the structural rhange takes place more readily with 
ditolyl-diphenyl than with tetraphenyl-glycol, and why the more posi¬ 
tive tolyl radical in the mixed glycol is the migrating group.* In con¬ 
figurations the aryl-pinacol rearrangement may be represented by 




Characteristic of the aromatic glycols is the simultaneous formation of 
mono- or dimeric oxides. A clue to explain the different behavior of the 
aromatic and of the fatty glycols in this respect may be found in the stabili¬ 
ties of the oxides in the two series towards water. Ethylene oxide passes 
over into glycol when warmed with water, and the ease of conversion in¬ 
creases with the sym. replacement of tlie nuclear hydrogen by alkyl; 
enormously with unsytn. substitution* On the other hand, the replace¬ 
ment by aryl groups gives oxides showing a stability increasing with the 
number of introduced radicals; indeed, the tendency to form a monomeric 
oxide increases with accumulation of aryl groups, as is seen, e. g., by the 

1 Thoenivr and Zinckc, Bn., to, 1474 (1S77I 

* Tiffeeeau, Ann. chim. phys., |8j jo, 345 (1907); Parry, J. Chftn. Soc,, 107, 10S 

(191s). 

* Michael, lcc‘. cit. 

* Acree, Am. Gum. 33, ,& 0 (1905). 

* Meerwein, loc. cit. 

* Eltekow, Bn , |6, 395 (1883) . Michael, /. p,nkt. Chm.. (*) 60, 434 (,899). 



MECHANISM OE ORGANIC REARRANGEMENTS. 


8 n 

formation of such a product from tetraphenyl-glycol, 1 and dimeric oxides 
from the stereomeric diphenyl derivatives. 2 

In respect to the role played by the reagents in the transformations of 
the aromatic glycols, the behavior of the substances quoted above show 
that it is of a catalytic nature. Although it is only secondarily due to the 
hydroscopic properties of the reagents, the energy’ required to separate 
water from the two hydroxyl groups (Type B) is much greater than in 
the other possible two directions ((A) and (C);, as is evident from the 
character of the reagents necessary to effect it. From this point of view, 
the capability of strong acids, or of extremely energetic reagents, like the 
acyl chlorides, to cause the chemical changes through the considerable 
free energy incorporated into the reacting system by the formation of 
"polynioiecules,” will be understood, and, also, that weak acids are with¬ 
out action, since, although they may be decidedly hydroscopic, they are 
not capable of uniting in this manner with the carbinols. We may also 
follow the conversion of the aromatic oxides into aldehydes or ketones 
by treatment with the chemically strong reagents; in these cases, too, it is 
the added energy in the “polymolecule” of oxide and reagent that enables 
the chemical metamorphosis. 

Rearrangements in Aryl Iodohydrols. 

Apparently in a close relationship to the hydrobenzoin rearrangement, 
are those occurring in aromatic compounds of the type Ar.—CHOII—CHiI, 
and derivatives formed by replacing one of the hydrogens in the methyl¬ 
ene or that in the methinyl group, and both of these hydrogens, by hydro- 
carbyl radicals. 5 On treating such a derivative with mercuric oxide, or 
with alcoholic silver nitrate, an elimination of hydriodic acid, with a 
migration of the aryl group to the carbon atom which held the halogen 
atom takes place, and the intermediate enol structure thus formed con¬ 
verts itself into the corresponding aldehyde, respectively, ketone. Tiffe- 
neau,* who discovered this interesting type rearrangement, discussed 
the possible explanations, and concluded that it takes place through the 
separation of the iodine and a hydrogen atom from the same carbon 
atom.». <r., a unilateral elimination, and that the free valences in the un¬ 
stable chemical system of the type Ar.—CHOH — CH thus formed 
cause a shifting of the aryl group to the A-carbon atom. And, be sup¬ 
ported the explanation by showing that compounds of the type Ar.— 
C(OE)AJk—CHI(Alk) arc converted by mercuric oxide* into Alk- 

1 Klinger and bonnes, Brr., a$, jjjg (1*96). 

* Austen, Ibid , 14 , 1780 (1891). 

•Tiffeneau. For the literature and a general discussion of the subject, see Bull, 
w. chim ., i*j J, U05 (1907). 

*/Wd., 1307 - 1313 . 

‘ Ibid., mo. 
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C(OE) = C (Ar) Aik. There is a feature, however, ia this class of type 
rearrangement which has not as yet been explained, viz., that it depends 
on the chemical character of the reagent. It may be brought about by 
silver nitrate or by mercuric oxide, even with those iodohydrols whose 
chemical structures permit an ethylenic separation, i. e., a bilateral elim¬ 
ination of hydriodic acid. But, with such substances, the reagent com¬ 
monly used for this purpose, e., alcoholic potash, abstracts the acid 
bilaterally to form ethylenic derivatives, without the occurrence of migra¬ 
tions; and, with the substitution of the halogen by ethoxyl, when ethylenic 
tmsaturation is structurally precluded. This type of rearrangement de¬ 
pends, therefore, on specific properties in silver nitrate and in mercuric 
oxide, and a complete explanation must show why it is that only these 
reagents cause unilateral unsaturalion. Mercuric oxide has the unique 
capacity of readily replacing hydrogen, that is directly joined to carbon, by 
mercury; less in evidence is this property with alcoholic silver nitrate, but 
the monoalkyl acetylenes yield the corresponding silver derivatives with 
the reagent. 1 It would seem, therefore, that the first phase in the Tiffeneau 
rearrangement consists in the conversion of --C(OH) — CHI — into 
— C(OH) — CAgI - or (C(OH) — CI)sHg, and that the formation of 

the unstable radical, —C(OH)—C—, is due to the affinity between the 
metal and the halogen. It may be doubted, however, if the second phase 
would proceed in this manner, if a comparatively slight resistance to 
migration, as shown by the aryl group of Ar.—COH—, did not exist in the 
molecule, 1 which assists in enabling the transformation to proceed with 
an increase of entropy. 

Benzil Rearrangement 

Although this isomerization is one of the oldest known in organic chem¬ 
istry,* no satisfactory explanation of the change has as yet been given. 
According to Nef, 4 benzil adds water to form a monohydrate, which breaks 
down into benzophenone and dioxymethylene, C(OHj); the latter product 
is supposed to assimilate water and give formic odd, which then adds to 
the carbonyl group of the ketone. A more hypothetical and impossible 
cyde of chemical changes is scarcely conceivable. In the first place, 
there is no indication of the formation of a hydrated benzil, but, even ac¬ 
cepting its existence during the reaction, it is certain that alkali would 
rupture the carbon linkage between the carbonyl and the hydrated 6 
group, and in forming sodium Ixmzoate and benzoic aldehyde, a further 

1 Behai, Ann. chim. phys., |6] 15, 408 (1888); Jljuylant, Ber.. 8 , 4)0 (1875}. 

* For this reason the Tiffeneau rearrangement may not take place with the corre¬ 
sponding aliphatic iodohydrols 

‘Liebig, Ann., as, 27 (1838) 
ap8, 37a (1897), 

* Set page 8/4. 
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reaction could follow only on the latter product. Further, nothing would 
be gained by accepting the breaking up into benzophenone and dioxy- 
methylene, as the latter complex would either decompose into water and 
carbon monoxide, which could not possibly react on the ketone, or iso- 
merize to formic acid, which would immediately be converted into formate, 
and by no stretch of the imagination may that salt be supposed to unite 
with the carbonyl group of benzophenone under the conditions of the re¬ 
arrangement, Tifleneau 1 assumes the addition of a molecule of alkali to 
each of the carbonyl groups, then an elimination <>f water from the addi¬ 
tion product, and isomerization of the dipotassiutn oxo-ethylene deriva¬ 
tive thus formed to dipotassium benzsiate. Against this explanation it may 
be urged that there is no experimental evidence, nor is it probable, that 
benzil is capable of adding two molecules of alkali, or that benzilic acid 
forms a dibasic salt. Further, that our knowledge of the properties 
of the alkylcne oxides indicates that Tiffeneau’s hypothetical oxide, in¬ 
stead of being formed, would add water under the conditions of the re¬ 
arrangement; and, even accepting its formation, the reason for and the 
mechanism of the process are no clearer than before. 

Schroeter 5 supposes the primary formation of CJi s —C(OK)OH— 

CO—C»H 6 , which breaks up into CeHi—C—CO—C«H$ and KO—OH, 
then a rearrangement of the first complex into diplienvlketene, which 
reacts on the metallic hyperoxide to form potassium benzilate. This con¬ 
struction is supposed to find an experimental support in the decomposi¬ 
tion of azibenzil into nitrogen and diplienvlketene . 5 

The analogy between the breaking down of the assumed benzil-alkali 
addition product and the azi derivative is only superficial. The azi 
group is distinguished by the readiness with which it separates from car¬ 
bon, whereby the very considerable amount of free energy in the nitrogen 
group is, in passing over into free nitrogen, practically converted into 
bound energy and heat . 1 On the other hand, the substance C«Hi — 
C(OK)OH — CO — C«H», whose formation is due to the strive of the 
free negative energy in the carbonyl group and the positive of the alkali 
towards neutralization, and proceeds with the considerable conversion 
of the free energy of the system into bound energy and heat, would, in 

breaking up into C»H» — C — CO — C*H* and KO -- OH, form a sys¬ 
tem far richer in free energy; i. e., there would be a spontaneous degrada¬ 
tion of entropy, which is not possible. Indeed, the extremely strong capac¬ 
ity of the divalent carbon atom to unite with oxygen, and the strong oxi¬ 
dizing power of potassium hyperoxide, makes the reverse reaction much 
more probable; that is, such a benzil addition product, instead of splitting 

1 Rn>. tin. Sei., 1907, 585. 

‘ Str , aj45 (1911) 

* Michael, This Journal, 3a, 991 (1910); J - pmki . Chm ., i* J 64 , 4S7 (1903). 
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U p, W ouJd be formed from Schroeter's hypothetical substance and 
potassium hyperoxide. Finally, diphenylketene has not been converted 
into benzilic acid, but with alcohol, which is present in the usual prepara¬ 
tion of the benzilate from benzil, it passes over very readily into diphenyl- 
acetic ester, which compound, or the corresponding alkali salt, is not 
formed in the rearrangement. 

The affinity of the carbon atoms of the carbonyl groups in benzil for 
each other has been gTeatly reduced by the attached oxygen atoms, 1 
and the compound is easily ruptured in many of its reactions at that 
point. For instance, hydrocyanic acid possesses the catalytic prop¬ 
erty of causing certain organic substances to decompose at moderate 
temperatures, with the assimilation of water or alcohol. Benzil in alco¬ 
holic solution with nascent hydrocyanic acid at room temperature, or at a 
somewhat higher temperature with the aqueous acid, is split between the 
carbonyl groups and gives benzoic aldehyde and ester. 1 And, when it is 
treated with a strong soda solution and potassium cyanide, which mix¬ 
ture shares the catalytic properties of the acid, it is decomposed at ordi¬ 
nary temperature into benzoate and benzoic aldehyde. 3 That benzil 
shows such a contrast in its stability towards water and prussic acid, or 
soda and the cyanide, and on heating with alcoholic, or very concentrated 
aqueous, caustic potash, is due to the conversion of the CO — CO group 
under the latter conditions into —C(OK)OH — CO—.* Since the 
alkali practically neutralizes the negative energy in the carbonyl groups, it 
greatly increases the amount of energy required to separate the carbon 
atoms in these groups, while it decreases to a corresponding extent that 
necessary to rupture the carbon atom of the C(OK)OH from the phenyl 
group. 5 This change in the affinity relations permits the reaction to pro¬ 
ceed in a different direction, and with a far greater entropy increase, as, 
instead of forming a mixture of the neutral benzoic aldehyde and a salt 
of the weak benzoic acid (K, the system may now completely 

convert itself, by the trans-migration of phenyl and hydrogen, into a salt 
of the relatively strong benzilic acid (K, 92 . io _5 ),‘ and the extent of the 

1 Michael, This Journal, 3a, 996 (1910). 

1 Michael and Palmer, Ant. Chcm. J., 7, 190 fi8S.s> 

* Jourdan, Ber , 16, 659 (1883). 

* The violet coloration on treating benzil wnb alcoholic potash is undoubtedly 
dtw to the formation of an addition product, on heating the solution it disappears 
noth the formation of benzilate and benzoate, 

‘Michael, This Journal, 32, 996-998 {1910) The influence of strong, positive 
chemical energy in decreasing the affinity of carbon for carbon is a subject that de¬ 
serves far more attention in chemical theory than it has received, and a systematic 
experimental investigation of the subject would certainly yield results of great theo¬ 
retical interest. 

‘The spatial proximity (1,5) of the carbine! hydroxyl-oxygen and the acidic 
hydrogen in benzilic acid explains its large affinity constant (Michael, This Journal. 
Ht 849 (» 9 **}; 40, 70J (1918). 
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neutralization of the gTeat positive energy still remaining in the alkali 
is the dominating factor in the conversion of the free energy of the system 
into bound energy and heat. The isomerization of the benzil-alkali 
product may be represented by 




Fig 7 

This interpretation explains why benzilate is formed almost quanti¬ 
tatively, when benzil is fluxed with a large excess of alkali and but little 
water, 1 while with alcoholic potash more or less benzoate is formed at 
the same time. The alkali-benzil addition product cannot be very stable 
towards water, but must be hydrolyzed into ben2il and alkali in a direct 
proportion to the amount of water present, and increase m its stability 
proportionately to the concentration of alkali. Towards alcohol such an 
easily hydrolyzed salt must be more stable than towards water, and the 
amount of alkali-addition compound must stand in a direct ratio to the 
concentration of the alcoholate and of the alcohol. In the decomposi¬ 
tion of benzil under these varying conditions, the proportion formed of 
benzilate to benzoate must depend, therefore, on that of addition-product 
to benzil in the reacting mixtures. 

Intermediate Products in Rearrangements. 

The question of the possible existence of such substances in type rear¬ 
rangements, as are assumed in some of the above reaction schemes, has 
been the subject of considerable discussion, and will be briefly considered 
at this place from the energy-spatial standpoint. 1 

1 E. Fischer, Bcr , 14, jifi, footnote (t88i). 

* The spatial factor in intramolecular rearrangements has not hitherto been taken 
into account; not even in other kinds of intramolecular reactjons has it received nearly 
the consideration it merits. Its great importance is evident, when one considers that 
the bound energy acting through space between two atoms, stands, eel. par., in an 
inverse ratio to this distance (This Journal, 3a, 999 (1910)). 

A number of mechanical explanations of the rearrangement phenomenon have 
been given which are in direct opposition to the energy-spatial atomic relations, and 
which, for this reason, cannot be considered tenable. For instance. Lap worth (J. 
Chew. Soc., 73, 448 {1898)) explains the change of X—C a —C»-C,—Y into Y—C„— 
Ca-C Y ~X, by supposing C. to bend towards Cg. so that the single union between 
them passes over into double linkage, and by so doing X approaches C T so closely that 
it may pass over to it, along with the change of the double linkage between Cg and 
C r into tingle. A repetition of this process between C T and C« is supposed to explain 
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The unstable structure in (A) 1 in the rearrangement of glycol may pass 
aver, by the gyration of the methylene group, into vinyl carbinol (i), 
which in itself would not require a considerable expenditure of its free 
energy, but, along with the isomerization, a further conversion of free 
energy into bound energy and heat occurs at all the atoms although mainly 
at the carbon atoms with the formation of the so-called double linkage.* 
The conversion of the unstable structure into aldehyde (2) may proceed 
through that of vinyl carbinol (i), but that isomerization evidently de¬ 
pends upon the affinity of the methylene carbon for the migrating hydro¬ 
gen. This relation may be so reduced by substituting the methylene 
hydrogens by strongly positive, or by negative radicals’ that intermediate 
products of the vinol type become stable under ordinary conditions. 
The aryl group exerts such a positive influence, which explains the exist¬ 
ence of (C*H,)j—C = C(OH)C*Hs in a free state, 4 and. also, that this 
substance, and not the isomeric keto derivative, is obtained in the elimina¬ 
tion of water from triphenylglycol. 5 

The intermediate structure in type (B) 6 evidently parts with much 
of its free energy in its transformation into aldehyde, ethylene or dictliylcne 
oxide; and, also, that in (C) a in hemming a ketone; in the latter case, 
not only in the expenditure of energy involved in Lite migration of R and H, 
but because the free energy at the A-carbons is largely converted into 
bound energy and heat. It is evident that all these intermediate struc¬ 
tures loose considerable of their free energy in passing over into the more 
Stable forms, and, with tliis dynamic loss, the quality of the remaining 

rearrangements of this type, since X and Y have exchanged places in the molecule. 

The explanation is founded on the disproven van’t Hoff conception of double 
linkage (see This Journal, 40, 705, 1674 (1918)), moreover, a considerable expenditure 
of energy would be required to bring the saturated gTOttps cenleied about C a and then 
about C T into double union which occurs without any apparent connection to the 
free energy in the system. Further, the fruitless chase of X for Y, involving the over¬ 
coming of great energetic hindrances, is unnecessary, as these atoms or group of atoms 
sue not, as represented in the Lapworth diagram, separated as far as possible in the 
molecule, but are in the spatially closest positions (1 .5), without being in direct union. 
And, after all these improbable assumptions, we are no nearer to an explanation than 
before, as no reason has been given why they should occur. This criticism of the 
Lapworth hypothesis may be extended to many oilier attempts at explanations of 
organic changes that are based on the current mechanical conception of the valence 
phenomenon (see This Journal, 31, 1007 (1910)1. 

1 See page 794, 

‘Michael, This Journal, 40, 705 (1918). 

* Michael, ibid., 3a, 995-998 (1910); Ann., 363, *3 (1918). 

‘Blitz, Ann., 296, 142 (1898}; Bet., 3a, 6jt> (1899); see Michael, Ann,, 363, 23 
(» 9 ° 7 ). 

* Tifleneau, Compl. rend., 146, 29 (1908). 

* See page 796. 
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free energy, i. c„ the affinity values of the atoms or groups that may de¬ 
termine a further change, usually fall off in the same direction. For in¬ 
stance, it is obvious, that the unstable structure in (B) possesses, 
in the amount and nature of the free energy in its A-oxygen and its A-car 
bon, a greater capacity to isomerizc into an aldehyde or a ketone, than 
the corresponding ethylene oxide does, and that a further decrease, but to 
a less degree, must tie shown by diethylene oxide. It is this quantity and 
quality of the free energy in the intermediate form in (.Bj that enables 
the direct rearrangement, which, to bring about with the oxides, can be 
done only with the aid of extraneous chemical energy in a more or less 
considerable amount. 1 

The experimental conditions in the rearrangements of the a,/ 3 -glycols 
are not favorable to the isolation of intermediate structures, but this is 
by no meuns impossible in some other classes of rearrangements. 

Phenyl isonitrile isomerizes to the nitrile at a moderately high tem¬ 
perature,® and, if it were formed in reactions only proceeding at a higher 
temperature, the isonitrile would not be known. The actual tempera¬ 
ture, however, to which a chemical structure is exposed at the moment 
of its formation is not the outward, measured by a thermometer, but the 
inward—-"the internal maximum heat"®—existing before the heat energy 
generated by the interacting molecules becomes dissipated through the 
mass, and which must lie considerably higher. Evidently, what are con¬ 
sidered unstable chemical structures in some cases are so only in a rela¬ 
tive sense, since chemical affinity is dependent on heat energy, and there 
can be no doubt that some of the intermediate, under the ordinary con¬ 
ditions of experimentation, unstable forms may be isolated, if the “internal 
maximum heat" may be controlled, and the reaction would take place 
under such conditions. For instance, silver enol-aceto-bromo-amide, answer¬ 
ing to its affinity relations and its stereo structure, is a very unstable 
product, 4 and it is by no means impossible that, with the highly favorable 
energetic-spatial relations existing in the halogen and metal for interac¬ 
tion,* the decomposition may lie conducted at a sufficiently low tempera¬ 
ture to give stability to the assumed intermediate product, Clii — C(0)N. 

Unilateral Elimination and Rearrangement- 

In several of the reactions considered above a one-sided elimination 
of a group of atoms, i. e,, separation from a single carbon atom, is assumed. 
As the theoretical bearing of this important subject has been obscured by 

* Sec page 795 

* Wtilh, her., 6, a»3 (1*173}. 

* Wahl, her ,, 40, 2290 (11107); Michael, This Journal, 32, 992 (1910), 

* Moufflon, Ann chim pbys , IS) 21, 313 (1911). 

* See page 791. 
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untenable speculations, 1 it, too, will be considered briefly from the stand¬ 
point of the affinity-energy relations. 

When hydrobromic add is removed from ethyl bromide, by means of 
an alkali, a bilateral elimination of its components takes place for the 
following reasons: the affinity of the relatively negative hydroxyl group 
of the alkali is greater for the hydrogen of the methyl group, because they 
are relatively positive to those in the CH-Br radical, but the main factor 
is that ethylene must have much less free energy', *. e., a larger heat of 
formation, than the isomeric ethylidene would have. This important 
energetic relation follows from the sphere-segment theory, 3 since in the 
formation of ethylene a further segmentation of the carbon atoms occurs, 
whereby a considerable amount of their free energy is converted into 
bound energy and heat, 3 whereas in that to ethylidene, a further carbon 
segmentation is structurally excluded. These energetic relations are 
expressed in the following sphere-segment structures 1 

Fig. 8. 

What are the structural and energy' relations in an organic molecule 
that favor the existence of unilaterally unsaturated substances, and the 
unilateral elimination of a component part.'' It is obvious that such an 
unsaturated compound, with an enormous inherent motive power, than 
is actuated by' a large content in free energy centered at a single carbon 
atom, should show at that point a great capacity for intermolecular 
carbon polymerization or for inducing an intramolecular rearrangement; 
in either case with a large increase in the entropy of the system. Any 
chemical change in the structure of a complex containing a unilaterally 

‘Nef, Ann ., *98, 202 (1897). 399 , 126 (1899); 3*8, 1. 137 {1901); Tms Journal,, 
36, 1549 (1904); 30, 64,5 (1908) Net at first assumed ethylcmc dissociation only, 
but this view ted to conclusions that were irreconcilable with the most common chemical 
facts; e . g, the same product of reaction should be formed with isomeric primary, 
secondary and tertiary halides (Michael, Am Chrm J , 23, 427-30 (1901)) There is 
ao connection between the chemical nature and the structures of the suhstances and 
the course of the reactions in Net’s views, and his explanations mostly bait after the 
results of experimentation; that is, in stating to accord with them, that the process pro¬ 
ceed* through ethylenic or methylcnic dissociation, or in loth directions (see Michael, 
J, prakl. Chm., (2] 60,471-479 (1899)) Moreover, many assumptions involved in Ms 
explanations are obviously impossible. 

* This Jockwal, 40, 705,1674 (1918) 

* Ibid., 40, 705 (1918). 

* The relative proportion of the bound energy between the carbon atoms Is rep¬ 
resented by the extent of the segmentations and the sphere# represent the “co- 
volumes" or “vibratory volumes" of the atoms. 
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A -carbon atom, that diminishes the affinity of that A -car bon for itself, 
will decrease its tendency to react by intermolecular carbon polymerisa¬ 
tion. Such an influence is exerted 1 y positive, and by negative, radicals; 
especially when they are in direct union with the A-carbon, and to an ex¬ 
tent proportionate to the magnitude of the influence. 1 On the other hand, 
any change that diminishes the affinity of the unilaterally A-carbon for 
those atoms, or groups of atoms, in the molecule, that by migrating to it 
would form a more stable isomer, will decrease the tendency towards an 
intramolecular rearrangement to a corresponding degree. And the com¬ 
bined influence of both these factors may enable the unilaterally A-struc- 
ture to exist in a free state. 3 The amount of free energy at the A-carbon 
atom of ethylidene, and its affinity for itself and for hydrogen, are evi¬ 
dently too developed for the stability of such a structure, and it must 
either spontaneously polymerize to 2,,vbutylene or isomerize to ethylene. 
It is a well-known fact that aryl radicals exert an extremely strong posi¬ 
tive influence on any atom joined directly to them and that they, there¬ 
fore, reduce the affinity of such atoms for each other very materially. 
The separate existence of fully substituted, aryl derivations of methyl, and 
of similarly constituted nitrogen products, arc, therefore, interesting con¬ 
firmations of the theory. 1 And, since negative radicals also tend to in¬ 
hibit carbon polymerization, 4 there is no theoretical reason why a system 
like C(NOj1j, or perhaps one in which nitroxyl is replaced by a less strong 
negative radical, should not have a free existence, 

As a further illustration, the formation of phenylisonitrile from aniline 
and chloroform will lie analyzed, where the motive power is the affinity 
of the alkali for the halhydric acid, and which proceeds through the fol¬ 
lowing phases: 

XIICHCla Z_i£' C,.IU~ N = CHC1 ll!£' C*Hi—N = C.* 

The large free energy content in the isonitrile' manifests itself in its chem¬ 
ical properties, and the unilaterally, unsaturated compound is stable under 
ordinary conditions for the following reasons: A carbon polymerixa- 

1 This Jocbnai,. 32, vo<> (1910)- 

* J. prakl CAcm.. |i] 60, J98. 478 (1899). 

* This Jovrmm.. 3a, 997 (1910'. 

4 Ibid., 996 

* It is interesting to note that Gautier f.-1«» ihtm phys , {+) *7, .'09 (1S69,'}, who 
discovered the aliphatic citrbylamines, aligned them the divalent earbon structure. 

* This reaction proceeds exothermal!)' with a large increase in the entropy of the 
system; the increase of free energy in the isonitrile is slight in comparison to the de¬ 
crease accompanying the neutralization of the hydrochloric acid hy the base. The 
formation of the isonitrile, energetically the extropu (This Journai, 40,1707 (1918)) 
part of the reaction, is forced, as through it lies the only way that the system can realize 
the condition of maximum entropy. Similar energetic relations are frequent in organic 
ffiaettow. 
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Cion to C 6 Hi—N = C = C = N—C*Hf appears possible from the valence 
viewpoint, but its formation is enjoined by the reduction of the 
affinity between the A-carbon atoms by the negative nitrogen radical; 
similarly, an oxygen atom prevents the carbon polymerization of car¬ 
bon monoxide. Another valence possibility would be realized in a car¬ 
bon-nitrogen polymerization, to yield a 4- or a 6-membered ring deriva¬ 
tive containing divalent carbons. The spontaneous formation of tetra¬ 
cyclic ring compounds by polymerization is of rare occurrence; it takes 
place only when a very great difference exists in the polarity of the A-atoms, 
as is the case in CH S = C(COOE)2, which is also an essential condition 
for a facile polymerization to a hexacyhc derivative. 1 Further, the 
production of either of these ring derivatives is not favored by the com¬ 
paratively weak affinity relations between the unsaturated earljon and ni¬ 
trogen atoms. 

Generally speaking, there is theoretically no energetic obstacle to the 
chemical breaking up of an organic substance by unilateral elimination, 
and it is of rare occurrence only because, for reasons gi\ en above for the 
formation of ethylene from ethyl bromide, a greater entropy increase goes 
along with the bilateral procedure Such a one-sided unsaturation may 
be brought about, however, by so changing the structure of a substance, 
that no two of the groups in direct union contain atoms or groups of atoms 
that show more than a vert’ slight affinity for each other, or for the re¬ 
agent used in the reaction; while conditions favorable for the separation 
of a component part exist in a group with a single carbon atom. And, 
the relative ease with which such a unilateral elimination takes place will 
depend on the affinity of the reagent for the removed part, and on the ex¬ 
penditure of energy essential for the elimination, winch evidently, is a 
constitutive factor. 

For instance, lienzyl bromide reacts with alcoholic potash by substi¬ 
tution and yields benzyl ethyl ether, but, with the introduction of an <?-, 
or a p-nitro group, the reaction proceeds partially with the formation of 
dinitro stilbenes 1 Nitroxyl is the strongest known negative radical, and 
in these positions greatly reduces the affinity of the carbon in the CHjBr 
group for the hydrogens and also for the halogen. This influence, in de¬ 
creasing the energetic hindrance to the elimination of halhydric acid, 
evidently favors its separation from the molecule, but the negative in¬ 
fluence on the carbon atom does not suffice to prevent the polymerization 
of two molecules of the intermediate products, C*H4(NOs)CH, to the stil- 
bene derivatives. It is theoretically not impossible, however, that a 
greater accumulation of negative influence, perhaps that of two nitro- 

* Michael, J. prekt. Che m , [a] 60, 447-443 (1899) 

1 Strakosch, Ber , 6, 328 (1*73), Binding, ibid, »i, 207 » (188S); Elba and Uatwr, 
/. frail . Ckem , [1] 34, 344 (i88'>; 
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groups in ortho positions, may inhibit carbon polymerization sufficiently 
to give stability to the intermediate methylene derivative. Or, the con¬ 
version of C,H t —CHOH—CfCHO*—CODE, into C*Hr— C(COOE) 
“C(CH s )s by dehydration with phosphorus pentoxide. 1 Methyl 
alcohol is not eliminated in this reaction, owing to the very considerable 
expense of energy required to separate the methyl group from the carbon 
atom, while the unilateral elimination ol water is facilitated by the phenyl 
and the carbetboxyl group in decreasing the affinity between the earbinol- 
carbon and the hydrogen and hydroxyl. The great reservoir of free energy 
at the A-carbon in the intermediate structure, C t H& — C — C(CHj)» — 
COOE, induces a rearrangement, in which the caxbethoxyl, and not one 
of the methyl groups, migrates, because the energy' required to separate 
the first group from carbon is less, and, because the heat of formation of 
the substance thus formed is probably greater than that of the isomeric 
ester. 

The subject of organic rearrangement is far too comprehensive for treat¬ 
ment in a single paper, but it is believed that the analysis of typical reac¬ 
tions given above will suffice to enable the application of the affinity- 
energy spatial viewpoint to other chemical transformations of this nature 
without difficulty. 

CtMHbtnoC, Mams 


(Contribution from rm: Division- of Aomcn.-renAi, Biochemistry. Minnesota 
Acricvltvral Experiment Station.) 

THE ORIGIN OF THE HUMIN FORMED BY THE ACID HY¬ 
DROLYSIS OF PROTEINS. V.* 

By Boss Aiken Costner and George E. Holm. 

RK-dvrd J.ou«iy 12 . 1020 

Our earlier contributions to the subject of humin formation’ have led 
us to draw the conclusion that the formation of the black acid-insoluble 
humin on protein hydrolysis is due almost wholly to the interaction of 
tryptophane with some aldehyde or ketone and that no other known amino 
add enters into the reaction to any appredablc extent. All of our earlkr 
data have, however, involved the use of proteins, some of which were 
knowu to contain tryptophane, others from whidi this amino add is sup- 
posed to be absent. By the addition of tryptophane to the latter, humin 
formation was markedly increased and we were unable to find any other 
group of compounds which would cause this increase excepting those con- 

* Blaise and Courtot, Bull. %oc. ckm„ bl 35, *89 (1906). 

* Published with the approval of the Director as Paper No. 19}, Journal Serb* 
of the Minnesota Agricultural Experiment Station. 

* This Journal, 37, 1630-1636 (1913); /. BM. Chan., a6, 177-204 {1916}; Tins 

Journal, 39,2477-2*01 (1917); , 42,632 (1920). 
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ta ining an indole nucleus. Nevertheless the fact remained that there 
was still a possibility of error in our chain of evidence due to the fact that 
it was necessary for us to assume that the proteins with which we were 
working either contained or did not contain certain amino acids. It 
was likewise possible that they contained substances which inhibited humin 
formation. 

While a large mass of data has been accumulated regarding the nature 
of the protein molecule, there are many things still to be elucidated; and 
it is, therefore, unsafe to assume too much regarding the amino add con¬ 
tent of a protein, like gelatin for example, when the known amino adds 
actually separated total only a 44 6% recovery. 1 Our inadequate knowl¬ 
edge of the protein molecule is still further demonstrated by the recent 
discovery of Dakin,* who found to 5% of 0 -bydroxyglutaniic add in 
casein. This finding is all the more remarkable because of the fact that 
it was found in such quantities in casein, a protein which has been more 
exhaustively studied than any other. 

We recognized this weakness in our argument and stated.* “We are, 
therefore, firmly convinced that of all the known hydrolytic products 
of proteins, tryptoplane alone is concerned in the reaction which pro¬ 
duces black insoluble humin, but that this reaction cannot take place 
without the presence of some as yet unidentified component of the pro¬ 
tein molecule. There is. however, one further method of testing this 
statement, t. e., to prepare all of the known amino adds in an absolutely 
pure form and then mix them in different combinations and boil these 
with hydrochloric add both with and without the addition of aldehyde. 
If (a) pure tryptophane plus a*l of the other known amino acids does not 
produce a trace of insoluble humin when boiled with hydrochloric add, 
but does produce humin when aldehyde is added and if (6) all the amino 
adds excepting tryptophane do not produce a trace of black insoluble 
humin either with or without the addition of aldehyde and if (c) trypto¬ 
phane plus aldehyde produces the humin with the same ease when used 
alone or in the presence of any or all of the other pure amino adds, then 
our thesis will be definitely proven.” We have now completed this ex¬ 
periment and this paper details the results. 

Experimental. 

As indicated above, our problem was to ascertain the amino add re¬ 
sponsible for humin formation when a protein is hydrolyzed by strong 
adds. Inasmuch as one can never be sure of the exact quantity of each 
amino add which is present in a given protein, we have prepared 15 amino 

* R. H A. Dimmer, “The Chemical Constitution of the Protein* I. Analysis." 
Longmans, Green and Co , 191a, p 61. 

* Bieckm - }., n, *90-317 (1918). 

* This Journal, 39,9498-9 (, 9 , 7). 
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adds from various sources and by various methods and, after assuring 
ourselves of their purity, we have mixed them in certain combinations 
and subjected the mixtures to acid hydrolysis 1 both alone and in the pres¬ 
ence of formaldehyde. We had hoped that we could make the experi¬ 
ment using all of the known amino acids, but at the time of making the 
experiments we did not have certain of the rarer ones, such as oxyproline, 
oxytrvptophane, dioxydiamino-suberic acid, diaminotrioxy-dodecanoic add 
and the new oxyglutamic acid. We did, however, have 15 amino adds 
at our disposal and inasmuch as the results which we obtained are so com¬ 
pletely in accord with our earlier findings, we are convinced that the re¬ 
sults would be unchanged even if the remaining amino acids had been in¬ 
cluded. Oxytryptophane would probably act like tryptophane, and the 
others would certainly react similarly to their analogues which we tested. 
The amino adds which we used, their source and the quantity which was 
present in each of the 4 hydrolyses, are given in Table I. In addition to 
the amino acids given in this table, tyrosine was added in Expts. I, II 
and III, and tryptophane was added in Expts. I and II. The plan of 
the experiment was as follows: 

Erpt. I.—To the 13 amino adds listed in Table I were added 0.1000 
g. of tyrosine (7.74 mg. of amino nitrogen) and o 1000 g. of tryptophane 
(6.86 mg. of amino nitrogen and 6.86 mg. of non-amino nitrogen). After 
adding 100 cc. of 20% hydrochloric add the mixture was boiled (or 34 
hours, using a reflux condenser. This experiment corresponds to the 
hydrolysis of a protein of the composition shown in the second column 
of Table II. The hydrolysate was then analyzed more or less completely 
according to the Van Slyke method* with the modification that the humin 
fraction was estimated in 3 parts, as we have already suggested should 
be done, 1 

The data resulting from this analysis are shown in Table III. 

Bxpt. n.— Expt. I (using all 15 amino adds) was repeated with the 
exception that o. 10 g. of formaldehyde (in the form of trioxyniethylene) 
was added before the hydrolysis began. We have already pointed out 4 
the fact that formaldehyde in small quantity markedly increases the 
amount of humin nitrogen formed in a protein hydrolysis when certain 
amino acids are known to be present. The percentage composition 
if>{ the mixture hydrolyzed is given in Table II. The analytical data are 
shown in Table III. 

1 Perhaps "hydrolysis" b a misnomer in this instance inasmuch as the amino 
acids are no longer combined with each other in peptide linkages. 

* /. Btol Chen., 10,15-55 (inn). 1*, 175-984 (19**)- 

* Thus Journal, 39,9480 (1917). 

* to *V., 39. 9477 -zsoi 
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38 xjrt.:in.—To the 13 amino acids enumerated in Table I we added 
O.iooo g. of tyrosine (7.74 mg. of amino nitrogen) and o. 10 g. of trioxy- 
nwtbvlene. The mixture was then boiled with 100 cc. of 20% hydro¬ 
chloric acid for 24 hours. It will be noted that Expt. Ill differs from 
Expt. II only in the fact that no tryptophane was present. The per¬ 
centage composition of the mixture hydrolyzed here is given in Table II. 
The analytical data on this hydrolysate are shown in Table III. 

Expt. IV. —To the 13 amino acids listed in Table I we added 0,10 g. 
of trioxymethylene and boiled with 20% hydrochloric acid for 24 hours. 
This experiment differs from Expt. II in that neither tyrosine nor trypto¬ 
phane was present. The percentage composition of the mixture hydro- 
lyaed is shown in Table II and the analytical data on the resulting solu¬ 
tion are shown in Table III. 


Table I.—Showing the Amino Acids Used in this Investigation, their Sources, 
the Quantities Used in Each Experiment, and the Milligrams of Amino 
Nitrogen and Non- Amino Nitrogen Present 


Ammo uid. 

Source 

Amount 
ti*ed 
in each 
expert' 
meat 

G 

ToUJ. 

N. 

Mg 

Amino, 

N 

M, 

Non- 

wmino, 

,N, 

Mg 

Aspartic add.. 

Kahlbaum 

0.1250 

13.16 

13 16 


Arginine*. 

. Gelatin and casein 

0.0562 

18.10 

4 S 3 

13.57 

Alanine. 

. Silk 

O.I2JO 

19 66 

19 66 


Cystine. 

. Human hair 

0.2500 

29 1.1 

2913 


Glutamic add hydrochloride . 

. Gelatin and casein 

O .2000 

15 30 

15 30 


Glycine. 

. Silk 

0 2500 

46 6j 

46 65 


Histidine dihydrochloride 

Blood 

0 2500 

46 05 

15 33 

30 70 

leucine. 

Gelatin and casein 

0 1230 

U 36 

13 36 

. s 

Lysine dihydrochloride. 

. Gelatin and casein 

0.0300 

3.84 

3.84 


Proline. 

. Gelatin and casein 

0,0500 

5 88 


3-88 

Phenylalanine hydrochloride,.. 

. Gelatin and casein 

0.1250 

8.69 

8.69 


Serine. 

Syntlietic 

0 1230 

16 68 

16 68 


Valine. 

* 

O.IOOO 

11.96 

11,96 

. 4 . 

Unknown*.. 



4 52 

1 84 

2.68 


Total. 1 .81 it 253 .88 300.0s 52 83 

* Our arginine woe prepared by the Kosscl separation. Inasmuch as we could not 
use the nitrate or picrolonate to separate it because of the nitrogen contained in these 
salts, we tried to prepare a pure hydrochloride but experienced difficulty in procuring 
sufficient crystalline material. We therefore used our arginine fraction in this work, 
attaining the solution for arginine by Van Sly Ice’s method, and found that while it was 
largely arginine it also contained a small amount of some other amino acid. This is 
certainly cate of the bases for tlie arginine was precipitated twice by pliospbotungstk 
acid before the silver separation was made. This residual nitrogen is reported in the 
table as "unknown." 

‘ We are indebted to Dr. C O Johns of the Bureau of Chemistry for this sample of 
WliJne, 
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Tab u3 II —Showing the Percentage Composition op the Mnmntt op Amino 
Acids Analyzed in Expts r-IV Inclusive. 

Percentage of each «c id present in 



■hints 

I and II 

YrT 

Erpt 

IV 

Aspartic acid 

6 65 

7 03 

7-43 

Arginine 

2 90 

3 16 

3 35 

Alanine 

<> 65 

7 0^ 

7 45 

Cystine 

n v 

14 0 <, 

14 89 

Glutamic acid 

** M 

9 01 

9 55 

Glycine 

n 31 

14 05 

14 89 

Histidine 

9 0* 

9 5* 

10 13 

Leueinc 

6 (><. 

7 04 

7 45 

Lysine 

1 fW> 

1 1 2 

1 19 

Proline 

2 W. 

2 81 

2 98 

Phenylalanine 

S 45 

5 

6 10 

Serine 

6 65 

7 oi 

7 45 

Valine 

s V 

62 

5 96 

Unknown" 

I 06 

1 12 

1 19 

Tryptophane 

5 32 



Tyrosine 

$ 3 7 

5 62 


Total 

99 c>K 

100 00 

IOO 03 

* l aiculntcd as ’/» lvsmc and 1 

1 tustiriuu. 



Table 1 H Showing Cfrtain or the Analytical Data Obtained in Exits 


I to IV 




Ftp! 

’i r 

ay,t E*^t 

Ammonia N 

I 80 

0 so 

3 90 4 50 

Insol humin N 

O OO 

1310 

O 00 0 OO 

Sol humin N 

O 20 

s 00 

5 40 0.30 

Phospbotungsue acid humin N 

5 jo 

3 98 

3 20 3 is 

N in bases 

84 50 

bo 08 

89 So 77.00 

Amino N in liases 

J,<i 44 

13 to 

18 65 13.32 

N in filtrate from base* 

179 ao 

iRp 00 

ISO 08 165 JO 

Amtno X in filtrate from bases 

'73 4*> 

177 42 

145 Ro 160 87 

Total N recovered 

271 00 

at>8 9A 

2.52 3» 250 33 

Per cent N recov eted 

98 78 

98 04 

06 .84 99 OO 

Color Observations. - After 

the completion of 

the 2 

4 hours' boiling 


there were marked diffciences in the appearances of the solutions in the 
flasks. No. II was an intense black color, beiug caused by solid black 
particles suspended throughout the solution. No I contained no solid 
particles but had a dark red-brown color. No. Ill was light red-brown 
but contained no solid particles, while No. IV was a clear light straw- 
colored solution. 

After the removal of the “soluble homin’’ by calcium hydroxide 
certain differences were still apparent. No. I was still a fairly dark red- 
brown solution. No. II was distinctly red-brown, but much tighter than No._ 
I, No. Ill was a still lighter red-brown and No. IV was a very pate yellow. 
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Upon the addition of phosphotungstic acid all color was removed from 
each of the solutions, 1 the resulting filtrates being the pale straw color 
usually obtained. The basic phosphotungstates were white in Expts. 
Ill and IV, but distinctly grayish in Expts, I and II. This color was re¬ 
tained by the barium phosphotungstate precipitate which was buff colored 
in the case of Expts. I and II and practically white in the case of Expts. 
Ill and IV'. The nitrogen remaining in this precipitate has been reported 
in our tables as “Phosphotungstic actd lnimin.”’ 

Discussion. 

The Acid Insoluble Humin.—It is this fraction with which we are 
principally concerned. It will he noted by reference to Table III that 
the only experiment which yielded any insoluble humin nitrogen was that in 
which both tryptophane and aldehyde weie present and that the nitrogen 
secured in that fraction amounted to qs s r f of the tryptophane nitrogen 
which had been added. There can be no further doubt, therefore, but that the 
black insoluble humin of protein hydrolysis is derived from tryptophane. 
We are still in doubt as to the exact nature of the chemical reaction by 
which humin is produced in the hydrolysate of a purified protein. Whether 
or not this reaction is identical with that caused by the deliberate addi¬ 
tion of an aldehyde to the hydrolysate can only be determined when we 
know the structure of the resulting products formed in the two cases, and 
We are continuing our investigations along that line. 

The Acid Soluble Humin.—We have presented certain evidence in 
our earlier paper 3 which indicated that the “soluble humin” was derived 
from tyrosine. It will be noted that in our present experiments only 
those hydrolysates which contained both tyrosine and aldehyde yielded ap¬ 
preciable amounts of soluble humin. The recovery was not quantitative 
due to the appreciable solubility of this soluble humin. Another method 
of demonstrating that the soluble humin is derived from tyrosine would 
be to determine tire amount of tyrosine remaining in the “filtrate from 
the bases ’ in each experiment. Folin and Denis 4 have proposed a method 
for the colorimetric estimation of tyrosine. We have utilized this method 
in estimating the tyrosine remaining in our “filtrates from the bases” 
and find the following figures for Expts. I, II and III after correcting the 
readings by subtracting the value of such color as was developed in the 
filtrate from the bases in Expt. IV' where no tyrosine was added: 

1 The color was the first material to precipitate when pbosphotungstie add was 
added and this portion of the precipitate did not re-dissolve when the flask containing 
the precipitated bases and solution was warmed on the water bath, 

^ ‘For a discussion of this fraction sec Gortrier and Holm, This Jouk.v/o., 39, *483 

, * Ibid., 39, *4« s (1917). 

4 /. Biel. Chm., 11, (1917), 
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Tyrosine added Tyrosine IoujkL 

Expt Mg Mg 

I. . . 100 98-93 

II. 100 None 

III . . , 100 None 

These figures, taken in conjunction with the figures for soluble humus 
nitrogen, prove conclusively that that fraction is produced by the inter¬ 
action of tyrosine and the aldehyde. 

The Phosphotungstic Acid Humin.—Our present series of experi¬ 
ments gives no clue as to the origin, of this fraction inasmuch as it is present 
in all experiments in about equal amount. It may represent only an ad¬ 
sorption phenomena. 

The Ammonia Fraction.--This fraction presents certain very in¬ 
teresting figures. It has tieen commonly supposed that cystine is quite 
readily deaminized by acid hydrolysis, but our data do not confirm this 
belief. The 1.80 mg of ammonia nitrogen in Expt. I represents pure 
deamination. The larger figures in Expts. Ill and IV represent the 
increase in volatile amines, etc., due to the presence of formaldehyde in 
the hydrolysate* while the decrease in ammonia in Expt. II is an exact 
duplication of our findings when a protein containing tryptophane (fibrin) 
was hydrolyzed in the presence of formaldehyde. 5 Further work must 
be done Indore this interesting phenomena is elucidated. 

Summary. 

In order to secure further evidence on the nature of humin formation, 
15 pure amino acids were mixed in various proportions and boiled with 
20% hydrochloric acid Iwith in the presence and in the absence of for¬ 
maldehyde. The following conclusions are evident: 

1. The black insoluble humin is derived from tryptophane, and when 
the proper ammmt of aldehyde is present is a quantitative measure of 
the tryptophane present. 

2. The “soluble humin” formed in the presence of formaldehyde is 
derived from tyrosine. It is not a quantitative measure of the tyrosine, 
due to the appreciable solubility of the resulting humin. 

3. No evidence was secured as to the nature of the “phosphotungstic 
acid humin.” 

4. Cystine was not readily deaminized under the conditions of the ex¬ 
periments. 

* 5. When Ixitli tryptophane and formaldehyde are present in the pro¬ 
portions necessary for the maximum formation of insoluble humin there 
is less deamination, as measured by ammonia formation, than when 
either the aldehyde or the tryptophane is absent from the hydrolysate. 

>T MlHKKIMTA. 


1 Gortnex and Holm, This Journal, 39, 2486 < 1917). 
* Gortner and Holm, tot. cit ., p. 2481, Fig. 1. 
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Introduction. 

Until recently the literature on arsanilic acid, though extensive, has lieen 
rather meager as regards the exact details for preparing the acid. Irately 
Fichter and Elkind 2 have given brief directions, and Kobe/ 3 has described 
in detail a method for which he claims a i° r c yield. We have obtained, 
however, only fair results using Fichter and Elkind’s method and decidedly 
poorer results following Kober's directions 

The usual procedure in making arsanilic acid is to heat arsenic acid in 
an excess of aniline at i8o° or higher for 2 or 3 hours After conducting 
numerous experiments we have found that it is distinctly advantageous 
to use a large excess of aniline, thus keeping the reaction mixture fluid, 
and to work at lower temperatures and increase the time of the reaction, 
thus avoiding the formation of tarn,- impurities The final procedure 
adopted is as follows. 

Experimental. 

Preparation of Reagents. - The arsenic acid was prepared by either 
of the following methods. 

1. Pure arsenious oxide was oxidized with nitric acid. The resulting 
solution was evaporated over a free flame until the temperature of the 
liquid was 160°. It was then evaporated to dryness by heating in an elec¬ 
tric oven at 120°. 

2. Pure arsenic pentoxide (AsjO,) was dissolved in water and the solu¬ 
tion concentrated over a free flame and dried as in 1. 

Crude arsenic acid (76%) evaporated as in 1 may be used. The aniline 
was dried over caustic and redistilled. 

Procedure. —47 g ('/, mol.) of dry arsenic acid was placed in a 300-cc. 
Kjeldahl flask, 152 cc ( s /» mol) of aniline added and the mixture heated 
in a paraffin bath for 12 hours. The temperature of the bath was kept 
at i5o !, -i6o°. At a temperature of about no 0 the mixture solidified 
and then slowly melted and remained liquid throughout the subsequent 
heating. After heating, the mixture was poured into an 800 cc. beaker 
and the flask rinst-d out with 200 cc. of hot water, the rinsings being added 
to the beaker. 60 cc. of 6 A r sodium hydroxide solution was then poured 
1 This work was done under the Grant of the U. S. Interdepartmental Social Hy¬ 
giene Board, of Washington, D C , Dr. T A Storey, Secretary. 

*Ber., 49, 239 (1916). 

* This Journal, 41, 451 (1919). 
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into the flask, removing by this means any last traces erf the product, and 
then added with vigorous stirring to the reaction product which had been 
cooled to room temperature. The whole was now poured into a separatory 
funnel. The upper layer consists mainly of aniline, from which 90% of 
the excess aniline used can be recovered by steam distillation. The lower 
layer containing the sodium arsanilate was drawn off into a beaker 15-30 
g. of infusorial earth was added and the solution filtered by suction, re¬ 
moving by this means any suspended aniline. To the filtrate, which was 
very light pink or colorless, 50 cc. of 6 N hydrochloric acid was added, 
and on standing a short time the arsanilic acid separated out as a colorless, 
finely crystalline precipitate. It was often necessary to stir the filtrate 
vigorously as there is a marked tendency for it to become supersaturated. 
Congo red paper may be used to indicate when sufficient acid has been 
added. 

The filtered precipitate is pure enough for most purposes. However, 
it was usually recrystallized once from hot water with the addition of a 
small amount of animal charcoal. Prepared thus the product was usually 
perfectly colorless. The average yield of dry, recrystallized product was 

The results of several analyses are given below, the samples having 
previously been dried under diminished pressure at 6o°. The nitrogen 
was determined by the Kjeldahl-Gunning method, the arsenic by Ewins M 
method, the latter slightly modified in that the iodine used for titration 
was standardized each time against a blank to which a known amount of 
arsenious oxide had been added. 



A, 

% 

N. 

% 

As 

%. 

N. %. 

Product Sample A .. . 

33 

61 

6 

jo Product Sample B . . 

34 

57 

6-35 

* 

34 

37 

6 

3 i 

34 

11 

6 39 


33 

7 * 



34 

58 

<5 35 

Averages, 

33 

9 « 

6 

31 Averages, 

34 - 

4 * 

6 36 


Calc.. 

As, 60%; N, 6 4S%. 





Conclusions. 

The process described seems simpler than any heretofore published 
and can be carried out fairly economically, since 90% of the excess aniline 
can easily be recovered. The yields are as good as if not better (since they 
$re based on pure dried recrystallized product) than those obtained by 
other investigators. We advise against making the arsanilic odd in large 
amounts unless efficient stirring is prodded for. 

Madison, Wta. 


* J Cum. Sot., 109, ' 35 * (*9'S)- 
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1 . Introduction. 

It was shown in a preliminary paper 1 that a keto-phosphonic acid was 
formed by the interaction of phosphorus trichloride, an a,0-unsaturated 
ketone and glacial acetic add. By substituting acetic anhydride for the 
add it has been possible to prove that the first step in the reaction consists 
of the 1,4-addition of phosphorus tridiloride to the unsaturated ketone - 
C.H.CH - CHCOC.H, 4- PCI, —► C,H,CH — CH - CC.H, 

I I 

C!,P-O 


Such an addition is novel in that it involves adding only a single atom 
instead of the usual i atoms or groups. This single atom by increasing 
its valence unites with the ends of the conjugated system. 

The mechanism of this reaction was difficult to establish because the 
reaction is reversible, the product is as sensitive as phosphorus pentachlo- 
ride, and most reagents not only attack the chlorine atoms, but also open 
the ring. However, with acetic anhydride it was possible to obtain pro¬ 
ducts in which the ring was still intact and to prove definitely their structure. 

The Intermediate Products Formed with Acetic Anhydride. 

Phosphorus trichloride, benzal-acetophenone, and acetic anhydride 
react rapidly at room temperature giving acetyl chloride and a material 
which readily reacts with water, producing the keto-phosphonic acid. This 
intermediate product was obtained as a thick oil. It is a mixture of a 
substances—an acid chiwide (I), and an acid anhydride (II). With water 
these compounds immediately form the keto-phosphonic acid described 
in the earlier paper: 


CiHtCH — CH — CCtH, 


+ JH.O 


a ~ (i). 

C.H.CH — CH - CC*H, 


C,H„CH — CH,COCJL 

I 

P - O + HCI 

ot° h 


l / 5 


o 


CtHtCH — CH - C - C.H. 

(II). 

1 Tms Journal, 39, *679 (1917). 


+ jHjO —► QHiCH — CH,COC»H* 

i 

3 P - O 

1\qm 
OH°“ 
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Tbe hydrogen chloride produced in this reaction is a measure of the rela¬ 
tive amounts of acid chloride and acid anhydride. If one molecule of 
acetic anhydride is employed in the initial reaction, the product is the acid 
chloride (I); if an excels is used various amounts of tbe anhydride (II) 
will also he formed (Equation b). 


CHECH -- CH - CCHE 

| ! f (CHjCOWj 

cup -o 


CHECH - CH - CCHE 
2 I I 

Clot* -O + (CHjCOljO 


CHECH — CH - CCHE 


CIOP-- 


(a) 

+ 2CH.COC1. 


/CHECH — CH - CC.HAO 

( ,-i ), 

\ G +*< 


<M 

4- 2 CHXOCT 


The acid chloride and the acid anhydride are both unsaturated com¬ 
pounds. This follows from the fact that they combine with one molecule 
of bromine without the evolution of hvdrobromic acid. The position of 
the double linkage was established by treating the resulting dibromide 
with water, a fi bromoheto-phosphonic acid (III) and hydrogen bromide 
were formed The equation for the reaction of the acid chloride is as fol¬ 
low-, (with the anhydride the reaction is. of course, essentially the same): 


CHECH — CH - C — CHE 

i ! 

P -O f Br, 

■v 

Cl 


CHECH — CH BrCBrCHE 


1,0 


CtHiCH — CHBrCOC.H, 

i^° 

P.--OH 
X)H 

unj 


+ HBr 


'\ 0 

Cl | + 2 IE' 
CtHiCH — CHBr—CBfCHE 

'•S° ! 

P^-OH OH 

X)H 

Unstable intermediate product. 


Phenol reacts with the acid chloride forming 2 substances—a mono- 
phenyl ester of the keto phosphonic acid (IV) and a phenyl ester of an 
unsaturated cyclic acid (V) In the first case the ring is opened (prob¬ 
ably by the hydrogen chloride), but in the second the add chloride is simply 
* transformed into the corresponding phenyl ester 

The constitution of the ester represented by Formula V was established 
in exactly the same way as that of the add chloride (II), The substance 
is an unsaturated cyclic compound because it combines with bromine 
and because it can be transformed by adds or bases into tbe monophenyl 
ester of the keto-phosphonic add. The ring is more stable in this ester 
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(l) C.H.CH — CH - C— Cfl, 



■o 


+ C«HtOH 


CJ3.CH - CH - C — CtHt 

i ! 

P -o 



OC.H, (V) 


CtHtCH — CH^OCJI. 


pi-OOH, 

xa 


C«H»CH — CHjCOCiHi 

I/O 

P^-OC«H, 

X)H 


(IV) 


than in the acid chloride. The position of the unsaturation was shown by 
transforming the bromine addition product into a monophenyl ester of 
the 0 -bromoketo-phospbonic acid (VI) These transformations are 
summarized below 


C.H.CH — CH - C — CA 

I I 

p-Q + Br, 



OC.H. 

HQ at ioo* 
or KaOH in alcohol 


CfHjCH — CHBr — CBrC«H t 

I I 

p-~Q 



OC.H. 


^ -f HiO 


CtBiCH — CHiCOCtHi 
I/O 
P^OOH, 

X)H 


C,H,CH — CHBr — COC.H, 

I/O 

P^OC.H, 

X»H 

(VI) 


The nature of the intermediate product formed when acetic anhydride 
is used, >$ thus definitely established The reactions with water, bromine 
and phenol conclusively prove that the material is a mixture of 2 unsatur¬ 
ated cyclic compounds—one an acid chloride, the other the corresponding 
anhydride. Both of these compounds contain the linkage —C — C “ C— 

! i 

p -o 

since they are still unsaturated although formed by an addition reaction 
and since they combine with water forming the keto-phosphomc acid. 

Structure of the Bromine Compounds. 

The structure of the /J-bromoketo-phospbonic add (III) and its mono¬ 
phenyl ester (VI) is of importance since the position of the double bond in 
the intermediate compounds was established by reference to these sub¬ 
stances. The position of the bromine atom was shown by synthesizing 
these substances from o-bromobenzal-acetophenone, phosphorus trichlo¬ 
ride and glacial acetic acid: 
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UH.CU - CBrCOCbH, + PCI, + 2 CH 4 COOH —*■ CdhCH — CHBrCOC»Hs 

P^-OH + 3CH.COC1 
XJH 

The / 3 -bromo acid (winch can also be prepared by bromination of the 
keto-phosplionic acid) is unstable in aqueous solution It decomposes 
slowly into benzal-acetophenone, hydrogen bromide, and metaphosphoric 
acid 

C«H,CH — CHBrCOC.H, CdhCH - CHCOCdh + HBr + HPO, 


This decomposition is instantaneous m alkaline solution It is similar 
to the loss of hvdrobromic acid and carbon dioxide from such j 9 -bromo 
acids as d-bromo bydrocinnamic acid. Fortunately tlie phenyl esters of 
the acid are much more stable and the monophenyl ester can be dissolved 
m sodium carbonate without decomposition These esters are readily 
formed from the acid b\ the action of thionyl chloride and phenol. 

Because of its sensitiveness, the /j-bromo acid could not be isolated from 
the product of the reaction of phosphorus trichloride on the bromobenzal- 
acetophenone The crude material was. however, treated with thionyl 
chloride and phenol and thus converted into the more stable monophenyl 
ester (VI) which could be obtained in a pure condition This ester was 
identical with that obtained from the transformations of the cyclic ester 
(V), it was also identical with the ester prepared from the d-bromoketo- 
phosphonic acid. This acid, in turn, was shown to be the same whether 
prepared by bromination of the keto-phosphonic acid or from the dibromide 
of the cyclic add chloride. The structure of all the bromine compounds 
involved in this work was thus established 

The Mechanism of the Reaction. 

The structure of the compounds formed with acetic anhydride (I and 
II) proves conclusively that the fundamental process in the reaction is 
the addition of the phosphorus atom to the ends of the conjugated system. 
This addition involves the increase of valence of the phosphorus atom from 
3 to 5. It is the type of adddition reaction illustrated by the combination 
of phosphorus trichloride and chlorine or ammonia and hydrogen chloride. 
Such addition reactions, involving the increase of valence of one atom, 
are rare in organic chemistry, they have not hitherto been noted with con¬ 
jugated systems, although it is possible that some reactions erf tervafcnt 
nitrogen compounds and quadrivalent sulfur atoms may take place in the 
same manner. 

The first step in the reaction in question is the formation of a 1,4-addition 
compound In this compound the chlorine atoms ate more reactive than 


P^-OH 

X>H 
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in phosphorus trichloride and it behaves more like phosphorus penta- 
ehtoride. With acetic add the compound forms at once the phosphonic 
add and acetyl chloride just as phosphorus pentachloride gives phos¬ 
phoric add and acetyl chloride. With acetic anhydride, the acid chloride 
II is produced. In glacial acetic acid this same intermediate compound 
is probably first formed and then the phosphorus oxygen ring is opened 
by the acetic add or some hydrogen chloride which is always produced in 
small amounts. 

kike many primary addition compounds, this addition compound is 
unstable and easily reverts to its factors. If the unsaturated ketone and 
phosphorus trichloride are mixed together and then treated with water, 
only a trace of the keto-phosplionic acid is produced. With a reagent 
like acetic add or anhydride, however, the addition compound can react 
faster than the phosphorus trichloride, and under these conditions the 
reaction goes to completion. It will be shown in a subsequent paper that 
in the case of saturated aldehydes and ketones a 1,2-addition compound 
is formed, but in this case the intermediate product is more stable and larger 
yields of the phosphonic add can be obtained by the direct treatment 
with water. 

II. Experimental. 

Reaction in Glacial Acetic Acid. 

The keto-phosphonic adds described in the preliminary paper' were 
prepared by allowing the reaction to proceed in glarial acetic acid and then 
pouring into water. In this way very good yields of phosphonic acids 
were obtained from benzal-acetophenone, amsal-acetophenone, and di- 
benzal-acetone. It has now been possible to show that the phosphonic 
add and acetyl chloride are formed before the treatment with water. The 
phosphonic acid may be thrown out of the acetic acid solution by dilution 
with an inert solvent like benzene. 

Five grams of anisal-acetopbenone was dissolved in 5 g. of acetic add, 10 cc. 
of benzene and 4 g. of phosphorus trichloride. After standing 4 hours the 
clear solution was diluted with 50 cc. of benzene and seeded with the phos- 
phonic acid. Crystallization immediately started and at the end of 48 
hours, 4 g. of phosphonic acid was obtained {60% of the calculated amount). 

Acetyl chloride was identified as the other product of the reaction by 
carrying out a similar experiment omitting the benzene. A simple dis¬ 
tillation yielded acetyl chloride which was identified by redistillation and 
its reactions with water and aniline. 

Reaction in Acetic Anhydride. 

Acetic anhydride and phosphorus trichloride do not react at room tem¬ 
perature. When an unsaturated ketone is added, however, a reaction 
takes place with the evolution of considerable heat and is complete in about 
1 Lee. tit. 
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30 minutes. On pouring into water the phosphonie add is obtained. 
If the reaction mixture is evaporated under diminished pressure, an oil 
is obtained which is a mixture of the add chloride and the add anhydride 
described in the introduction. These substances are very sensitive to 
moisture, and very dry reagents must be used throughout the work, and 
precautions must be taken to prevent the entrance of moist air. The 
compounds also must not be heated to too high a temperature and the 
evaporation tw vacuo must, therefore, be carried out below &o°. If one 
molecule of acetic anhydride is used for every molecule of phosphorus tri¬ 
chloride, the oil obtained is almost wholly the acid chloride. A typical 
experiment is as follows 

Ten grams (0.05 g mol ) of benza!-acetophenone (dried over phosphorus 
pentoxide) was introduced into a mixture of 7 g. (0.05 g. mol.) of phos¬ 
phorus trichloride and 5 g of acetic anhydride (0.05 g. mol.). (The an¬ 
hydride was purified by heating with phosphorus pentachloride and pent- 
oxide and then carefully fractionating.) The reaction mixture was agi¬ 
tated from time to time and the temperature kept below 35 °. At the end 
of one hour the volatile material was evaporated under diminished pres¬ 
sure in a stream of dry' air. The material was heated in a water bath kept 
at about 70°. After 2 hours a thick, light colored oil was left behind. This 
was the crude acid chloride, C«H>CH — CH = C — C,H t It was 

I ! 



dissolved in dry- chloroform and the solution made up with more chloro¬ 
form to a known volume. A one-ce. portion was then shaken with 50 cc. 
of water and the chloride ion in the aqueous layer was determined by the 
Volhard method. The total active chlorine in the entire material could 
then be calculated. 

Calc for acid chloride o 050 equivalents of chlorine Found 0049. 

The acidity of the aqueous layer was also determined. It was somewhat 
greater than the theoretical because of the slight solubility of the phos- 
plionic acid. 

Calc, for 1 HC 1 oojo equivalents. Found - 0057. 

By using larger amounts of acetic anhydride and proceeding in exactly 
' the same way, products could be obtained which contained much less of 
the acid chloride and more of the acid anhydride as shown by the amount 
of active chlorine Ten grams of ketone, 7 g. of phosphorus trichloride and 
15 g. of acetic anhydride (3 mol.) were treated as in the former experiment. 
The oil was dissolved in chloroform and a sample of the solution shaken 
with water and the aqueous layer analyzed. 

Cult, for arid chloride 0.050 equivalent* of chlorine. Found: o.o«. 
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The mixture thus contains only about 25% of the acid chloride. Such 
results are, of course, only approximate as small amounts of acetyl chloride 
and phosphorus trichloride which might be held by the oil would tend to 
vitiate tnem 

Reactions of the Acid Chloride and Acid Anhydride. 

(а) With Water.—The oil obtained as just described was soluble in 
chloroform, carbon tetrachloride and benzene, but could not be made to 
crystallize, nor could it be distilled. Both the oil and its solutions ener¬ 
getically combine with water forming the phosphonic acid. 

For example, 10 g. of benzai-acetophenone, 7 g of phosphorus trichloride 
and 5 g. of acetic anhydride (equivalent quantities) were allowed to react 
and the product treated as described The oil was dissolved in 25 cc. of 
dry carbon tetrachloride and 0.9 cc. of water (one mol.) was added. The 
drops of water soon disappeared completely and the temperature of the 
solution rose from 20° to 35a little hydrogen chloride was evolved The 
solution was now shaken with 50 cc. of water and the carbon tetrachloride 
layer separated. Before the separation was finished, the phosphonic acid 
began to separate and was filtered off The carbon tetrachloride was 
evaporated to dryness and the entire crude phosphonic acid was recrystal¬ 
lized from dilute alcohol solution, 11 5 g. of acid was thus obtained which 
was 78% of the theoretical amount 

In another parallel experiment in which 3 mols. of acetic anhydride 
was employed, a yield of 83% of phosphonic acid was obtained. 

(б) With Bromine.—The oil obtained from 10 g. of benzai-acetophenone 
7 g. of phosphorus trich'onde, and 5 g. of acetic anhydride (one mol.) 
was dissolved in dry carbon tetrachloride. A solution of bromine in the 
same solvent was slowly added. The bromine immediately disappeared 
and some heat was produced but no hydrogen bromide was evolved When 
*/< equivalent of bromine had been added, a slight red color was apparent 
for a few minutes, but quickly faded. A permanent red color was produced 
only when a little less than one molecule of bromine had been adder!. In 
previous experiments attempts to isolate a solid dibromide had failed, so 
that the transformation with water was studied. A few drops of water 
when added to the solution quickly disappeared and the temperature rose 
ro°. The solution was then shaken with 50 cc. of water and the layers 
separated. Thirteen grams of the monobromo-phosphonic add described 
below (m. p. 197-198°) was obtained from the carbon tetrachloride layer. 
(80% of the theoretical amount.) The aqueous layer was analyzed for 
bromide ion by titrating with standard chlorine water and 0.046 equiva¬ 
lent was found; 0.050 equivalents would have been present if exactly one 
molecule of hydrogen bromide had been liberated in the process. The 
identity of the monobromo-phosphonic add was shown by mixed melting- 
pdnt^determinations 
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(c) With Phenol.—The oil obtained from 10 g, of benzal-acetophenone, 
7 g. of phosphorus trichloride and 5 g. of acetic anhydride was dissolved 
in chloroform and 4 5 g. of phenol (t mol.) was added. The solution was 
evaporated under diminished pressure and then heated for 20 min. at 
125 0 ; some hydrogen chloride was evolved. The material was dissolved 
in ether and extracted with sodium hydrogen carbonate solution. On 
acidification this yielded 7 g. of the monophenyl ester, m. p. 146°. The 
ethereal solution was dried and evaporated to dryness; it yielded 7 g. of 
an oil which was shown to be principally the compound, 

C«HjCH — CH - C — C*H, 

! ! 

p -o 



OC*H» 


This substance is insoluble in cold sodium carbonate solution and 
aqueous sodium hydroxide It is soluble in alcoholic sodium hydroxide 
and on acidification the monophenyl ester is obtained Some of the com¬ 
pound was heated to 125 0 for 10 minutes and hydrogen chloride bubbled 
through it. On treatment with water the monophenyl ester, m. p. 146°, 
was obtained. The phosphorus-oxygen ring is thus evidently opened by 
cold alcoholic sodium hydroxide and also by hydrogen chloride at a higher 
temperature. 

The reaction with bromine definitely establishes the nature of the com¬ 
pound. Twogramsof it was dissolved in chloroform and treated with bromine. 
A little less than one molecule was taken up by the solution before a perma¬ 
nent red color resulted; no hydrogen bromide was evolved. The solution 
was then shaken with water and from the chloroform layer there was 
obtained 1 g. of 0 bromo-monopheny 1 ester, m. p. 176° (described be¬ 
low). 

It is thus evident that the acid chloride and acid anhydride in question 
react with phenol at 125* and produce 2 substances: (1) the monophenyl 
ester acid, m. p. 146°, the ring probably having been opened by some 
hydrogen chloride; and (2) the phenyl ester of the cyclic acid. The inter¬ 
mediate compound used for this reaction was made with only one equiva¬ 
lent of acetic anhydride. It was thus almost wholly the add chloride 
% and it is very probable that this substance alone was involved in the re¬ 
action with phenol. 

a-Phenyl-d-bromo-d-benzoylethyl-phosphonic acid, C«H*CH(PO»H«>- 
CHBrCOOsH*.—The unsubstituted keto-phosphonic add was prepared 
from benzal-acetophenone as described in an earlier paper. 1 4.5 g. of this 
add was dried at 130° and the resulting oil dissolved in chloroform. 2.3 g. 
of bromine in chloroform solution was added little by little. The reaction 
* Lee. at. 



JAMBS B. CON ANT AND ALAN A. COOK. 


was started by heating for a few minutes on the steam bath. Hydrogen 
bromide was evolved and the bromine color rapidly disappeared until the 
equivalent amount of bromine had been added. The chloroform was 
removed by distillation under diminished pressure and the residual solid 
recrystallized from chloroform and petroleum ether. 3.5 g. of a white 
crystalline solid was thus obtained which melted at u)6°. It could be 
recrystaOized from a mixture of chloroform and petroleum ether or an alco¬ 
hol-acetone solution. 

The monobromo acid was very slightly soluble in water. The aqueous 
solution slowly became milky on standing and rapidly on heating. When 
treated with sodium hydrogen carbonate, sodium carbonate, or hydroxide, 
the monobromo acid was immediately transformed intobenzal-acetophenone 
(an insoluble precipitate), sodium bromide and sodium phosphate. The 
reaction was almost quantitative. The phosphorus was to some extent 
eHminated from the molecule as a nietapliosphate, as the solution gave 
flhe characteristic tests for this ion as well as for the orthophosphate ion. 

Monophenyl ester of ci-Phenyl-d-bromo-d-benzoylethyl-phosphonlc 
Add, CdHjCOCHBrCH(CeHs)PO(OHKOCJI k l.- -This compound can be 
prepared from the bromo acid by first forming the acid chloride. Three 
grains of the bromo-phosphonic acid was dissolved in chloroform, 1 g. of 
thionyl chloride added and the mixture heated to 100 0 for half an hour; 
hydrogen chloride and sulfur dioxide were evolved. 0.8 g. of phenol was 
then added, the chloroform boiled off, and the heating continued for an¬ 
other half hour. The mixture was taken up in ether and i.,s g. of the 
bromo ester acid slowly crystallized from the solution. The melting 
point was 179 0 . Titration with a standard base showed the substance to 
be a monobasic acid. 

Calc, for C;iHuO,M?r Br, 179 Pound 17 S 

The constitution of this substance follows from its formation from a- 
bromo-benzal-acetophenone. This latter compouud was prepared in the 
Usual way from benzalacetophenone dibronikle. 1 Three grams of the a- 
bromo-benzal-acetophenone and 2 5 g. of phosphorus trichloride were dis¬ 
solved in 10 cc. of glacial acetic acid. 'Hie mixture was allowed to stand 
overnight and then the volatile materials were removed by distillation under 
reduced pressure. The residue, taken up in chloroform, was heated for 
an hour at 100 0 with 1 g. of thionyl chloride; 0.9 g. of phenol was then 
added in chloroform solution and the heating continued for 30 minutes, 
the solvent being allowed to distil off at the same time. The resulting oil 
was treated with sodium hydrogen carbonate solution, a small amount 
of insoluble oil was removed, and the solution acidified. The material 
tints obtained was contaminated by a small amount of oil which was re¬ 
moved by again dissolving in sodium hydrogen carbonate and extracting 
« Am. Ckm. 33, 3* (190s); 44, 313 (i9«o). 
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with ether. On precipitating with acid a material was obtained which 
could be crystallized from ether. Half a gram of the solid bromo-phenyl 
ester, m. p. 179 0 , was thus obtained and the identity of it and the product 
previously prepared was shown by making a mixed melting-point deter¬ 
mination. 

This bromo-monophenyl ester can be recrystallized from alcohol, since 
it is fairly soluble in the latter solvent. It dissolves in sodium hydrogen 
carbonate and carbonate solutions and the sodium salt may be prepared 
by cautious treatment with cold dil. sodium hydroxide solution. When 
wanned with sodium hydroxide or sodium carbonate solution it is decom¬ 
posed in the same manner as the bromo acid and produces bcnzal-aceto- 
phenone. 

Monophenyl e6ter of o-Phenyl-d-benzoylethyl-phosphonic acid, 

CdHsCOCHjCH(C«J 1 i) PO (< > 11 )(OC«H»)'Hie bromo-monophenyl ester 
just described can be prepared by bromination of the unsubstituted mono¬ 
phenyl ester in chloroform solution. This latter substance can be prepared 
from the phosphonic acid by using only one mol. of thionyl chloride and 
heating the product with phenol. 10 g. of the keto-phosphonic acid was 
dehydrated by heating to 125°. The resulting oil was dissolved in chloro¬ 
form and 5 g. of thionyl chloride was added. The chloroform was evapo¬ 
rated off and the oil heated to 140° in an oil bath. 3.5 g. of phenol was 
then added in chloroform solution and after evaporation of the chloroform, 
the mixture was heated to 135 5 for 20 minutes. The material was then 
dissolved in chloroform and extracted with sodium carbonate solution. 
Acidification yielded a solid which was recrystallized from alcohol. Yield, 
7.5 g. of a crystalline substance melting at 146°. The chloroform solution 
contained a small amount of the diphenyl ester. 

Calc for CnHi, 0 ,P C. 68 8, H, 5 2 Found C. 68.9, H, j R 

Titration with standard sodium hydroxide solution using phenolphthalein 
as the indicator, showed the compound was a monobasic acid. 

The most convenient method of preparing the bromo-monophenyl ester 
is from this ester; 3.5 g. of the ester was brominated in chlorofonn solution 
at the boiling point of the solvent. The chloroform was evaporated and 
the solid residue recrystallized from alcohol. Three grams was thus obtained 
melting at 179 0 . 

' Diphenyl Ester of a-Pheayi-jS-benzoyiethyl-pbosphonic add, 

C«H*COCH»CHC^IvPO(OC«H4)». —This ester is obtained in small amounts 
when the monophenyl ester is prepared by the procedure just mentioned. 
It can be prepared in better yields by using 3 molecules of the thionyl 
chloride and then heating with 2 molecules of phenol. Thirty grams of the an¬ 
hydrous phosphonic add was dissolved in chloroform and heated with to 
g. of thionyl chloride for one hour at too 0 ; 36 g. of phenol was added in 
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chloroform solution, the chloroform was distilled off and the mixture heated 
for 2 hours at 150°. The oily product was dissolved in ether and washed 
with sodium carbonate solution, and then with 5% sodium hydroxide 
solution to remove any phenol. On evaporating the ethereal solution 
a crystalline solid was obtained which was recrystallized from alcohol. 
Fourteen grams was thus obtained, which melted at 125 °. Some monophenyl 
ester was obtained from the sodium carbonate solution. 

Cf-le. for C,,H|iO:P C, 73 J, H, 5 2 Found C, 73.9; H, 3.3 

This diphenyl ester can be readily hydrolyzed to the monophenyl ester 
in the following way. Six grams was dissolved in a solution of sodium alco- 
holatemade from 0.3 g. of metallic sodium and 15 cc, of alcohol. After stand¬ 
ing a few minutes the solution was poured into aqueous acid and the solid 
precipitate filtered off. This was purified by dissolving in sodium carbonate 
solution reprecipitating with acid and finally crystallizing from alcohol. 
Four grams of the monophenyl ester was thus obtained, melting at 146°. 

Both the diphenyl ester and the monophenyl ester-are hydrolyzed to 
the free phosphonic acid by warming with aqueous sodium hydroxide 

Summary. 

1. a,/ 9 -Unsaturated ketones react with phosphorus trichloride in glacial 
acetic add producing a keto-phosphonic add and acetyl chloride. 

2. In acetic anhydride solution the product is a mixture of an unsatur¬ 
ated add chloride and acid anhydride which have a phosphorus-oxygen 
ring. These substances readily react with water forming the keto-phos- 
phonic acid. 

3. The structure of the acid chloride and anhydride follows from the 
fact that they combine with one equivalent of bromine and the product 
with water gives a /S-bromoketo-phosphonic add. This ( 3 -bromo acid was 
synthesized by a method which proves its structure. 

4. Additional evidence of the structure of the add chloride and anhy¬ 
dride is afforded by a study of the products formed by heating it with 
phenol. 

5. The structure of the compounds formed in acetic anhydride solution 
shows that the first step in the reaction is the addition of the phosphorus 
atom of the phosphorus trichloride to the ends of the conjugated system. 
Such an addition reaction involving the increase of valence of one atom is 
a new type of 1,4 addition. 

Cambxidgb, Mass 



FOOD OK THE SMALL SE.\ HERRING. 841 

[Contribution prom tub Animal Physiological Chemical Laboratory, Bureau 
op Chemistry, U S Department op Agriciti ti-re 1 

THE FOOD OF THE SMALL SEA HERRING AND AMMONIA 
AND AMINES AS END PRODUCTS OF ITS 
DECOMPOSITION. 

By F C Weber and J B Wilson 
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On the Atlantic Coast of the United States, canned sardines are pre¬ 
pared entirely from the sea herring (Clupca harengus). With the excep¬ 
tion of a few canneries in Massachusetts, the industry is located in the 
State of Maine, the principal center of the industry being the towns of 
Eastport and Lubec, which lie at the entrance to Passamaquoddy Bay. 

.In the investigation of the sardine industry of Maine, conducted by the 
Animal Physiological Chemical Laboratory during the seasons of 1913 
to 1916, decomposing food in the alimentary tract of these small fish was 
found to be one at the most important factors in rendering them unsuit¬ 
able for packing. The term "feedy" is applied to those fish which have 
undigested and partly digested food remaining in the alimentary tract 
when caught. “Feedy" fish is one of the most troublesome factors in the 
sardine industry. Fish more or less gorged with food when taken from the 
water deteriorate very rapidly whereas those having their digestive tracts 
free from food when taken from the water remain in good condition for a 
comparatively long time. The rate of deterioration depends upon the 
quantity and stage of digestion of the food material contained in the di¬ 
gestive tract and the bacteria accompanying it. Food recently eaten and 
present in the stomach of the fish appears to cause a greater degree of de¬ 
terioration than that which has been partially digested. In confirmation 
of this, bacteriological studies' showed that the stomach portions of the 
digestive tract were sterile when free from feed, though digestion was in¬ 
complete in the intestines. By the time “feedv" fish which have been 3 
to 6 hours out of water reach the cannery, they have deteriorated to such 
an extent and are so badly broken that a large percentage is entirely unfit 
for packing. 

The physical evidence of this deterioration is plainly seen by the rup¬ 
tures of the stomach walls in earlier stages and later in the rupture and 
Sloughing away of the belly portion of the fish. Fish brought to the can¬ 
neries in such condition are termed "belly broken" or "belly-blown.” 

Food of the Sea Herring. 

The young herrings from which sardines are made, constantly rove the 
seas in search of food. A plentiful supply of these fish, therefore, can 
1 The bacteriological work was done by M. M. Obst, Bacteriological Chemist, 
Microbiological Laboratory. Bureau of Chemistry, Washington, D C. A discussion 
of this work wav be found to the I. Infect. tXs , [2) 14. * 5 ® (total. 
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always be found in regions where food abounds, as the Passamaquoddy Bay 
region, where the largest number of sardine canneries have been built. 

A number of observers, Moore, 1 Scott,* Hanson,’ Wheeler, 4 MacDonald, 4 
Wright,' and Bigelow, 7 have explored the Atlantic Coast waters and have 
shown that the herring live chiefly upon minute crustaceans. Of these 
the chief forms are copepods, amphipods, schizopods, also the embryos 
of gasteropods and lamellibranchs. 

The schizopods collected and used in this investigation were Meganycti- 
phanes norwegica (M. Sars). The copepods were identified by the U. S. 
National museum as mostly Calamus finmarchicus with smaller numbers 
of Pseudocalamts ebngatus and Teutara lottgtcomis. These undoubtedly 
are the chief food of the herring of the Passamaquoddy Bay region. Fish 
which have been feeding extensh ely on either of the 2 kinds of food known 
to the fisherman as "red feed" and "shrimp" may be designated as "feedy” 
fish, which are most unsuitable for packing. 

Examination of the Feed. 

In order to determine the cause and the products formed in tlie decompo¬ 
sition of “feedy" fish, both the fish and the feed were subjected to chemical 
and bacteriological examination. Through the courtesy of the Bureau 
of Fisheries the authors were able to collect a sample of plankton at the 
Biological Station at Woods Hole, Massachusetts. The determinations 
made on this sample are recorded in the results of the ehcrngqil analyses. 
All other samples w we obtained from the waters of Passamaquoddy Bay, 
off Kastport, Maine. 

..THlection of Samples. 

Plankton.—Th** sample of plankton, taken at Woods Hole, Massa¬ 
chusetts, was obta, d tying a net made of bolting doth just off the 
wharf at a point wheisja tidal current would run through it. About 4 
hours later, and after the tide had begun to slacken, the net was brought 
in. The contents of the net were washed into a bolting doth sieve with 
sea water, cleansed from seaweed and other foreign material then shaken 

' H. F. Moore, "Observations upon the Herring and Herring Fisheries of the 
Northeast Coast, with special reference to the vicinity of Passamaquoddy Bay." U. S. 
Commissioner of Fisk and Fnhertes Report, 1896. 

* Scott, "Observations on the Food of Fi'bes " loth Ann Rr.pt Fishery Board of 
Scotland, 1901, Pt. 3, 486-541 

* H. H Hanson, Ptoc Sth Intern Cong Appl. Chim , 18, 131 (1912). 

4 W M. Wheeler, "The Free Swunnunjj Copepods of the Woods Hole Region," 
U. S. Commission of Fisk and Fisheries Bulletin, 1899, 

* L MacDonald. Contributions to Canadian Biology. 1906-10, 83. 

* “The Plankton of Eastern Nova Scotia Waters." Conin/rutums to Canadian 
Biology, jp /4 Ann. Rep Dept Marine and Fisheries, Fisheries Branch, Ottawa, Can* 
ada, 1907. 

' H. B. Bigelow, BuU. Museum Comp. Zo 6 l„ Homed University, 59, No. 4, 
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until practically all the water was removed. This sample was transferred 
to a glass bottle, and kept at the temperature of the laboratory until after 
the second analysis was made, The samples of plankton taken at East- 
port, Maine, were obtained by the method employed for copepods. 

Copepods (Feed or "Red Feed”).—A net about 3 meters long, 1.23 
meters in diameter at one end, and tapering to about 15 cm. in diameter 
at the other end, was used. The first 1.2 meters of the net consisted of 
coarse scrim; the remaining portion was of boiling doth. A sterile Mason 
jar was fastened to the smaller end by means of a draw-string, and the 
net attached to the stem of the launch by a strong line. About 60 meters 
of rope was let out, and the net was dragged through the water at a depth 
ranging from 3 to 9 meters, just fast enough to keep the rope taut. Oc¬ 
casionally the net was brought in, the contents of the jar were transferred 
to another sterile jar, and the water was drained off. At the laboratory 
the sample was dried by shaking in a sieve of sterile bolting cloth, trans¬ 
ferred to another sterile jar, and mixed for use. 

Schizopods (Shrimp).- The schizopods were caught just as the tide 
began to go out, from a tender, among the rocks, behind breakwaters and 
other places more or less protected from the waves, by means of a small 
scrim scoop net, fitted with a long handle, and having an opening at the 
small end to which was fastened, by a draw string, a sterile Mason jar. 
They were transferred to another sterile jar, and brought in sea water to 
the laboratory, where the water was drained off as completely as possible, 
the sample ground in an Enterprise meat grinder, and transferred to a 
sterile jar for use. 

Feed from "Belly-Blown” Fish, - The stc a of each fish was re¬ 
moved with sterile instruments, slit with a scalpel, and the feed transferred 
to a sterile jar by means of a pair of tweezers previm .y sterilized in the 
flame. 

Preparation of Samples. 

With the exception of the plankton taken at Woods Hole, all the samples, 
during the intervals between analyses, were kept in an incubator at 37.5 0 
at periods of time noted. Immediately after the preparation of the sample, 
samples for the determination of total volatile nitrogen and amines were 
removed by means of a sterile spatula, care being taken that the sample 
was not contaminated by material from the outside. At the end of each 
interval of time noted the materia! was removed from the incubator just 
long enough to weigh out the samples, and returned at once. The samples 
were placed in sterile jars and handled under aseptic conditions in order 
that they could also be used for bacteriological work. 

Methods of Analysis. 

Only the total volatile alkaline material, ammonia and total amines 
was determined in this investigation. At the time these studies w*** —* 
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the method for the separation of the atnine fraction of the total volatile 
material had not been perfected. These methods have been reported in 
detail 1 in connection with a study of the formation of ammonia and amines 
in canned sardines. 

As a result of the bacteriological work it was found that 2 organisms 
were associated with the feed (copepods and shrimp’) of the small herring. 
One of these so closely resembles Bacillus Walfischrauschbrand that it has 
been so designated, and the other has been tentatively designated as 
Bacillus B Bacillus Walfischrauschbrand is the name applied by Nielsen* 
to the organism found in diseased whales. Bacillus 11 a Ifis c lira use libran d 
was also found to be responsible for the “swelling" of canned sardines. In 
fact, these organisms were first isolated from ‘swells," and later trace to 
the fish, where they were found upon the gills and in the intestinal tract 
with the feed. 

The bacteriological examination of the feed showed that the bacterium 
( Bacillus B.) commonly associated with copepods grows faster and produces 
a slightly greater amount of gas than the organism Bat ill us Walfischrausch¬ 
brand found chiefly on the shrimp 

In the French sardine industry* bait is employed m the catching of the 
fish. So particular are the fisherman and the manufacturers to avoid the 
decomposition caused when fish are “feedv" that the strictest attention 
is given to the quality of the bait. In early times in this industry, owing 
to decomposition caused in the fish, the use of a prepared bait containing 
especially powdered prawn and shrimp was forbidden by royal decree. 
In this connection it is interesting to note that Bacillus Walfischrausch- 
brand found most commonly in shrimp is capable of decomposing fish 
tissue. This organism forms spores which are resistant to drying, but 
which axe capable of growth and reproduction when conditions again be¬ 
come favorable. The bait prepared from dried shrimp doubtless con¬ 
tained the spores of this Organism (Bacillus Walfischrauschbrand) which 
were responsible for the decomposition of the fish when this bait was 
employed. 

In addition to the analyses made to detcnntne the volatile alkaline con¬ 
stituents formed when the feed (copepods and sehiwpods—shrimp) was 
allowed to decompose, the same determinations were made upon culture 
media of the Bacillus Walfischrauschbrand and Bacillus B. When these 
bacteria were grown in pure cultures. 

1 F. C. Weber and J. B. Wilson, "Tlic Formation of Ammonia and Amines ic 
Canned Sardines During Storage." /. Ini Ent. Chtm , u, i 2l (1919). 

* lear Nielsen, "Ein Stiick Modern ei Baktcriaiogie am dem 12 Jobrhundert,’ 

Cenir Baht. Porasitenk., 7, 267 (1&90), 

•Hugh M. Smith, "French Sardine Industry,” V. S. Pish Commission BvU. 
1901, 9-io, 
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Composition of Copepods. 

In an investigation of the chemical composition of plankton, Brandt 1 


reports the analysis of material which consisted almost entirely of copepods 

as follows: 


Table I. 


Chemical Composition of Copepods (dry basts). 

*T> 

Protein 

58 HO 

Fat . 

7 4 « 

Carbohydrates (by difference) 

22 88 

Ash . .. 

10 92 

Composition of ash. 


StO, 

2 V 

Nad 

1 49 

Other salts 

7 it 

The composition of the dry substance of copepods, secured in the in¬ 
vestigation made by Brandt, and which included varieties taken from fresh 

water, averaged as follows 


Table II 


Average composition of Copepods 'dry bast-.) 

% 

Protein 

S 9 O 

Clnuri 

4-7 

Fat 

7 0 

Carbohydrates 

20 0 

Ash 

9 3 


Table 111 shows the results of the determination of ammonia and amines, 
as products of the decomposition of the feed of the herring, when the feed, 
copepods and schizopods (shrimp), were allowed to decompose under the 
most favorable conditions. The determination of the total volatile al¬ 
kaline material in a catch of plankton, winch consisted almost entirely of 
diatoms, taken at Woods Hole, Massachusetts, is also given. In all cases 
as many determinations were made on each sample as was possible with 
the amount of material obtained, which was not often large, as it was diffi¬ 
cult to obtain any kind of feed except when the water was very quiet. 
The amount of total volatile nitrogen found before incubation was so small 
that it was not considered necessary to determine amine nitrogen. 

Both ammonia and amines in very large quantities were found in the de¬ 
composing feed (schizopods and copepods). When allowed to spoil under 
these conditions and to the extent that took place during a period of 48 
to 73 hours, ammonia was found in much larger amounts than amine. 

* K. Brandt, Beitrage jur Kcnntuis (ter Chetmschcn Zusunmeasetzung des 
Planktons. Wisscnsehaftltchq Meere, untcrsucliungwi herausgegeben von der Kam- 
tni*,urm tur wksenschaftlkhea Untersuchung der deutschtn Meere in Kiel, AM. Kid 
Biit (t«98)- 
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7 contained Oafa»u j finmanhicvs (Gunner) and Pseudofalattus rlongatus (Boeck) in about equal numbers. 
iSt Pseudo&tlantis el<mgains fBoeek) with a very few' OiJanns Jirtmar< hicus fGunner). 
i. 5 and 14 were identified as Mega* ycii phones nortvrgua tM Sars). 
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From the number of determinations it was possible to make, it was ap¬ 
parent that little, if any, difference exists in the rate of decomposition or 
in materials formed between copepods and schizopods. Considering 
the similarity of composition of the two forms, it is quite probable that no 
difference in degree or kind of decomposition would be found. The ex¬ 
amination of the feed taken from the viscera of “belly-blown" fish gave 
results confirming those found under artificial conditions. Both ammonia 
and amines were present in appreciable amounts, the quantity of amine 
in this instance being in excess of the ammonia. 

Laboratory Experiments with Bacillus Walfischrauschbrand and Bacillus 
B, —To establish firmly the conclusion that the decomposition of the feed 
and of the fish, which results in the condition termed "belly-blown," is 
due to the presence of bacillus Walfischrauschbrand and Bacillus B., 
which were found in great numbers in the samples of feed and swelled 
cans examined, and to show that the presence of these bacteria is indi¬ 
cated by finding volatile nitrogen bases in "belly-blown" fish and swelled 
cans, these bacteria were grown in pure culture upon a medium containing 
fish protein, and the volatile alkaline products resulting from their growth 
determined. The fish used for preparing Cultures 24, 25, 31 and 32 (Table 
IV) were fresh Boston mackerel. Freshly caught Potomac bass were 
used for Cultures 27, 28, 29 and 30. After removing the skin, solid masses 
of meat were passed through a meat grinder and mixed with a solution 
of dextrose of such strength that the final mixture, of a uniform paste con¬ 
sistency, contained 0.2% of dextrose. The whole was then sterilized under 
15 pounds pressure. Portions of this paste were inoculated with 24- 
hour dextrose agar anaerobic cultures of bacteria, and covered with an inch 
layer of sterilized fish broth made firm with i-5 r f agar and no nutriment, 
and then incubated at 37.5 0 until removed for analysis. Whenever a 
sample was removed for analysis, the presence of the bacterium with which 
it has been inoculated was determined positively. The determinations 
are reported in Table IV. 

The results show that both ammonia and amines are formed when 
Bacillus Walfischrauschbrand and Bacillus B. are grown in pure cultures 
on fish media. Under the conditions which obtained when these experi¬ 
ments were made, amines are formed in smaller amounts than when the 
different lots of feed are decomposed at incubator temperature. It would 
appear that a larger proportion of amines are formed during the de- 
teoraposition of the feed and the fish under natural conditions. In the cul¬ 
tures of Bacillus Walfischrauschbrand and Bacillus B. used for the deter¬ 
mination of ammonia and amines, positive tests for both indole and skatriLe 
were obtained. 

These results confirm those shown in Table III that ammonia and amines 
are produced by these organisms during the decomposition of the feed. 
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Conclusions. 

The copepods and schizopods (shrimp) constitute the chief forms of feed 
of the small sea herring of the Passamaquoddy Bay region Of the cope- 
pods Calanus finmanhicns, Pseudocalanus clonpalus, and Temora longicornis 
appear to be the chief species found in this region, and may tie classed as 
the “red feed,” as distinguished from shrimp 

The results of the examinations made show that ammonia and amines 
are found in very appreciable quantities when the different forms of food 
decompose These results also show with what rapidity and to what ex¬ 
tent the food decomposed When the 2 kinds of bacteria, so commonly 
found associated with the feed, arc grown in pure culture it is shown that 
ammonia and amines are iormed m the media. 

Skatole and indole were also detected in the culture media on which 
these bacteria were grown Ammonia and amines were also determined 
m tile contents of the digesti\e tract of "belly-blown,” feedy fish. The 
results show that the formation of ammonia and amines in the decomposing 
foot! is due to the action of the 2 bacteria always found asssoeiated with 
the 2 forms of food (copepods and schizopods), whether taken directly 
from the water or from the digestive tracts of the fish This decomposi¬ 
tion, also accompanied bv the evolution of gas when Bacillus B is present, 
is responsible for the bursting of the tielhes (‘'belly-blown”) of “feedy” 
fish. 

Washington, D C 

(Contribution from tub School or Chemistry Univbrsitv or Pittsburgh.) 

SOME DERIVATIVES OF 2 4-DINITRO-BENZALDEHYDE. 1 

By Alexander Lowy and Blaine B IVescott 
Received February 1J 1920 

The work upon the derivatives of 2,4-dinitro-benzaldehyde was under 
taken for the following reasons. (1) Upon examination, the literature 
revealed that relatively few derivatives of this compound have been 
prepared. 1 (2) Research upon trinitro-benzaldehyde was already under 
way in these laboratories and the results of this work, to be published 
in the near future, showed the desirability of a parallel investigation 
upon 2,4-dinitro benzaldehyde (3) Since benzaldehyde has long been 
an important intermediate in the dye industry it seemed probable, reason- 
* ing by analogy, that 2,4-dinitrtr-benzaldehyde might also find consider¬ 
able use in the manufacture of dyestuffs. (4) But perhaps the most im- 

1 This report represents a part of a thesis presented by Blaine B Weseott in par¬ 
tial fulfillment of the requirements for die degree of Master of Science. January, 19ao. 

• Btr., 35, 1224 (1902); ibid, 35, 3704 (1902), Monatsh., 23, 1003 (igoa); Ber„ 
37, 1861 '1904}, ibid., 3*, 1734 (19067, ibid.. 40, 3130 (1907); Mtmalsk., 23, 354 (190a); 
Btr. 41, 109 (1908); ibid., 42, 601 (1909); /. praki. Chtm., a, 89. 
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portant reason for the research upon this compound is the fact that it 
is a derivative jrf 2,4-dinitro-toluene, an important explosive, "which is 
Itself an intermediate in the manufacture of trinitro-toluene. It is evident 
that an outlet for the great stocks of 2,4-dinitro-toluene and trinitro¬ 
toluene now on hand is an economic necessity. Such an outlet was sug¬ 
gested in 2,4-dinitro-benzaldehyde and trinitro-benzaldehyde. The 
method used in the preparation of 2,4-dinitro-benzaldehyde was essentially 
that described by F. Sachs and R. Kempf. 1 They stated that the con¬ 
version of the methyl group of an aromatic compound to the aldehyde 
group is possible by a condensation with a nitroso-dialkyl-aniline and subse- 
<juent hydrolysis with mineral acids. 

RCHj + ONC»H,NvAlplO, = RC NCJWJ(Alph), 4- HSi’ 

I I 

R' R' 

RC ,NCjH,N(Alph 1 , + HjO = RC 0 + H t NC*H,N (Alph)i 

I i 

R' R' 

They found that the above reactions proceeded easily in the prepara¬ 
tion of 2,4-dinitro-benzaldehyde and they described the following method 
for its production. 45 g. of 2,4-dinitro-toluene, 40 g. of nitroso-dimethyl- 
aniline, 75 g. of sodium carbonate (anhydrous crystals) and 250 cc. of 
95% ethyl alcohol were heated together on a steam bath for 5 hours under 
a reflux condenser, with frequent shaking. After a time nearly the whole 
mixture solidified to a mass of green granules. After filtration, the residue 
was washed with several liters of hot water. The yield of the condensa¬ 
tion product was 86%. The condensation product was then shaken with 
250 cc. of 27% nitric acid and 250 cc. of benzene for some hours The 
mixture was filtered and the benzene layer separated from the filtrate. 
After the benzene had been distilled, the residue, a dark oil which solidified 
on cooling, was dissolved in alcohol and boiled with animal charcoal. The 
charcoal was then filtered off and just enough water added to the filtrate 
to cause it to become cloudy The aldehyde crystallized out upon standing 
in long, yellow needles which melted at 72°. Yield, 88%. Several diffi¬ 
culties were encountered at once in their process wnich necessitated con¬ 
siderable investigation. (1) A low yield, 25%, of the product was ob¬ 
tained. (2) Considerable quantities of oil adhered to the crystals. (3) 
250 cc. of benzene was found to be an entirely inadequate amount for the 
complete extraction of the 2,4-dinitro-benzdldehyde. 

The reactions carried out in the study of 2,4-dinitro-benzaldehyde were 
all of the general type known as condensations. The first type of condensa¬ 
tion studied was that of the reaction between 2,4-dinitro-benzaldehyde 

* -Bar., 3 S» 2704 (1902). 

• Ibid., 3*, 2341 (1899); 33 iM 9 (1900); 34 » 118,49$ (ipcn);** 3047 (1901), 
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and different aromatic amines. The reaction is accompanied by the 
elimination of one molecule of water and may be expressed by the general 
type reaction, Aryl CIIO + H-NR = Aryl CH. NR -+- H s O. The class of 
condensation products formed in reactions as typified by the above equa¬ 
tion are known as “ScbifT’s bases.” 1 The reaction proceeds in 2 stages: 
The first consists of the formation of an intermediate addition product, 

1. Aryl CHO 4 - H,NR = Aryl C—OH . 

'Ns'HR 

The second consists of the splitting off of one molecule of water from the 
addition product, 

2. Aryl C—loH - Aryl CH NR + H,G 

\n!hr 

The same type of reaction is possible with either substituted aldehydes 
or amines or both. Condensations were carried out between 2,4-dinitTO- 
benzaldehyde and various substituted amines giving the following products - 


CH N CH =--= x CH ======• N 



(VII) (VIII,1 


It is often impossible to isolate the intermediate addition product of the 
aldehyde-amine condensations due either to the instability of the com¬ 
pound or to the velocity of the second stage of the reaction. Although 
the isolation of the addition product in the condensation of 2,4-diaitro- 
* Btr.i 18,984 (1902). 
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b eazal dehyde and aniline was attempted, the effort was not successful. 
More work upon thus phase of the subject is to be undertaken at a later 
date. 

The results of the work proceeding simultaneously upon trinitro- 
benzaldehyde, which will be published in the near future, suggested the 
possibility of the existence of the condensation products in 2 stereo- 
isomeric forms. The 2 stereoisomeric forms of the 2,4-dinitro-benzyl- 
idine-aniline would be represented by the following formulas. 



NO, NO, 

syn type anil type 


However, no evidence of the existence of 2 stereoisomeric forms of any 
of the condensation products produced from 2,4-dinitro benzaldehyde 
was found. 

The second type of condensation studied was that taking place in the 
reaction of one molecule of an aromatic aldehyde and 2 molecules of a 
tertiary alkylaniline in the presence of a condensing agent such as anhydrous 
zinc chloride, or oonc. hydrochloric acid This type of condensation 
was used to obtain 2,4-dinitro-tetramethyl-diamino-triphenyl methane. 
The reactions were analogous to those used to produce malachite green 
The experiments were of a qualitative nature only but the quantitative 
results are to be worked out and published in a later paper. The dye as 
prepared in the preliminary trials dyed silk a greenish blue shade, very 
much like that produced by malachite green. 

Experimental Port. 

Preparation of 24-Dinitro-benzaldehyde.—The following method for 
the preparation of 2,4-dinitro-benzaldehyde was finally adopted after con¬ 
siderable investigation. 100 g. of 2,4-dinitrotoluene, 89 g. of nitroso- 
dimethylaniline, 167 g, of sodium carbonate and 555 cc. of alcohol were 
heated for 5 hours on a steam bath under a reflux condenser. The con¬ 
densation product was filtered free of alcohol and leached with acetic 
acid until the sodium carbonate was entirely decomposed, after which the 
mixture was filtered and the residue washed free of acetic acid ■with water. 
The condensation product was hydrolyzed by treatment with 250 cc. of 
1 i 1 hydrochloric add for 3 hours at 80 0 with mechanical stirring. The 
resulting mixture was extracted repeatedly with hot benzene. The small 
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amount of oily material from the acid layer which passed over into the 
benzene extract was removed by filtration. The benzene was then dis¬ 
tilled off and the 2,4-dinitro-benzaldehyde recovered from the residue by 
repeated extraction with hot water The water extract was separated 
from the oil by filtration through a hot-water funnel. The 2,4-dinitro- 
benzaldehyde separated from the filtrate in long, yellow needles upon cool¬ 
ing. The melting point of the 2,4-dinitro-benzaldehyde obtained by the 
above process was 71 The identity of the product was further established 
by carrying out the condensation with aniline as described by Sachs and 
Kempf. 1 

2.4- Duiitrobenzal-m-toluidme, CaH^NOjhCH •\'Cf,H 4 (CH,) (I).— 
This compound was prepared by adding 2 8 g. of m-toluidine to 5 g. of 

2,4-dinitro-benzaldehyde dissolved in 25 cc. of glacial acetic acid. The 
condensation product separated almost immediately. The mixture was 
heated on a steam bath to insure the completion of the reaction. After 
2 hours it was cooled, diluted with water, filtered and washed with dil. 
acetic acid and water The product was purified by recrystallization 
from benzene. The purified substance crystallized in fine, yellow needles 
which melted at 130°. It was easily soluble in benzene, chloroform, 
acetic acid and acetone slightly soluble in alcohol, and insoluble in water. 
Yield, S-4 g. The product gave 2,4-dinitro-benzaldehyde upon hydrolysis 
with hot 1.1 hydrochloric acid. 

Subs , o 2000. o 1050; 26.55 cc. N (18 o’, 743 mm ), 27 3 cc N (20 5”, 744-5 mm.). 

Calc for CAMNOdsCH NC,H,(CH,' N, 1473 Found 14.89, 14.79. 

2.4- Dinitrobenzal-i,34-xylidine, C*H,(NO,) t CH.NC«H,(CH,)* (II).— 
This substance was prepared by adding 3 g. of 1,3,4-xylidme to 5 g. of 2,4- 
dinitro-benzaldchvde dissolved in 25 cc. of glacial acetic acid after which 
the mixture was healed for 2 hours on a steam bath. It was then cooled, 
diluted with water, filtered and washed with dil. acetic arid and water. 
The product was purified by recrystallization from acetone. It formed 
long, deep yellow needles of a silky luster having a melting point of 210.5 *. 
The compound is fairly soluble in benzene, acetone, chloroform and acetic 
add, slightly soluble in alcohol and insoluble in water. Yield, 7 g. Upon 
hydrolysis with hot 1:1 hydrochloric arid it yielded 2,4-dinitfo-benzal 
dehyde. 

Subs., 0.2018, 0.2014, 02004, 25 38 cc, N (170', 731.6 mm.), *5.7 oc. N (* 04 >®, 
*747.6 moj), 25.9 cc. N (22.0°. 742 mm). 

Calc, for C«Hj(NOi)jCH NCtIb(CIii';r. N, 14.04. Found' 13.97, 14.27, 14.21. 

2.4- Dwitrobenzal - 3 - wtro-4 - toluidine, C«H»(NOi)»CH :NC«H*(NO»)- 
(CHi)(III). —A solution of 4 g.of 3-nltro-4-toluidine in 50 cc. of glacial acetic 
add was added to a solution of 5 g. of 2,4 -dinitro-benzaldehyde in 50 oc. 
of glacial acetic add- The mixture was heated for 2 hours on a steam 

1 B»r„ 35, i**4 (190a). 
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bath after which it was evaporated until crystallisation took place. Purifi¬ 
cation was accomplished by recrystallization from glacial acetic add. 
The substance separated in radiating clusters of fine, light brownish yellow 
needles which had a melting point of 195 °. The product was easily soluble 
in acetone, chloroform and gladal acetic add, slightly soluble in alcohol and 
benzene and very slightly soluble in water. Yield, 3.2 g. Upon hydrolysis 
with hot 1:1 hydrochloric add it yielded 2,4-dinitro-benzaldehyde. 

Subs., 0.3008, o.i 196; 30.3 cc. N (19.5°, 739,7 mm.), 19 cc, N (23.5“, 73'-* mm.). 

Calc, for C*Hj(NOi)jCH:NC»Hj(NOi)(CHj) : N, 16 96. Found: 16.73, 17.09. 

24 - Dinitrobenzal - pseudocumidine, C«H,(NOs)jCH :NC«Hj(CHj)j: 
(IV).—This substance was prepared by adding a solution of 2.3 g. of 
pseudocumidine dissolved in 25 cc. of glacial acetic acid to a solution of 
3,4 g. of 2,4-dinitro-benzaldehyde dissolved in 75 cc. of glacial acetic add. 
The condensation product separated immediately in a bright yellow mass. 
The mixture was heated for 2 hours on a steam bath after which it was 
diluted with water, filtered, washed with dil. acetic add and water. The 
product was purified by recrystallization from benzene from which it sep¬ 
arated in fine, bright yellow needles with a silky luster. The melting 
point of the compound was 186.5°. Yield, 4.4 g. The product was 
easily soluble in benzene, acetone, chloroform and acetic acid, slightly 
soluble in alcohol and ether, and insoluble in water. Upon hydrolysis 
with hot 1 :i hydrochloric acid it gave 2,4-dinitro-benzaldehyde. 

Subs., 0.3022, 0.2017, 0.2018; 24.98 cc. N (19.0°. 733 mm.), 24.95 cc. N (20.0*, 
735 mm.), 25.3 cc. N (22.0°. 730.7 mm ). 

Calc, for CtHifNOiljCH NO»H,fCH,}.' N, 13.4:. Found. 1362, 1361, 1368. 

24-Dinitrobenzal-sodium Sulfanilate, C 6 Hj(N t Oj).CH: NC.H,SO s Na. 
HjO (V).—This product was prepared by adding 5 g. of 2,4-dinitro- 
benzaldehyde dissolved in jo cc. of alcohol to 5 g. of sodium sulfanilate 
dissolved in 150 cc. of alcohol. The mixture was heated for 2 hours cm 
a steam bath under a reflux condenser after which it was evaporated to 


crystallization. The mother liquor was filtered off and a further evapora¬ 
tion yielded more of the product. The compound was purified by re- 
cxystallization from 1 :i alcohol. It separated in very fine, pale yellow 
crystals, which decomposed at 249°. The product was easily soluble 
in water, and slightly soluble in alcohol, ether, benzene, acetone and 
chloroform. Yield, 8.2 g. Upon hydrolysis with hot i:t hydrochloric 
acid it gave 2,4-dinitro-benzaldehyde. The water of crystallization 
was determined by heating the air-dry product for 12 hours at 105*. 

Subs, (air dry), 0.2120, 0.2930; loss, 0.0098, 0.0132 (12 hours at 10,5*), 

Caic. for C„H,N,0,S.Va H 3 0, 4.60. Found: 4.62, 4.50. 

Subs., 0,1683; BaS0 4 , 0.0999. 


Calc, for C u HtMi 0 jSNa.H «0 : S, 8.20. Found; 8,15. 

Skibs., 0.2019,0.2007; 19.5 a. * (i7-5*. m mm.). .9.85 «. N (17.3*, 732.2 am.). 
Calc, for CuH».HjO: N, 10.73. Found: 10.73,10.96. 
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3,4-Dinitrobenzal-sodium Metanilatc, C 6 Hi(NOj)sCH . NC*HtSOiNa.- 
3H1O (VI).—This compound was made by adding 5 g. of 2,4-dimtro- 
benzaldehyde dissolved in 50 cc. of alcohol to 5 g. of sodium metanilate 
dissolved in 250 cc. of alcohol. After */ 4 of the alcohol had been evapor¬ 
ated the mixture was heated for 2 hours on a steam bath under a reflux 
condenser. It was evaporated to crystallization and a further amount 
of the product recovered from the mother liquor after filtration and fur¬ 
ther evaporation of the filtrate. The compound was purified by recrys- 
tallization from 1 ;i alcohol from which it separated in very fine, deep 
yellow needles. The product decomposed at 185°. Yield, 5.4 g. The 
substance was soluble in water and slightly soluble in alcohol, chloro¬ 
form, acetone and benzene. The water of crystallization was determined 
by heating the air-dry product for 12 hours at 105°. 

Subs, (air-dry). 0.4617, 0.1896, o 1514; loss, 0061.4, 0.0252, 0.0199 (12 hours at 

Calc, (or CuHiNiOjSN'a.yHjO. H, 0 , 1165. Found: 13 28, 14.29, 14.14. 

Subs, (dry), 0.2014, 0.2004, 21,8 cc. X (24.0*, 749.2 mm), 21.9 cc. N (26.5*, 
744.8 mm.'i. 

Calc, for CuH«N,OjSNa 4 HjO- N, 9 84. Found 10.24. 10.14. 

Subs, (dry), 0.2049; BaSO ( . 0.1270. 

Calc, for C lt H|NiO t SNa.4HiO: S. 7.50. Found 7 44. 

3,4-Dinitrobenzal-sodium Naphthionate, C«Hj(NOi)jCH: NC I0 H»SO, 
Na.c1.5H5O (VII).—This substance was prepared by adding 5 g. of 2,4- 
dinitro-benzaldehyde dissolved in 50 cc. of alcohol to 6.3 g. of sodium 
naphthionate dissolved in 180 cc. of alcohol. After 1 /, of the alcohol 
had been evaporated the mixture was heated for 2 hours on a steam bath 
under a reflux condenser. The product was obtained by the evaporation 
of the solution to crystallization. A further quantity was recovered by 
the evaporation of the mother liquor after filtration. The substance 
was purified by rccrystallization from 1 :i alcohol from which it separated 
in very fine, bright orange needles which decomposed at 248°. Yield, 
7.9 g. It was soluble in water and slightly soluble in alcohol, ether, 
benzene, chloroform and acetone. It yielded 2,4-dinitro-benzaldehyde 
upon hydrolysis with hot 1 :i hydrochloric acid. The water of crystalliza¬ 
tion was found by heating the air-dry product for 12 hours at 105 

Subs, (air-dry), 0.4144, 0.1042; loss, 0.0062, 0,0018 (12 hours at ioj®). 

Calc, for CnHioNiOtSNi.o.sHjO: HiO, 2.08, Found. 1.97,1.79. 

' Subs, (dry), 0.1418; BaSO,, 0.0762. 

Calc, for Ci?H lt N|OjSNa.o.5HsO.- S, 7-42. Found: 7.76. 

Subs., 0.2014, 0.2006; 18.6 cc. N (24.0*, 726 mm ), 17.65 cc. N )i7.o°, 745.2 mm.). 

Calc, for CirHi,N,O t SNa.o.jHjO: N, 9.72. Found: 9.82, 9-95- 

34 - Dinitro - benzaldehyde - dimethylaniline Condensation. VIII.— 
This condensation which is analogous to that carried out in the prepara¬ 
tion of malachite green was performed only in a qualitative way. The 
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Erections given for the preparation of malachite green by Gattermann' 
•were followed. The product obtained was a green powder which dyed 
silk a bluish green shade very similar to that produced by malachite green. 
The following formula undoubtedly represents the structure of the dye: 

NO, 

lL 

(CH,),N< ^ — C==-( ^~ ^ >=N(CH,), 

Cl 

The quantitative results, as stated above, will be published in a later 
paper. 

Summary. 

r. The method described by Sachs and Kempf for the preparation of 
2,4-dinitro-benzaldebyde was found to be unsatisfactory and a modified 
method for its preparation was worked out. 

2. Eight derivatives of 2,4-dinitro-benzaldehyde were prepared and 
analyzed and certain physical properties and solubilities determined. 

3. These compounds, like many other similar condensation products, 
are affected to a greater or less extent by the action of light. 

Pittsburgh. Pbnna. 


{Contribution prom the Research Laboratory of the Eastman Kodak Com¬ 
pany. No. 85 i 

A STUDY OF THE SULFUR DERIVATIVES OF BUTYL ALCOHOL. 

By H. LbB. Gray and Gurney O. Gbtkjeunst 
R eceived February 20, 1920 

In the course of our work in this laboratory, it was necessary to prepare 
large quantities of butyl sulfone. This involved not only a complete 
study of the methods of preparation of the sulfone but of butyl sulfide as. 
well. 

Grabowsky and Saytzeff’ prepared butyl sulfide by heating an alcoholic 
solution of potassium sulfide with butyl iodide. A disadvantage of 
this method consists in the difficulty of preparing large quantities of al¬ 
coholic sodium or potassium sulfide so it was decided to prepare the butyl 
sulfide by distilling sodium sulfide with an aqueous solution of sodium 
butyl sulfate, the latter being prepared by the action of fuming sulfuric 
add on butyl alcohol. 

It was found that low yields were obtained by this method; this was 
* "Practical Methods of Organic C h e mi s try .** 

1 Am., tp, jji ( 1874 ), 
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not due to a poor yield of butyl sulfuric acid, but to the formation of butyl 
mercaptan as well as butyl sulfide This could not be attributed to the 
presence of large amounts of sodium hydrosulfidc in the sodium sulfide 
since the mercaptan is formed even in the presence of a slight excess of 
sodium hydroxide. It lias been found that scxlium butyl sulfate when 
distilled with sodium sulfide in presence of water tends to form butyl 
mercaptan in the following manner 
NatL 

/SO» + \ r a>S + H.O —► CdbSH + NatSO. + NaOH 
CJI.C/ 


We found that butyl sulfide is satisfactorily formed when the mixture 
of sodium butyl sulfate and sodium sulfide is refluxed, but that things 
go wrong when the mixture is distilled without first refluxing. This 
looks like a case of mass action, since butyl mercaptan is removed as fast 
as it is formed, but reacts further if it is kept in the reaction mixture. 
It was also found that the addition of a large excess of sodium hydroxide 
materially diminishes the formation of mercaptan when the mixture is 
distilled direct without refluxing. This is undoubtedly due to the forma¬ 
tion of the sodium salt of butyl mercaptan, which reacts with sodium butyl 
sulfate in the following manner 
Na(X 

/SO, f C<H«SNa —► (CiH s \,S + Na^SO. 

QH.C/ 

Gralwiwsky 1 prepared butyl sulfone by the action of fuming nitric 
acid on dibutyl sulfide. This method was thoroughly investigated and 
was finally discarded owing to the fact that a large excess of nitric acid is 
necessary and that the method is not dependable. The yield varied from 
30% to 70'.7 under apparently the same conditions, and great difficulty 
is experienced in purifying the product 

An attempt was made to oxidize the sulfide with nitrogen dioxide but 
was unsuccessful. 

Oxidation with sodium permanganate was then tried and proved to be 
very successful. Excellent yields were obtained, and the product was 
quite pure. 

During the course of these experiments butyl mercaptan was oxidized 
by means of potassium dichromate. A yellow oil resulted which boiled 
at 2*8-230° (uncon.) and which we assumed to be u-dibutyl disulfide. 


I. Butyl Sulfide. 

From Butyl Alcohol,— 350 g, of fuming sulfuric acid (20% sulfur trioxide) 
was gradually added to tooo g. of butyl alcohol with constant stirring. The 
mixture was placed on the water bath and heated for 15 hours It was 
then coded and the excess arid was neutralized with a saturated solution 
1 Ann.. 175 . W® 
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of sodium carbonate, and the unchanged butyl alcohol distilled off. 690 
g. of butyl alcohol was recovered. The use of sodium carbonate entirely 
in the place of lime eliminated 2 filtrations and does not affect the yield of 
butyl sulfide. The mixture was diluted to about 5 liters and slowly dis¬ 
tilled with a solution of 217 g. ('/s excess) of sodium sulfide, care being 
taken not to distil the sulfide too rapidly. The crude distillate was frac¬ 
tionated and yielded 107 g. (35%) of butyl sulfide and fit g. of butyl mer¬ 
captan It was thought that the small yield of sulfide might be due to 
a low yield of butyl sulfuric acid caused try the temperature of the reacting 
mixture being too low. The effect of refluxing at boiling temperature, 
the mixture of butyl alcohol and fuming sulfuric acid (20^ sulfur trioxide) 
resulted in the formation of dibutyl ether. 

Dibutyl Ether.—350 g. of fuming sulfuric acid was gradually added 
to 1000 g. of butyl alcohol as above. The mixture was boiled under a re¬ 
flux condenser for 15 hours, cooled, neutralized with sodium carbonate 
solution, and the butyl alcohol distilled off. The residue was slowly dis¬ 
tilled with 316 g. of sodium sulfide. Only 40 g. of butyl sulfide was ob¬ 
tained. The butyl alcohol distillate was fractionally distilled and yielded 
400 g. of dibutyl ether, boiling sharply at 140°. This represents a yield 
of 45 %- There is little doubt but that this method could be so developed 
that much larger yields of the ether could be obtained. 

Action of Sodium Butyl Sulfate on Butyl Mercaptan in Presence of 
Sodium Hydroxide.—90 g. of butyl mercaptan and 176 g. of sodium 
butyl sulfate were mixed, made strongly alkaline with 40 g. of sodium 
hydroxide, and boiled under a reflux condenser for 3 hours. An oily 
layer separated. The reaction mixture was cooled, and the oil layer 
separated This was dried over calcium chloride and fractionally dis¬ 
tilled. 77 g. of pure butyl sulfide was obtained, representing a 53% 
yield. 

Effect of Refluxing with Sodium Hydroxide Solution.-r350 g. of fuming 
sulfuric acid was gradually added to 1000 g. of butyl alcohol with constant 
stirring and the mixture heated on the water bath for 15 hours. It was 
then neutralized with sodium carbonate, and the butyl alcohol distilled 
off. 636 g. of the alcohol was recovered. 261 g. of sodium sulfide and 
200 g. of sodium hydroxide were dissolved in water and added to the re¬ 
action mixture. This was boiled under a reflux condenser for 3 hours 
and then slowly distilled. The crude sulfide was separated from the 
aqueous layer, dried and fractionally distilled. 266 g. (72 %) of butyl 
sulfide boiling between 180-185° was obtained. 

II. Butyl Stiff one. 

Oxidation with Nitric Acid.—545 g. (40% excess) of fuming nitric 
add (90%) was placed in a 3- liter round-bottom flask provided with a 
long reflux condenser, and heated to moderate boiling- 490 g, of butyl 



SULFUR DERIVATIVES OF BUTYL ALCOHOL. 


859 


sulfide was added drop by drop through the condenser- A vigorous re¬ 
action took place in the condenser tube. After all the sulfide was added, 
the contents of the flask were boiled until nitrogen dioxide fumes ceased 
to be evolved (about one hour). The reaction mixture was poured into 
an evaporating dish and as much nitric acid as possible evaporated off 
on the water bath. The crude mixture was dissolved in ether, neutralized 
with sodium carbonate, the ethereal layer separated, and the water solu¬ 
tion extracted once with ether. The ether extracts were washed with water 
and combined. On evaporating off the ether, a yellow oil was obtained 
which solidified on cooling in an ice and salt mixture. This yellow solid 
was broken up and centrifuged. The butvl sulfone was obtained as yellow 
crystals. A yellow oil also resulted. After several recrystallizations 
from alcohol, the sulfone crystallized as pure white flakes which melted 
at 43-5°- Yield, 308 g. or 63'^ of pure butyl sulfone. No further separa¬ 
tion of crystals resulted on cooling the yellow oil. This oil on distillation 
decomposed yielding butyl sulfide. 

The yields obtained by this method varied from 10 to 63'^, although 
the experiments were apparently conducted under exactly the same con¬ 
ditions. The method is unreliable and not to be depended upon as a 
source of butyl sulfone. 

Oxidation with Nitrogen Dioxide. -An attempt was made to oxidize 
butyl sulfide to butyl sulfone by means of nitrogen dioxide. For this 
purpose, sou g. of butyl sulfide was placed in a 500-cc. round-bottom flask, 
and the gas bubbled through slowly until no more heat was generated. 
The reaction mixture was neutralized with sodium carbonate and extracted 
with ether. Chi distilling off the ether and cooling the residue, a few crys¬ 
tals of butyl sulfone were obtained. 

Oxidation with Sodium Permanganate.—400 g. of dibuty! sulfide 
was placed in an open earthenware vessel and stirred by means of an 
efficient stirrer. Technically pure sodium permanganate solution was 
added in small portions. A very vigorous reaction took place with separa¬ 
tion of a large quantity of manganese dioxide. A 25'^ solution of sul¬ 
furic acid (equivalent to 163 g. of cone, acid) was added from time to 
time in quantities just sufficient to keep the mixture thin enough to ad¬ 
mit of efficient stirring. The jiennanganate was added until no more 
heat was generated, about 300 g. being necessary. The reaction mixture 
wa^ allowed to stand until the manganese dioxide had settled and an al¬ 
most colorless oil separated on top. This oil was poured off. The residual 
manganese dioxide was extracted with ether and the oil resulting from the 
ether extract added to the first. The oil solidified to a light yellow crystal¬ 
line mass on cooling in an tee and salt mixture. This crystalline mass 
was broken up and centrifuged, yielding practically pure butyl sulfone and 
a few g. of a light yellow oil. One crystallization from alcohol was sufficient 
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to obtain a pure product melting at 43.5 °. A yield of 390 g., or 80%, 
resulted. 

Summary. 

1. It has been found that butyl mercaptan in comparatively large yields 
is obtained on distilling a solution of sodium sulfide with sodium butyl 
sulfate. 

2. It has been shown that no butyl mercaptan is obtained when a large 
excess of sodium hydroxide is used 

3. It has been found that butyl sulfide can be obtained by the inter¬ 
action of butyl mercaptan and sodium butyl sulfate in the presence of 
sodium hydroxide. 

4. A method for the preparation of dibutyl ether is given. 

5. An improved method for preparing butyl sulfide has been described. 
Average yields of 72% can be obtained. 

6. It has been found that the oxidation of butyl sulfide to butyl 
sulfone with fuming nitric acid, results in a product difficult to purify 
and that the method cannot be depended upon to give constant yields 

7. It was found impossible to oxidize butyl sulfide efficiently to butyl 
sulfone by means of nitrogen dioxide. 

8. The conditions have been determined which permit the oxidation of 
butyl sulfide to butyl sulfone by means of sodium permanganate in 
yields which average 80'. 

We are indebted to Miss Ethel Schram, Mr. Erie M. Billings, and Mr. 
Luther M. Curtice for their assistance in carrying out parts of the ex¬ 
perimental work in this paper 
Rochester, N Y 
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Coal-T«r Dy«s .met Intermediates. 1st edition by li. DbBarrv Barnett, B.Sc. 
Land., A I.C, Consulting Chemist to Baxley. Mills and Co . Ltd., formerly Re¬ 
search Chemist to Levinstein, Ltd , and Works Manager to the Stockton-on-Tees 
Chemical Works, Ltd. D. Van Nostrand Co., New York, 1919 xvi + 213 pp„ 
14.5 X 22 5 cm. S3.50 net. 

This is the first of a series on Industrial Chemistry edited by Samuel 
Rideal. 

“Each volume will lie complete in itself, and will give a general survey 
of the industry, showing how chemical principles have been applied and 
have affected manufacture. 

* * * 

“An attempt will, in fact, be made to get away from the orthodox text 
book manner, not only to make the treatment original, but also to appea 
to the large class of readers already possessing good text-books, of whkl 
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there are quite sufficient. The book should also be found useful by men 
of affairs having no special technical knowledge, but who may require 
from time to time to refer to technical matters in a book of moderate 
compass, with references to the large standard works for fuller details on 
special points if required. 

* « * 

“It has long been a drawback of our technical education that the 
college graduate, on commencing his industrial career, is positively handi¬ 
capped by his academic knowledge because of his lack of information on 
current industrial conditions " 

It is quite evident from the above quotations that the series will be 
most useful to busy people who desire a brief description of well-known 
processes. 

Many people will not agree with the last quotation for in America it 
has been found no drawback to our graduates to l>e unfamiliar with in¬ 
dustrial processes. Plant research laboratories generally prefer a well 
trained laboratory' chemist The plant experience conies quickly when 
desired. 

The book in question is accurate in places and gives a number of good 
commercial processes in a brief and readable way' but it will be very mis¬ 
leading in a great many respects, for many of the methods are not in 
commercial use that are better known and are in operation Among 
a few of these replaced processes may be mentioned those for amino G 
acid, a-naphthyiamine, Laurent's acid, m-phenylenendiamine The method 
for G-arid is antiquated and American practice will not regard as com¬ 
mercial a process requiring a large mass to stand one week with frequent 
agitation as is stated m the description of crocein acid. 

It is true that much work has been published on the cyanine (quinoline) 
dyes in 1919 after the date of the author’s preface, but even so there was 
not much justification for the statement. “Their constitution is not 
known but they are probably triphenylmethane derivatives.” They are 
methane derivatives but certainly not triphenyl. 

The old sulfuric acid process described for the manufacture of phthalic 
anhydride is being replaced by the new method consisting of the vapor 
phase, catalytic, air oxidation of naphthalene. 

The author's remarks in the preface regarding patents, the writing in 
tile technical press and the research procedure from laboratory to plant 
are particularly pertinent. 

Not much is to be expected of a book treating of commercial processes 
for dyes and intermediates in 307 pages, but it is unfortunate that so much 
readable matter is clouded with misleading information so that the ordi¬ 
nary reader cannot distinguish the good from the bad. H. D. Gibbs. 
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The Realities of Modern Science. By John Mills. 330 pp. The Macmillan Coni' 
pany. $2.30. 

Studying this book leaves the general reader, for whom it is written, 
with a feeling that it is “different” and worth while. It covers a certain 
range in physics which might be called semi-mathematical, semi-molecular. 
The preface seemed to promise an excessive up-to-dateness. It includes 
the following boldness: “The existence of electrons and their determining 
effect in the composition of the chemical elements are easily demonstrable 
facts, compared to which the indestructibility of matter is a speculative 
assertion and the independence of mass and speed an exploded theory.” 

It was a little surprising to the reviewer to have to start far back of the 
real realities of modem science, and among the author's fancied visions 
of the most ancient of prescience. Earliest man, or that ancestor who first 
enjoyed the warmth of an accidental fire, or dug roots for his nourishment, 
is given a lot of attention. This linking up of science with prehistoric 
time destroys much of the effect of modemess. The average Boy Scout 
probably already knows pretty well the useful facts represented by the 
first 6 chapters. 

The Molecular Composition of Matter is treated in Chapter VII much 
as in general text-books on physical chemistry, and with Chapter VIII 
we arrive at the period of the electron. In this chapter we read. "An 
atom, we have reason to believe, always consists of a number of electrons 
and another part which is called the ‘nucleus.’ These electrons are little 
bits of electricity.” And of the electron, in part we read, “But as to the 
electron itself, no explanation can be given, etc.,’’ and, later, “But what is 
the nucleus? That we do not as yet know.” 

Of course, there is more on this subject, and better. It is unfair to give 
the impression that much of what is known about such things is not in¬ 
cluded in the Chapter, for it is. The ether is brought in, but no use made 
of it beyond such statements as that electrons must push on one another 
through a medium, and that a vacuum is full of ether, according to the 
ideas of the modern physicist. Thus for the general reader seeking the 
realities of modern science, the hypothetical is scrambled with the real. 
It seems as though the word "space” could have accomplished the desired 
end so far as that end is dear I believe this chapter would have seemed 
less didactic and would have been more comprehensible if the author had 
introduced at this point some of the historical facts which led to the passage 
from our previous different and indivisible atoms to the universally identical 
negative protyle, the electron. The following can hardly seem sufficiently 
encouraging and helpful, and might have been made clearer by related 
historical facts: “For convenience and few reasons connected with the 
history of the science, we call the electricity of the electron ne ga tive." 
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If vacuum tube or arc experiments could not have been used in this chapter 
to give the general reader some conception of the properties of electrons, 
surely Dr. Millikan’s wonderful and widely known oil-drop experiments 
could have been here introduced instead of being postponed to the back 
of the book. 

The reviewer prefers the book which pictures briefly the facts which led 
scientists to accept new viewpoints, and follows such introductions with 
as wide general exposition of what it all means as is desirable. The trouble 
with the old atoms themselves was that, in the hands of some writers, 
they grew too hard and round, too petrified, indivisible, and impenetrable. 

In an attempt to write for the general reader, the justifiable desire to 
be clear has called for much space. The book is full of references to things, 
perfectly familiar to any probable reader, which have apparently to be 
explained at length, and some of this matter takes the place of that which 
could have been used for telling about actual experimental observations of 
modern time. The parachute, for example, need hardly have been de¬ 
scribed, and an explanation that an automobile does not have to complete 
30 miles in order to be going at a 30-mile rate is overdone, even in a laudable 
attempt to make calculus easy. On the other hand, as supporting cer¬ 
tain fundamental principles, illustrations are given which lack the con¬ 
vincing property of obvious certainty, as. for example, the statement that 
substances absorb the same frequencies as they naturally emit and so 
heated red glass gives off a blue light. A boy who tried this might doubt 
the general principle. 

We are told concerning matter that we must always bear in mind its 
granular and electrical composition, but we are scarcely shown the reasons. 
As they may l*e more real than the conclusions, the average reader will 
want them. 

A chapter on Some Uses of Mathematics was a disappointment under 
this title. There are few uses in the chapter unless they are a reference 
to Newton’s mathematical method and Maxwell’s assumption that light 
is an electrical phenomenon. The chapter seemed to the reviewer a dear 
appeal for considering ail phenomena mathematically or symbolically 
for economy’s sake, and a good start to orderly conceptions. 

The chapter on Rates is concerned with Galileo and with abstract defi¬ 
nitions of rates, and not with modern science or its application, and much 
,the same applies to the chapter on Force. Modernity is not a character¬ 
istic of them, but mathematics is. 

The chapter on Molecular Motions and Temperature compares gaseous 
molecular motion to the flight of gnats, and draws the usual conclusions 
as to effect of concentration, etc. It adds very usefully the illustration of 
a small piece of paper tossed about by the motion of the gnats as an intro- 
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faction to Brownian movement. The application of the old observations 
of Brown (1827) has truly become a reality of modem science and one of 
much value. The rest of the chapter is an elementary discussion of 
Boyle’s Law and of the derivation of thermometry. This leads to a brief 
consideration of the absolute zero, —273° C., which is left to us as some¬ 
thing "probably never to be reached experimentally.” As a footnote 
states that helium was liquefied at —271.3“, the general reader might well 
ask support for the assumption that at least —1.7 0 may not still be sub¬ 
tracted in some way. 

Motion of Electrons. This chapter, in the middle of the book, be¬ 
gins to describe some modern realities of science, if by modern we mean 
something developed within the past century. 

On p. 204 is a doudy statement. In reference to magnetic properties 
we read (after reference to iron and nickel and cobalt), “In most other 
substances it is practically negligible. The substances in which there 
is any effect whatever are called ‘paramagnetic,’ while those like iron 
are known as ‘magnetic’.” One might question whether “any effect 
whatever” covers “practically negligible effects,” and whether diamagnetic 
effects have disappeared? 

In general there is a forced, or stilted impression created by the desire 
to foresee all effects on the basis of present theories. The extent to which 
such theories should predominate over simple and coordinated statements 
of observed facts is a question of judgment and a matter of opinion, but 
to the reviewer, it would seem more acceptable to read about the phe¬ 
nomena as observed and later the coordination which has become possible, 
for example, through the conception of electrons One can hardly be sure 
what future developments may be made of electrons, but the phenomena 
themselves in which they seem to take part are quite regular and de¬ 
terminable. On the other hand, we do not like to read: "About the con¬ 
ductor there is said to be a magnetic field.” We actually know there is 
a magnetic field there, but we may not be through our guessing as to its 
composition in terms of other concepts, which may have to be eternally 
pictured anew. 

The chapter on The Continuity and Correspondence of Molecular State* 
is dear and condensed. 

"Molecular Mixtures” begins with partial gas pressures and proceeds 
through the usual development of osmotic pressure measurements, the 
rise in baling point and reduction of freezing point, due to dissolved 
substances, etc. This is quite condensed and leads directly to the chapter 
on Electrolytic Dissociation. This subject is treated first from the modem 
electronic viewpoint, as though it would have been possible to guess the 
phenomena of conductivity of solution from electronics. Later on, the 
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historical development is explained as it took place, but the impression 
made by such arrangements, which are common in the book, is that the 
electron is being forced to explain “before the fact” more than is good for 
the understanding. 

“If the reader obtains a correct concept of molecules, atoms, and elec¬ 
trons, many important laws will appear to him as deducible.” This may 
all be true, but it is first through some clear, concise statements of experi¬ 
mental observations that correct concepts are reached. Possibly also, 
even then the reader will learn that some of the important laws only ap¬ 
pear, but are not actually deducible, owing to the apparent errant nature 
of Nature. 

In the lengthy discussion of the beChatelier-Braun principle, some of 
the illustrations seem of a kind little suited to elucidating the point. The 
statement that a stretched wire is cooled on account of the principle, or 
that it resembles the organic faculty of accommodation, did not make it 
clearer to the reviewer, because these in themselves are no clearer. Refer¬ 
ence to the wire experiment as a fact, would have saved the reviewer the 
trouble of searching for it 

Under Molecular Magnitudes, Perrin's work on colloidal particles is 
briefly but clearly given and is convincing Here again Millikan's work 
is referred to and description seems necessary at this point. This is still 
postponed, however, to the back of the book. Discussion of the molecular 
and the mercury vacuum pump contributes to this chapter. 

In the chapter on Molecular Energy there is a fine effort at coordinating 
the question of specific heats in general. The conception of quanta is 
interestingly introduced and properly left “in the hands of the future," 
but a more complete description of this idea might t>e in place in such a 
book. 

We do not like introducing new symbols, and as most physicists are 
learning to use the “h” and “nu'' these particular letters have probably 
come to stay. 

The chapter on Electronic Magnitudes is by far the most interesting 
one. The impression gained from it is that it deals with relatively simple 
experiments of the utmost significance. Nothing is said about what ought 
to occur because of previous conceptions, but rather what did occur under 
the conditions of Dr. Millikan’s classical experiments, those of C. T. R, 
Wilson (not mentioned) and Moseley. It repeatedly seemed to the re¬ 
viewer that this chapter should have formed a much more prominent and 
an earlier part of a new book on the *' Realities of Modern Science.’ ‘ Chap¬ 
ters on Machines of the Ancient World, Weights and Measures, The Be¬ 
ginning of Knowledge, the Beginnings of Science and the. Beginnings of 
Experimentation, while constituting material "adapted to the future citizen 
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- »«Jaet than the future scientist,” do not contain that quality of our modem 
physical facts which encourages the future citizen to “carry on” untlt he 
can reads the wonderful, instructive, and interesting Realities of Modem 
Science W. R. Whitney. 
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PREPARATION OP FORMALDEHYDE.' 

By Moyer Dkewyn Thomas. 

R.ott A Dec mber 12, 1919. 

The preparation of formaldehyde was first accomplished by Hofmann* 
by passing air laden with methyl alcohol vapor over a heated platinum 
wire. The process was greatly improved later by Tollens’ and Loew, 4 
who substituted a roll of copper gauze for the platinum catalyst. In 
1908 0. Blank* recommended silver, precipitated on asbestos, as a much 
more efficient contact agent than copper. Finally Jobbling, in his mono¬ 
graph on catalysis, has made the statement that gold is the best catalyst 
of all for this purpose. 

Two systematic investigations bearing on this subject have been pub¬ 
lished. Orlaff* studied the effect of variations in the following factors: 
(a) the amount of alcohol vapor in the air; (6) the speed of the gas; (e) 
the nature and dimensions of the catalyst; (d) the purity of the alcohoL 
As catalysts, copper in various forms was tried as well as platinum, mantle 

1 From a dissertation submitted to the University of Oxford, February, 1919. 
* in partial fulfilment of the requirements for the Degree of Bachelor of Saencn. 

•Hofmann, Ann., 145, 337 (»868); Ber« 2, 152 (1S69); n, j686 {1878). 

• Tolleas, Bet., 15, 1619 (tSBa); 16, 917 (1883); 19, 3134 (1886). 

•Loew, /. prakl. Cktm., faj 33, 324 (1886), 

• O. Blank, f>. R, P., 218697. 

• Orfaff: "Formaldehyde," translation by KietaJhl. 1909; CnOr., 1908, 1 ,114 aad 
»Mi *9 «*i H, « 499. 
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oxides, vanadium oxide, and iron. The best results were obtained with 
rolls of copper gauze, when the reaction mixture contained from 0.37 to 
0.6 g. of oxygen per g. of alcohol. A roll of 30 mm. diameter gave a 
maximum yield of 54.5% while a 15 mm. copper roll yielded 49%. The 
best speed of the gas past the catalyst was found to lie within the limits 
140-160 liters per hour. 2% of acetone in the alcohol caused a hotter 
reaction and an appreciable lowering of the yield, while traces of sub¬ 
stances containing chlorine in the alcohol poisoned the catalyst. 

Be Blanc and Ptaschke* have investigated the action of a roll of silver 
gauze with great thoroughness. The conditions of the experiment 
were rigidly controlled, and it was shown that silver was a better catalyst 
than copper. Some of the results are plotted on the curves for compari¬ 
son with the results of the present investigation. Attempts were made to 
measure the temperature of the catalyst, but it is evident from the work 
below that these attempts did not succeed. 

The following investigation was undertaken at the suggestion of Pro¬ 
fessor W. H. Perkin to supply more information concerning the process 
of making formaldehyde. The results are particularly interesting be- 
because the corresponding yields of formaldehyde are considerably higher 
than the yields recorded by either Orlaff or he Blanc, though the work 
of these two investigators is in general confirmed. 

The arrangement of the apparatus was not essentially different from 
that used by Tollens. Air was drawn through a loosely packed soda- 
lime tube into a gas meter. Then it was dried in 2 sulfuric acid bottles 
and led to a battery of 3 flasks immersed in a thermostat regulated to 
*0.05°. These flasks were joined together by well-insulated connec¬ 
tions and both the intake and exit tubes were provided with glass taps; 
also each flask carried a dropping funnel. About 100 cc. of methyl alco¬ 
hol was placed in each vessel and the battery was accurately weighed 
before and after each experiment. It was possible to secure complete 
saturation of the gas at all the speeds employed, with this system. The 
air-alcohol vapor mixture was now warmed to ioo° by passing it through 
a coil heated with boiling water, and then led directly to the reaction 
chamber containing the catalyst A hard glass tube served as a reaction 
chamber for the first 3 series of experiments, but it proved unsatisfactory 
because it could not stand the strain of the high temperatures without 
breaking cm cooling. Feu the last series, an opaque silica tube was used 
In all experiments the wire gauze was well wrapped in prepared asbestos 
in order to force all the gas to go through the roll 

The reaction chamber communicated with a large air-cooled flask in 
which a solution condensed containing from 33 to 50% formaldehyde and 
from 5 to 30% alcohol. After this flask was placed a condenser and an- 
' he Blanc and Ptaschke, 2. EUbrocJim., xf, 43 (rgn). 
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other receiver; then a or 3 weighed wash-bottles and a sulfuric acid bottle. 
Only traces of alcohol and aldehyde reached the drying agent. There 
was now provided a gas sampling pipet containing mercury. The tap 
of this pipett was opened at the beginning of the experiment as soon as 
the air had been swept out of the apparatus, and the sample was allowed 
to leak in slowly throughout the entire ran. Finally the apparatus led 
to another gas meter (provided with a manometer); then through a con¬ 
trol tap and a large stabilizing bottle, to the pump. 

At the commencement of an experiment, the catalyst was warmed to 
about 400but as soon as the stream of air was started, this external 
heating was discontinued. The speed of the gas could be adjusted quickly 
and sufficiently closely by regulating the pump and the last control tap. 
A run was allowed to proceed for from 15 to 90 minutes, according to the 
conditions. At the end the distillates and wash waters were carefully 
weighed and analyzed. The formaldehyde in the distillates was deter¬ 
mined by the “sodium hydroxide-hydrogen peroxide” method 1 but the 
wash waters were analyzed by Romija’s iodine method * The alcohol was 
found by oxidizing with chromic acid* and making allowance for the for¬ 
maldehyde present. The gas sample was analyzed in an Orsat apparatus. 

It was thus possible to control each experiment in 3 different ways: 

(1) Amount of alcohol taken ■= alcohol accounted for in products as 
unchanged alcohol, formaldehyde, carbon monoxide and carbon dioxide. 

(2) Volume of nitrogen in air = volume of gaseous products less volume 
of carbon monoxide, carbon dioxide, hydrogen and oxygen. 

(3) Volume of hydrogen in products was compared with the theoretical 
amount according to the equations below. Ah of these comparisons 
showed good concordance in most of the runs. 

Four series of experiments are here recorded with 4 different catalysts. 

(1) A copper spiral: Length 74 nun ; diameter 14 mm. 

Weight 30.5 g ; mesh 61 (per inch). 

(1) A silver spiral: Length 75 mm.; diameter 10 mm. 

Weight 13.3 g ; mesh 53. 

(This gauze had been used for halogen combustions.} 

(3) A new silver spiral: length 10; mm.; diameter 13 mm. 

Weight 40.75 g ; mesh 61. 

(4) A gold-plated copper spiral: Length 100 mm.; diameter 14 mm. 

Weight of copper 31.35 *• 

Weight of gold 240 g,; mesh 35. 

The effects of varying the following factors was sought: the proportion 
of air to alcohol vapor; the speed of gas; the length of the catalyst; and 
the purity of the alcohol. Curves have been drawn to illustrate the re¬ 
sults. A serious difficulty arises when one seeks to depict graphically 

1 Haywood and Smith, Taa Jooxnau, ay, 1188 (*905). 

* Williams, ibid., 37, 596 (rgoj). 

* Blank and Flnkeabemer, fisr, 39,1336 (1906). 
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the Influence on the yield, of changing the composition of the reaction 
mixture, because the heating effect increases as the proportion of oxygen 
in the gas increases; and also as the speed is raised. Le Blanc and 
plaschke used constant temperature of the catalyst as the basis of this 
comparison, thus ignoring the effect of large differences of speed. (Also 
it is altogether probable that their temperatures were not constant at all.) 
In the curves below, constant speed of the air has been chosen for this 
comparison. This is equivalent to saying that the oxygen supply to the 
catalyst was held constant; therefore the heat of the reaction was nearly 
constant, though the temperature actually generated depended on the 
dilution with alcohol. 

The alcohol used was carefully fractionated with a 5-piece Young’s 
column. It boiled constantly at 65 o° (758 mm.), and contained 0.02% 
of acetone. 

It was noted in the experiments with silver that the quantity of alco¬ 
hol carried off at constant temperature, by the same amount of air, varied 
appreciably from day to day, as well as with different speeds of the air. 
These variations were shown by the gas law to be due to differences in 
the total pressure in the vaporizers. Accordingly, in the last series of 
experiments, a manometer was put into communication with the last 
vaporizing flaslc through the dropping funnel, and the pressure was ad¬ 
justed by means of the tap on the intake tube of the first flask. Good con 
cordance in the quantity of alcohol vaporized at constant temperature 
was thus obtained. It is remarkable that Le Blanc and Plaschke should 
have had such excellent concordance in this factor without regulating the 
pressure. 

Various attempts were made to determine the temperature of the 
catalyst, which ranged from a dull glow, visible only in the dark, to a 
bright red heat. That part of the roll nearest the entrance end of the re 
action tube was always the hottest. When a thermocouple, protectee 
by a thin-walled hard glass tube, was embedded here, it registered tempera 
tores from 350 to 565° in both the third and fourth series of experiments 
This was the range that Le Blanc and Plaschke had observed also. But i 
seemed probable that the incoming gases exercised a cooling influence be 
cause the temperatures indicated were frequently anomalous. There 
fore, when the last series was finished, a piece of gold gauze was roll© 
on a small, thin walled quartz tube, closed at one end, and the whole wa 
placed in a large, silica tube, so that the open end of the smaller tube com 
municated with the outside. A copper-constantan couple was prepare 
and standardized with sulfur (444*); phosphorus pentasulfide (515*) 
potassium iodide (m. p. 623*); and potassium chloride (740“). Thi 
could be introduced into the center of the rob and the place of maxlmur 
temperature easily found. 
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The conditions which had obtained in each experiment of the series 
in turn were now accurately duplicated. A range from 530 0 to above 
900® was thus found, indicating that the values previously found were 
quite worthless. 

Experiments with Copper. 

The roll of copper gauze was quite new and had the dimensions recorded 
above. It was well packed into a hard glass tube with Gooch asbestos. 
When packing was loose the yield of formaldehyde was appreciably 
lower than when it was tight. The series is not complete, but enough 
results are given to serve as a basis for comparing copper as a catalyst 
with gold and silver. The optimum speed of the air was about 130 liters 
per hour and this speed was used throughout this series. The tempera¬ 
ture of the catalyst was not measured. The yield of formaldehyde was 
calculated in z ways. The "process yield” is the percentage of the total 
alcohol taken that was converted into formaldehyde; and the ‘‘absolute 
yield” is the percentage of alcohol affected by the reaction which was 
found as formaldehyde. From a commercial point of view the second 

14 COPPER ROLL 



Grams Oi per gram alcohol 
Fig. j, 

Speed of air: 115-140 liter* per hour. 


Curve I.—Ilhwtrates the influence of imperfectly packing the roll of game tat* 
the tube 
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yield is the more important because the unchanged alcohol can be recov¬ 
ered by fractionation. 

The curve representing the “process yield” is unique by comparison 
with the curves for the other catalysts, because it rises so rapidly at first 
as the proportion of air to alcohol is increased; then it breaks sharply and 
continues rising much more slowly. Also the maximum yield occurs 
when the oxygen content of the gas is higher than with the other metals. 
(See Fig. i.) Likewise the curves representing the “absolute yields” 
and “total destruction” have a different form as compared with the corre¬ 
sponding curves for the other metals. 

Experiments with Silver. 

I. An old silver spiral which had been used for halogen combustions 
was next tried after heating it long and carefully in a flame The first 
experiments gave yields that were both low and erratic. But the fifth 
run employed a high proportion of oxygen to alcohol and was, therefore, 
attended by a rather high-temperature reaction. When the preceding 
runs were now duplicated a regular curve was obtained. After a second 
strong heating, the curve was pitched still higher with respect to the yield 
of formaldehyde, but the series had to be discontinued because of the ex¬ 
tremely fragile condition of the roll. This series shows clearly the harmful 
effects of traces of impurities, probably halogens, on the silver. But at 
the end of this series, the silver roll seemed to be operating in a manner 
almost identical with that of the new silver gau/e described below, so that 
these impurities can be removed by heating. 

II. A much more complete series of experiments than either of the 
preceding was now performed with a roll of new silver gauze in a hard 
glass tube (Table 11}. The reaction tube broke after the fifteenth run 
and the roll was damaged in shifting it to another tube. But cm repeating 
the first experiment concordant results were obtained, showing that the 
damaging of the roll had a negligible effect on the process. (Table II, 
Nos. n and 12.) 

It is remarkable that variations in the speed, when the composition 
of the reaction mixture was held constant bad such a small effect on the 
results in spite of large temperature differences on the catalyst, which were 
obvious from the appearance of the metal. This series is characterized 
by extremely low “total destruction" of the alcohol (i. e., alcohol decom¬ 
posed into carbon monoxide and dioxide); combined with high “process 
yields" of formaldehyde (Fig. 2). The highest "process yields” were 
obtained when the gas mixture contained about 0.45 g. of oxygen per 
g. of alcohol. But the best absolute yields required less than 0.3 g. 
of oxygen per g. of alcohol. (Fig. 2). It was possible to obtain an abso¬ 
lute yield oi 93.0% and a process yield of 55.5% when this ratio was 
0.35 g. of oxygen per g. of alcohol. 
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It will be noted that the general form and direction of the curves are 
almost identical with those found by Le Blanc and Plaschke, but the 
yields of formaldehyde are about 10 to 15^ higher and the “total destruc¬ 
tion" about 5% lower The reason for this variation was not determined 


/J Mm SILVER ROLL 



Crams Q, per gram alcohol 
Fi* * 

Curves I—Speed of air rSo-ijo liters per hour. 

Curves II —Speed of air 160-1 So liters per hour 

Curves III—Speed of air 110-130 liters per hour 

Curves IV—Speed of air 90-100 liters per hour 

Curves V—Characteristic results from l e Blanc and Plaschke. 

Diameter of silver roll. 30 mm Speed of air about same as indicated by no¬ 
tation above 

but the conditions attending the i sets of experiments differed in the fol¬ 
lowing details, he Blanc and Plashke used a roll of gauze 30 mm. in 
diameter and worked at pressures of 7 70-800 mm. in the reaction chamber, 
whereas in this investigation the roll was 13 mm. in diameter and the 
pressure in the reaction chamber 715-750 mm. 

Experiments with Gold. 

A piece of copper gauze was electroplated with pure gold. The coat¬ 
ing of metal was made thick and coherent by frequent scratch-brushing. 
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The experience gained in the foregoing work was used to make this series 
as complete and uniform as possible. An opaque silica tube was used as 
the reaction chamber and it withstood all the experiments without break' 
ing, The thermostat was enlarged, to make it easier to regulate at the 
beginning of a run, so that it was possible to avoid a fluctuation of more 
rhnn 0.05° at this time . Finally a manometer was attached to the^ast 
vaporizing flask as described above. 



Fig 3 


Curve I—Speed of air: wo liters per hour 
Curve XI—Speed of air: 130 liter* per hour 
Curve III —Speed of air: roo liter* per hour 
Curve IV—Speed of air: 60 liters per hour 

Only 4 different speeds of the air were used throughout. It will be 
observed that speed had a tremendous influence on the process at con¬ 
stant composition of the gas mixture. Gold has a much greater tendency 
to decompose formaldehyde than silver. This also is shown by the curves 
illustrating the “total destruction" of alcohol (Fig. 3). With silver, speed 
has no influence on "total destruction;" with gold this value increases 
dhectly with the speed When the length of the roll was cut down, the 
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yields of formaldehyde increased slightly and it is evident that the reac¬ 
tion was practically completed in the first 2 centimeters erf the roll {Kg. 
4). The maxi mum process yield (65%) was obtained when the reaction 
mixture contained 0.425 g. of oxygen per g. of alcohol. When this ratio 
was 0.245 : 1 the process yield was 49.7% and the absolute yield 90.4% 
(Fig- 3 )- 

Three experiments were performed (Table III: Nos. 26, 27, 28) in which 
water and acetone were added to the reacting mixture by allowing the 
liquid to flow from a buret into the preheating coil at ^controlled rate of 
speed. When the ratio of weight of alcohol to water was 9 to 1, the process 


GOLD ROLL 



Fi«- 4 - 

Icfluence of length of the roll on the "process yield” of formaldehyde. 

was only slightly affected. The addition of 1.7% acetone to the alco¬ 
hol caused a somewhat hotter reaction, but did not change the yield ap¬ 
preciably. 

In Fig. 5, the total amounts of alcohol affected by the catalyst, (i. 
alcohol converted into formaldehyde, carbon monoxide and dioxide), have 
been plotted against the composition of the reaction mixture, at constant 
, ; speed of the air. One curve is given for each of the 3 metals. The values 
for the gold were found by interpolating from higher and lower speeds of 
air. Silver is thus seen to be more active than copper, which in turn Is 
slightly more active than gold. And since silver is less active than the 
other a in decomposing formaldehyde it is undoubtedly to be p re fe rred 
to copper or gold as a catalyst in this reaction 
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Theoretical. 

The fundamental reactions of this process are no doubt the following 
dehydrogenations. 

CHiOH —HCHO + H, 

HCHO —► CO + Hj 

These are then followed by partial oxidation of the hydrogen and car¬ 
bon monoxide until all the oxygen is used up. 



Carve I—13 nun silver roll 
Curve II—14 mm copper roll 
Curve III—14 mm gold roll 
Speed of atr. 1,5 liters per hour 

The theoretical excess of hydrogen is readily calculated from these 
equations by means of the formula: 

l(Wt. of HCHO 22.4/30) + 2(vol. CO + CO,)] — (2 vol.Oa - l /»vol. CO,.} 

This result is then divided by the volume of the gas products to give 
the percentage of hydrogen. From the tables it will be seen that this 
value agrees quite closely in most cases with the percentage of hydrogen 
actually found. 

It should be noted also that Le Blanc and Flashke 1 were able to get a 
37% yield of formaldehyde by passing alcohol vapor free from air over 
a copper spiral heated to 600 to 700 °. It was observed, however, that 
this yield fell off gradually to 4% as the experiment was repeated, but 
the activity of the metal could be restored by oxidizing and reducing it. 

1 Lac. at. 




PREPARATION OP FORMALDEHYDE. 


881 


Accordingly the function of the oxygen seems to be, aside from maintain¬ 
ing tiie necessary temperature, to keep the catalyst active by oxidizing 
and removing any “poisons” and also by keeping the surface of the metal 
in the proper physical condition. 

The amount of carbon monoxide in the gaseous products offers some 
interesting data for consideration. It will be seen from the experiments 
with gold, that the quantity of this constituent in the gas increases, (r) 
when the speed of the gas is increased, the composition of the reaction 
mixture and the dimensions of the catalysts being unchanged; (2) when 
the proportion of oxygen to alcohol is raised, the other 2 factors just men¬ 
tioned being constant; and (3), when the length of the roll of gauze is de¬ 
creased, the other conditions being unchanged. The first 2 factors in¬ 
volve an increase in the temperature of the reaction and in general a cor¬ 
responding increase in the quantity of alcohol “completely destroyed.” 
But in the first case the quantity of alcohol completely destroyed is usually 
influenced more by the length of time of contact of the gases with the 
catalyst than by the temperature of the reaction and, therefore, it is not 
so much the quantity of total decomposition that influences the carbon 
monoxide content of the gas. The reaction 

CO* -f Hj = HjO + CO 

suggests itself as a possible explanation, but this equilibrium is so slow 
that it could not play an important part in this phenomenon The fol¬ 
lowing table, taken from the data of the gold roll, and the work of Hahn 1 
on this reaction, indicates that though the equilibrium is in every case 
far from complete, it is always less complete when according to the theory 
one would expect it to be more complete: 


TaBI .13 IV. 


Oram* Oj 
per grain 
alcohol. 

Approximate 
maximum tem¬ 
per* lure catal¬ 
yst. 9 C. 

Length 

of 

catalyst 

Cm, 

Liters 
of air 
per hour 

CO 

* 

,, CO 11,0 

K - - 

CO. H» 
(found) 

K 

Calc. 

0.369 

720 

to 

149 

0 >0 

0 02 

0.64 

0.367 

720 

6 

*49 

0 88 

O 1 7 

0.64 

0.368 

720 

4 

150 

0 60 

0 105 

O.64 

0 365 

720 

2 

'♦7 

« 35 

0.24 

O.64 

0.427 

950 

10 

>95 

4.25 

0 69 

U 

0 423 

850 

30 

>52 

0.40 

0 056 

I.08 

0.422 

735 

IO 

J06 

0.22 

0 025 

0.69 

0.422 

605 

IO 

65 

0 05 

0 0035 

0.3O 

0.374 

770 

JO 

303 

» . IO 

0.24 

0.82 

0.516 

790 

IO 

97 

0,55 

0 <m 

0.85 


The data are insufficient to permit drawing any definite canduskxn in 
regard to the matter, but it seems probable that the reaction is not always 
completed on the catalyst when the speed and the "total destruction” 
* Halm, Z . pkys . Ck * m ., 42, 705 (1903); 44, 513 (1903); 48 ,735 (> 9 <> 4 )- 
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an high. Under these circumstances the carbon monoxide, which is 
ordinarily burned completely to dioxide on the catalyst, in spite of the 
large excess of hydrogen, is only partially oxidized on the metal, and when 
the gases containing some free oxygen are swept past the catalyst the 
oxygen is used up by the hydrogen instead of by the carbon monoxide. 
No steps were taken to test this theory, however 

Summary. 

The results of this investigation may be summarized as follows- 

1. Silver is more active as a catalyst than either gold or copper in in¬ 
ducing the dehydrogenation of methyl alcohol. At the same time it 
causes tess decomposition of formaldehyde so that the yield of this product 
is greater with silver than with copper or gold. 

2. With silver, an absolute yield of 95 0% and a process yield of 55.6% 
was obtained when the reaction mixture contained 0.25 g. of oxygen per 
g. of alcohol. Under similar conditions with gold the absolute yield was 
90.5% and the process yield 50.5%. These values for copper, found by 
extrapolating the curves, would be about 88 5 and 40%, respectively. 

3. The best process yields were obtained with silver and gold when the 
reaction mixture contained o 4 to o 5 g. of oxygen per g. of alcohol. 
With copper, this value was higher, o 55-0 65 g of oxygen per g. of alco 
hoi. 

4. The optimum speed of the air for all 3 catalysts was 125-150 liters 
per hour. 

5. The length of the roll of gauze did not exert a very marked influence 
on the process. 

6. The temperature of the reaction was measured for the gold roll and 
Was found to vary from 520° to above 900 0 according to the conditions. 
The temperatures of the silver roll were probably about the same. 

7. One and seven-tenths % acetone or 10% water in the alcohol did not 
the influence process appreciably (gold roll). 

8. An old silver roll which had been used for halogen combustions gave 
vety low and erratic yields until it had been purified by several very high 
temperature reactions. The "poisoning” substances seem to have been 
retained with great tenacity. 

9. Evidence is given to indicate that the essential reactions are de¬ 
hydrogenations followed by the oxidation of hydrogen and carbon mon¬ 
oxide. 

The author acknowledges his indebtedness to Professor W. H. Perkin, 
under whose supervision this work was carried out, for encouragement 
and many helpful suggestions. 

Loom, Vtam 
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RED PHOSPHORUS AS A REDUCING AGENT. 

By Ludwig Rossnstbin. 

Received December 26, 1919 

In qualitative analysis all the group separations and by far the larger 
number of individual separations are based on the precipitation of rela¬ 
tively insoluble compounds. Such precipitation reactions are always 
reversible and the extent to which they proceed in the one direction or 
the other depends cm the conditions under which the precipitation Is 
carried out. Consequently we find many cases in which the qualitative 
separations by precipitation are imperfect and others in which useful 
results can only be obtained by strict adherence to narrowly limited con¬ 
ditions. On the other hand, reactions involving valence change as well 
as precipitation are very frequently of such a nature that broad condi¬ 
tions may be described under which they run to completion. For exam¬ 
ple, silver ion will react with metallic copper to give metallic silver and 
copper ion, and under the usual experimental conditions the precipita¬ 
tion of the silver is complete. Wherever such reactions can be used in 
qualitative analysis we may expect a sharp and unambiguous separation 
to a large measure independent of the experimental conditions. 

With this thought in view the actions of a number of reducing agents 
on add solutions of metallic salts were investigated. 1 Hydroxylamine, 
hydrazine, and hydrosulfurous add were soon found to have only limited 
applicability; phosphorous and hypophosphorous adds gave more promising 
results; and it was finally found that red phosphorus, in a large number 
of cases, would react smoothly and completely as a reducing agent in add 
solutions. 

Red phosphorus as a reducing agent seems to have received little at¬ 
tention, although the action of yellow phosphorus and phosphine on neu¬ 
tral or alkaline solutions of metallic salts has been the subject of a num¬ 
ber of investigations.* The reactions with red phosphorus, aside from 
their possible application to qualitative analysis, are interesting in them¬ 
selves; in a number of cases metallic phosphides not previously observed 
are precipitated, and these phosphides, while entirely inactive toward 
hydrochloric add, sulfuric add, or alkali, are decomposed by dibits n i t ric 

1 A. A. Noyes has suggested the use of metallic silver as a reducing agent in qual¬ 
itative analysis. He found that Hg, Pt, Pd, and Ru could be precipitated by shaking 
their add solutions with precipitated silver. See Z. EUktrocktm.. 9, 839-40 («90j). 

1 Granger, Cempi. mi ., tit, *31 (1893); Atm. ckim. phys., J7I14,5 (1899); Crow 
and Higgins, J . Cbm. See ., 35,149 (1879}; Rom, Pott - Am., 6, aoft (iBtfi); 14, lit 
(t8*8); Rubenoritch, Compt. mi ., ttt , 370 (1898); 1*8, 1398 {1899). ** 9 » 33 * (189*); 
Kuhsch, Am, 131, 347 (1883); Oppenhehn. Str., 5, 979 (187a); Sidot, Cmpt, Mud, 
**,'1434 (i» 7 T)- 
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add, red phosphorus being one of the products of the reaction. It seemed 
desirable, therefore, to begin a systematic investigation of the action of 
red phosphorus on acid solutions of metallic salts. 

This investigation is by no means complete. Some of the experiments 
need amplification and confirmation, and in none of the cases has the nature 
of the reactions received any adequate attention Conditions are such 
that resumption of the work in the near future seems unlikely, so the ob¬ 
servations, in rather fragmentary form, are presented in the hope that 
some one else may find them sufficiently interesting to continue. 

Altogether about 120 experiments were performed; these will not be 
described in detail, but instead will be given a short summary of the find¬ 
ings under the heading of the respective ions. A large part of the experi¬ 
ments were performed by Mr. R. N. Donaldson in 1916, and I wish, in 
this place, to express my thanks to him for his faithful and painstaking 
work. 

Of the omissions made necessary by lack of time or material, the author 
most regrets that experiments were not performed with ceric salts, uranyl 
salts, tungstates (meta and para) stable in acid solution, rhodium and 
ruthenium, salts, thallic and thallous salts. From analogy with the cases 
studied it seems likely that ceric salts would be reduced to cerous; uranyl 
to uranol salts; meta and para tungstates probably unaffected; rhodic 
to rbodous salts; ruthenium salts to metal or a phosphide; and thallic to 
thallous salts. 

Experimental Results. 

The experimental results obtained will be described under 4 heads, 
namely Group A, those ions reduced and precipitated by red phosphorus 
from add or neutral solutions, Ag + , Cu ++ Hg + , Hg ++ , Pd ++ , Au +++ , 
Os + *, SeO« ; Group B, those ions reduced but not predpitated from 
add solutions, Sn+S Fe +++ , Ir+ 4 , MoO«— VOi~, Cr »07 , and MnO,~; 

Group C. ions which were found not to react with red phosphorus in acid 

solutions, Bi +++ , Pb++, Cd ++ , Sb +++ , As +++ , AsO t -. Sn ++ ; Group 

D, ambiguous caaes, those ions with which the reduction, if any, was very 
slight, but for which the evidence of no reduction was not condusive, 
Pt + ‘, and TeO<—. 

In all experiments, except where it is otherwise stated, red phosphorus was 
added in excess. Usually from too to zoo mg. was used. 

In ah these experiments both silver and copper were predpitated as 
phosphides and red phosphorus was oxidized to an add lower than ortho- 
phosphoric. The pure phosphides of silver and copper were prepared by 
boiling red phosphorus with excess of silver nitrate and copper sulfate, 
respectively. The silver phosphide was grayish brown while the copper 
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Table I. 


Group A. Silver and Copper Salts.—Volume 10 cc. 


Salt. 

Solvent. 

Weight. Mg. Ag. 

'I tme of boftftlg. 

AgNO, 

H .0 

IOO 

5 min. 

AgNO, 

H ,0 

10 

5 mm 

AgNO, 

H ,0 

] 

5 mm. 

AgtSO/ 

HiO 

150 

5 min. 

Ag»SO,* 

H .0 

1 

5 min. 

A&SO,* 

61 V H(SO, 

150 

5 min. 

Ag,SO,* 

isN’H.SO, 

150 

5 min. 

CuSO, 

H,0 

500 

M*. Cu. 

15 min. 

CuSO, 6 

H .0 

1 

15 min. 

CuSO, 

3 N H„SO, 

500 

15 min. 

CuSO, 

6 N H.SO, 

I 

15 min. 


Reduction complete in all experiments. 

* Ag,SO, largely in suspension. 

* Precipitation of minute traces of copper by yellow phosphorus has been ob¬ 
served by W. N. Ray. Th» Jouknal, 38, 887 (1916). 

phosphide 1 was metallic gray With hydrochloric or sulfuric acids neither 
compound reacted, but dilute warm nitric acid decomposed 'them giving 
red phosphorus. 

Table II. 

Group A. Mercurous and Mercuric Salts 


belt. 

Solvent 

Vol. 

Cc. 

Wt. 

Mg 

Tims or 
boiling 
Min. 

Reduction 

Remarks 

HfO, 

n»o 

IO 


»3 

None 

Sat. solution 


0.13 -V HNO, 

26 

. .. 

7 

Complete 



DU. HPO, 

23 

... 

5 

Complete 

3 drops HPO, added 

HgxSOi 

61 V H,SO, 

IO 

IOO 

5 

Complete 



61 V H,SO, 

IO 

IO 

5 

Complete 



6 N H,SO, 

10 

I 

5 

Complete 


HgNO, 

H .0 

IO 


10 

Complete 

Sat. solution. Acid 







with HXO,. Vigor¬ 
ous evolution of ox¬ 
ides of nitrogen. 


The first 2 experiments recorded in Table II suggested that the reduction 
Of mercuric chloride by red phosphorus is unusually slow and is appar¬ 
ently catalyzed by an oxidizing agent. It seemed probable that the true 
catalyzer was the metaphosphorous add (HPOj) formed by the action of 
nitric add on red phosphorus, and the third experiment confirmed this 
supposition. 

> Granger {he, (it.) prepared a similar phosphide of copper by beating as am* 
w on lo ca l solution of copper sulfate with red phosphorus. 
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Table in. 

Group A. PaUadous and Auric Salts. 


Salt. 

Solvent. 

Vol. 

Cc. 

Wt. 

Mg. 

Time ef boiling. 
Min- 

PdOi 

HjO 

10 

10 Pd 

5 


HjO 

10 

I 

5 


6VHC1 

10 

I 

3 

Audi 

o.oi N HC1 

30 

1 Au 

s 


3 VHCI 

ao 

I 

IO 


Reduction was complete in all experiments. 

When red phosphorus was treated with an excess of auric chloride solu¬ 
tion a brown-black substance was formed which was unreactive towards 
hydrochloric and sulfuric adds, but liberated red phosphorus when treated 
with warm dil. nitric add. After the action of nitric add a reddish 
brown residue remained which proved to be metallic gold. The gold was, 
therefore, predpitated as a phosphide. 

Table IV. 

Group A. Osmic and Selenic Adds. 


Salt. 

Solvent 

VoJ. 

Cc 

Wt. Time of boiling. 
Mg. Min 

Remarks. 

Ota, 

jATH^SO- 

13 

10 Os tj 


HtScO. 

' H »0 

30 

50 Se 25 

Solution* were 

HjSeO- 

3N HO 

20 

50 Se s 

entirely free 

HiSeOt 

3 AT hci 

20 

5 Se S 

from Se. 


Reduction was 

complete in all experiment*. 



In experiments with osmiates care was taken to heat on the water bath 
before actually boiling to prevent the volatilization of osmic add. This 
preliminary heating effected nearly complete reduction. 


Table V. 



Group B. 

Stannic, Ferric and Iridic Chloride*. 



Vol. 

wt. 

Time of boiling. 

S*1L 

Sotmrnt. 

Cc. 

M*. 

Min. 

Reduction. 

SnCh 

llfHd 

30 

200 Sn 

3° 

Incomplete to Sn ++ 


3 A HO 

30 

20 

3° 

Incomplete to Su ++ 

FeCh 

iffHa 

10 

300 Fe 

15 

Complete to Fe** 


3NHCI 

10 

10 

15 

Complete to Fe** 

IrCh 

xlV H1SO4 

3 ° 

10 Ir 

21 

Solution became color¬ 
less. Redaction com¬ 
plete tolr**. No evi¬ 
dence of redaction to 
Ir or a phos¬ 
phide. 


The experiments with chromium compounds showed that the hexa- 
valent chromium is reduced to trivalent and that the action was accelerated 
by the addition of metaphosphorous add. In the final solution ammonium 
hydroxide produced almost no precipitation of chromium hydroxide in 
the cold. In this solution the chromium was, therefore, not present » 
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chromic ion. It may have been present as a chromic phosphite complex 
ion, as the solution contained phosphites. 

Table VI. 



Croup B. 

Molybdate, Vanadate, Dichromate and Pennanganate. 





Time of 





Voi. 

Wt 

boiling. 



Salt. 

Solvent. 

Cc. 

Mg. 

Min 

Reduction. 

Remarks* 

MoO, 

A7HC1 

25 

50 Mo. 5 

To deep blue solution. 



N HC1 

23 


15 

To light yellow solu¬ 

The reaction with 






tion, which gives red 

KCNS is indicative 






color with KSCN 

of tetravalent Molyb¬ 
denum 


4IVHCI 

25 


2 

To deep blue solution 



4WHCI 

25 


7 

To light yellow solu¬ 







tion, which gives red 
color with KSCN 


V.O, 

3ATH.SO. 

20 

50 v. 

g 

Solution bluish green 



3 n h,so, 

20 


25 

Solution bright emer¬ 

From this solution 






ald green 

NH,OH + NThQ 
produced a dirty 
green flocculent pre¬ 
cipitate. The filtrate 


* 





from this showed 
only a trace of vana¬ 
dium. 

VA 

jiVHjSO, 

20 

ro 

25 

Solution bright emer¬ 

Results the same as 






ald green 

above 

k.o-,0 . 

iN H,SO« 

IO 

10 Cl¬ 


Slow reduction to Cr +++ 



N H,SOt 

IO 

io 

5 

Solution bright green 

5 drops cone. HPO, 







added 


jNHSOa 

20 

too Mn 1 

Immediate reduction 







to Mn + + 


KMnO, 

2IV HjSOt 

20 

IO 


Same as above 



Group C.—Solutions containing the following ions in N acid, 

Pb ++ , Bi +++ , Cd ++ , Sb +++ , As +4 " t ', AsO,-, Sn ++ , were boiled with 

red phosphorus for 2 hours and then heated on a steam bath for 12 hours, 
without evidence of reaction. The experiments were tried both with 
and without the addition of metaphosphorous acid. 

Discussion. 

As no experiments with mixtures of salts were performed, it is only 
possible with the results in hand to suggest their application to qualita¬ 
tive analysis. Further work is necessary to determine the extent to which 
several ions present in the same solution will modify the reactions. It 
may be, for example, that in the presence of cupric or silver ions platinic 
and iridous salts will be reduced smoothly to the metals. It is very likely 
that the reduction of telluric and arsenic adds by red phosphorus is possi¬ 
ble, but very slow under the experimental conditions here described, 
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and that the presence of other substances may act catalytically causing 
reduction in these cases also. 

It does appear, however, that the introduction of red phosphorus will 
make possible the complete e limi nation of the silver group, and a consid¬ 
erable simplification of the analysis of the aluminum and iron groups be¬ 
cause of the reduction of the higher valence forms. The absence of cupric 
and mercuric sulfides from the hydrogen sulfide precipitate will also be a 
considerable advantage. The plan which suggests itself for beginning 
the analysis, assuming that the reactions proceed as indicated, is as fol¬ 
lows: 

To the solution containing the unknown substance in dll nitric or sulfuric acid 
add excess of red phosphorus and boil 30 nun 


Residue: 

Ag, Cu, Hg, Au, Pd, Os, Se as metals or 
phosphides. Add excess of red phos¬ 
phorus. Dissolve by repeated boil¬ 
ing with aqua regia, adding KCIO,, if 
necessary. Evaporate Take up with 
IVHNOi. 


Residue: 

AgCI 


Solution 
Cu ++ , Hg + + , 
AuCU-, Pd + + , 
Os+V SeO,“ 


Solution 

Bring to proper acid concentration 
and pass in H;S 


* Osmic acid may be completely volatilized. 
103 (1903). 


Solution 

Ions of the iron and 
aluminum groups in 
their lower valence 
forms; alkaline 
earths, rare earths 
and alkalies Also 
phosphites and 
phosphates. 

See A A. Noye9, Tech. Quart., 16, 


Residue • 

PbS, BitSj, CdS, 
SnSj, SnS, As,S«, 
AsjSj, Sb,S,, sul¬ 
fides of Mo, Ir, 
Pt and Te 


The introduction of phosphite and phosphate into the solution is no 
serious disadvantage. In a large number of cases phosphates arc originally 
present, and in any case the scheme to include phosphates is little more 
Complicated than the scheme for solutions free from them. 

Summary. 

1 . The reactions between red phosphorus and acid solutions of various 
salts have been studied and their application to qualitative analysis has 
been indicated. 

2. The following ions in acid solution are reduced by red phosphorus 
as indicated: Ag + to insoluble phosphide; Hg ++ to Hg; Hg + to Hg; 
Cu ++ to insoluble phosphide; Pd ++ to metal or insoluble phosphide; 
Gs + * to metal or insoluble phosphide; Au +++ to insoluble phosphide; 
Sn ++ +-*- to Sn++, partially; Fe+ ++ to Fe++; Ir +++ to Ir++; Se 0 4 -~ 
t® metal or insoluble phosphide; M0O4— to tetravalent form; VQ»~ to 
trivalent form; CrjOr to trivalent form; MnOi" to Mn ++ . 

3 - The following ions in acid solution do not react with red phosphorus; 
IM+++, n>++ Cd ++ , Sb +++ , As +++ , As 0 4 —, Sn ++ . 
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4. The following ions are reduced only very slowly or not at all: TeO* , 
PtCU—. 

San Francisco, Caup. 


CRYSTALLIZATION OF A RADIUM-BARIUM SOLUTION. 

By Clarencb E. Schoi.i,. 

Received January 6, 1919. 

Radium of any degree of purity may be obtained by fractional crys¬ 
tallization of a radium-barium solution. The crystal fractions are pro¬ 
gressively enriched with radium while the mother liquor fractions are 
progressively, impoverished as the number of crystallizations increases. 
A system containing several fractions can be divided into 2 parts'.first the 
increasing of the radium and the decreasing of the barium content com¬ 
monly called the positive series (direction) and second the increasing of 
the barium and the decreasing of the radium content commonly called 
the negative series (direction). In such a system the original material 
enters the system at some point between the ends while high grade radium 
(low grade barium) comes out the positive end and high grade barium 
(low grade radium) comes out the negative end. The size of the different 
fractions decreases gradually toward the positive end and increases toward 
the negative end. Any soluble impurity occurring in the system stays in 
the mother liquor and finally passes out of the system with the barium 
without causing any disturbance. Any insoluble impurity present is oc¬ 
cluded in the crystals and is carried toward the positive end with the 
crystals. 

The negative ion usually employed in the system is the chloride or the 
bromide. The bromides of radium and barium are more soluble than 
the chlorides. About 50% of the total chlorides crystallize out upon cool¬ 
ing a neutral solution from 100 to o°, while only about 33% of the total 
bromides crystallize out under like conditions; yet the quantity of crystals 
obtained from the same volume of either a chloride or a bromide solution 
is approximately the same which suggests that the bromide system would 
be more efficient than the chloride system. 

Theoretical. 

The concentration of the radium in any dish in the positive direction 
may be calculated from the equation 

C = AK\ 

where « is the number of crystallizations, A the known concentration of 
some dish to start with and K the factor of enrichment—the relative con¬ 
centration of radium in the crystals to radium in the original material. 

Thus if the concentration of radium in the original material be taken 
as 1.0 and the concentration of radium in the crystals is i .6 times the 
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concentration of radium in the ordinal material; the concentration of 
radium in the first dish becomes i .6; the second dish, 2.56; the third dish, 
4.09, etc. 

The concentration of any dish in the negative direction can be calculated 
from the equation 



where X is the inverse fractional proportion of the total weight of material 
occurring as ..crystals and m the number of crystallizations in the minus 
direction. 

Thus with the previously mentioned conditions and half the material 
as crystals the concentration of radium in the first minus dish becomes 
0.40, the second 0.16, the third 0.064, etc. 

In any complete system of crystallizing, the positive series and the 
negative series must be a unified whole that is a system in which both series 
fit together like cog wheels. Each dish in the positive direction must 
conform with a dish in the negative direction. However, this does not 
mean that the crystals of each dish must necessarily go in the next dish 
positively or that the mother liquor of every dish must go in the next dish 
negatively. The crystals may go into the second, third, or the fourth 
dish positively, while the mother liquors may go into the second, third, 
or fourth dish negatively, depending upon the value of the enrichment 
factor K. 

In order to find the value of K, conditions must be chosen in which A, 
n, tn, are known. These conditions axe: (1) the material used or going 
into the system must be uniform and of known concentration (A is con¬ 
stant); (2) the temperature and concentration of maximum heating must 
be kept uniform; (3) the temperature and concentration of minimum 
coaling must be kept uniform; (4) the speed of cooling must be’uniform; 
(5) the concentration of acid must be constant ; (6) the value of X must be 
constant; (7) the same negative ion must be used. The value of X de¬ 
pends partially on Conditions 2, 3, 4 and 5. 

Experimental. 

The Chloride System. 

Hydrochloric acid in quantities ranging from 0.25 to 2.0 N was added 
to several portions of a radium-barium chloride solution (io - * g. of radium 
per kg. of barium as sulfate). The dishes containing the several portions 
were heated on a water bath (95 °) until a saturated solution was obtained— 
the crystals persisting 30 seconds when the solution is blown. The dishes 
were then removed from the steam bath, covered and allowed to cool so 
hours in a room of constant temperature at 20°. Tire mass was then 
run through a small centrifugal, the crystals weighed and the percentage 
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of total material calculated. The radium in the crystals and the mother 
liquor was then determined quantitatively according to the emanation 
method as developed by Wilson, Scholl, and later Lind, 1 with the follow¬ 
ing results: 

Tablb I. 


Radium-Barium 

Chloride Solutions Crystallized with Various 
Hydrochloric Acid. 

Quantities of 

HCl in solution 

BaClj in form of 

Ra in form of 

Factor of enrich¬ 

N, 

crystals. %. 

crystals. % 

ment. K. 

0.25 

44 0 

72 6 

I 65 

O 50 

50 O 

8l 0 

1.62 

0-75 

51 4 

82.7 

1.6l 

1.0 

54 3 

83 8 

1.38 

2.0 

58.3 

87.0 

»-49 


When the acidity is 0.5 N half of the material in solution crystallizes 
out. This acidity was chosen for further work as it produces a value of 
X which can be expressed in a small whole integral. 

Several solutions of various radium contents were taken and to each of 
these sufficient hydrochloric arid was added to make the solution 0.5 N 
when starting to cool. They were then crystallized as previously with 
the following results: 

Table II. 

Radium-Barium Chloride Solutions Crystallized with Various Quantities of 

Radium. 


Ra in solution. 

BaCli in form of 

Ra is form of 

Factor at carkli- 

G. per g. of BaSOr 

crystals. %. 

crystals. %. 

ment. Jt. 

IO" 1 

50.3 

83.0 

I.64 

IO-* 

30. a 

82.0 

I.63 

io-» 

50.0 

81.1 

1.62 

to~* 

50.1 

80.8 

1.6l 

io~* 

49.8 

81.0 

1.63 

10“* 

49.8 

80.0 

Z.6l 


Value of K for the chloride system under the conditions given becomes 
1.62, and 

C — A 1.6" 

C' - A 0.4". 

If 1.0 be taken for the concentration of the original material then the 
relative concentration of the different dishes in the system will be as 
Shown in Fig. 1. (Crystals right, liquors left.) 

In this chloride system, the crystals move one dish forward for each 
Crystallization, while the liquors move to the second dish to the left The 
concentration of the later dishes is exactly the concentration of the first 
dishes. No other system where half the material crystallizes out can be 
mate with any factor as the slightest variation of the factor in either direc- 
‘ Bur. Mines, Btdl. 104, 87. 
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Crystals 


Fig. i 

tion allows no combining of dishes and actually destroys the system. See 
Fig. 2. Here a system was attempted with a factor of i 8, resulting in 
no system whatever. 



Fig. a. 


The Bromide System. 

Several portions of a radium-barium bromide solution free from im¬ 
purities and containing various quantities of hydrobromic acid were 
treated in a similar manner to the chloride solutions with the following 
results: 

Txbi.8 III. 


Radium-Barium Bromide Solutions Crystallized with Various Quantities 



of Hydrobromic Acid 


HBr in solution 

BaBri in form of 

Ra in form of 

Parlor of enrich 

JV 

crystals % 

crystals % 

meat K 

O 25 

30 0 

78 0 

2 60 

0 33 

33 5 

83 0 

2 48 

0 50 

35 0 

87 0 

2 49 

0 75 

36.0 

89 2 

2 48 

1 0 

38 2 

934 

j.45 


i When the acidity is o . 33 N a third of the material in solution crystallizes 
out. This acidity was chosen for further work as it produces a value of X 
which can be expressed in a small whole integral. 

Several radium-barium bromide solutions of various concentrations of 
radium and acidified with hydrobromic acid <0.33 N) were crystallized 
with the following results: 
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Table IV. 

Radhuo-Barium Bromide Solutions Crystallized with Various Quantities of Radium. 


Ra lu solution. 

BaUrj in form of 

Ra m form of 

F«cter ot enrich¬ 

0 per g of BaSOt 

crystals % 

crystals. %, 

ment. K 

id** 

33 <5 

83 9 

2 $0 

10'* 

33 4 

82 9 

2.48 

1 a~ 4 

33-5 

83.0 

2.48 

10 “« 

33 3 

83 1 

2-49 

IO“ 9 

33 4 

83.3 

2.49 


Thus K becomes 2 49 for the bromide system under these conditions 
and 

C = A 2.49" 

C = A 0.25” 

If 1.0 be taken for tlie concentration of the original material then the 
relative concentration of the different dishes in the system will be shown 
in Fig. 3. (Crystals right, liquor left.) 
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Fig. 3 - 

In this method the crystals move to the second dish to the right while 
the liquors move to the third dish to the left. The number of dishes is 
the same as in the chloride system for the same variation in concentration. 
The dishes are much smaller in size than those in the chloride system. 

A simpler but less efficient method can be calculated with a factor 
of 2.0 and '/s of the barium as crystals. See Fig. 4. 



Fig. 4- 
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»QJ 

l* 

In this method the crystals move one dish to the right while the liquors 
move one dish to the left. This is the method 1 commonly used for crys¬ 
tallizing radium-barium solutions. The concentration in the negative 
direction actually decreases a great deal faster than is represented in the 
figure. Usually a great deal of unnecessary crystallization is made as 
the crystals always contain more radium and the liquors less radium than 
the system shows. The only advantage obtained is a smaller number of 
dishes in the system. With this exception there is no other system of any 
factor in winch */» of the barium can be crystallized and still have dishes 
of the same concentration so that they may be combined. 

There are, however, 2 variations of the system with 2.5 factor and */» 
of tiie material as crystals that should be considered. First, Dishes 
+-i and +2, 4-4 and +5, +7 and +8, etc., of the positive aeries, and —1 
and —2, —4 and —5, —7 and —8, etc., of the negative series can be com¬ 
bined, producing a system having nearly the same concentration in the 
dishes as the system with a factor of 2.0, but with these differences. 
The liquors move 2 dishes to the left instead of one, while the crystals 
contain a higher concentration of radium than the next dish in the posi¬ 
tive direction. Thus a system is obtained with less dishes in which the 
liquors fall in dishes of like concentration while the crystals do not. See 

A, Fig. 5- 




Fig. 5,—Liquors above, crystals below. 


Second, Dishes +1, +2 and +3, +5, +6 and +7, and +9, -fro and 
+ii, etc., of the positive series, and —1, —2 and —3, —5, —6 and —7, 
—9, —10 and —11, etc., of the negative series, can be combined, producing 
a system of fewer dishes in which the crystals fall in dishes of like concen¬ 
tration while the liquors do not. Hoe the crystals move one dish to 
the right while the concentrations of the liquors are greater than that In 
the second dish to the left and less than that in the first dish to the left. 
See B, Fig. 5. 

1 Bur. Watt, Butt, 104, p. 74. 
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These 2 variations are most suited for a practical system of crystalliza¬ 
tion. The concentrations of the dishes of the first variation correspond 
with the concentration of the dishes in the system of factor 2.0 and V* 
of the material as crystals, while the concentrations of the second varia¬ 
tion are slightly higher By placing the crystals of the first variation ia 
the first dish to the right as in the second variation, or by placing the 
liquors of the second variation in the second dish to the left as in the 
first variation, a system is obtained in which the concentration of the 
different dishes would be between the concentration of the dishes in the 
2 variations, with the crystals and liquors moving as in the chloride sys¬ 
tem. 

Some of the efficiency of the system is lost but the number of dishes is 
cut in half, eliminating a great deal of labor, which more than balances 
the loss in efficiency. 

The negative dishes can be combined further and run as stated pre¬ 
viously, moving the crystals one dish forward and the liquors one dish 
backwards. See C, Fig. 5. This would put the liquor from the first 
dish in the enrichment series into the —1 dish. The quantity of crystals 
can also be increased slightly, producing a greater percentage of the 
radium (lower concentration) in the crystals and keeping the quantity 
of radium in the tailings constant and at a minimum. 

Facts Noticed during Crystallization. 

Some evidence was obtained that a salt of the composition of RaBr*.- 
2BaBrj.6HjO was formed in the crystals from slightly add solutions, 
having as a final product of the crystallizing system a salt containing 
about 39%, dry weight, of radium bromide. Higher concentrations of 
radium salts have been made using more concentrated acid solutions. 
Either on account of the small quantity of material worked with, or the 
effect of high concentration of radium, or the formation of this complex 
salt, more radium remained in solution than could be accounted for, 
necessitating a larger number of crystallizations. 

For proportional increase in radium concentration it is more difficult 
to crystallize high concentrations of radium than low concentrations of 
radium. 

The effect of a low concentration (100 micrograms of radium dement 
per kg. of barium as sulfate) is very marked if occurring with a high con¬ 
centration of acid (over 2 N). With these conditions the enrichment of 
radium is reversed, more radium (55%) occurring in the liquor than in 
the crystals (45%). This condition can only be remedied by evaporating 
to dryness and dissolving in water with the right concentration of acid. 

The greater the acidity the greater the quantity of crystals and the 
smaller the factor. The lower the acidity in the solution the smaller 
the quantity of crystals and the greater the factor. 
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The first crystals formed in any solution contain more radium than any 
of the later crystals. 

The concentration of radium in the crystals increases with the time of 
crystallization for equal quantities of crystals from solutions of the same 
radium concentration. 

In neutral or alkaline solutions radium-barium crystals form extremely 
slowly upon cooling, supersaturation being noticeable. Acid in the solu¬ 
tions seems to act as a catalyzer in forming crystals, supersaturation be¬ 
ing less noticeable. 

Summary. 

Several systems of crystallizing a radium barium solution are given 
with a modified form that is very efficient in crystallizing high grade 
radium. 

The bromide system is more efficient than the chloride system 

Radium is much easier to separate from barium than formerly sup¬ 
posed. 

Several important conditions of crystallization are noted. 

D»rvsii. Coloh&do. 


[Contribution from tub Chemical Laboratory of the University of Cali¬ 
fornia ] 

DETERMINATION OF THE EQUILIBRIUM BETWEEN CHLORINE, 
WATER, HYDROCHLORIC ACID AND CHLORIC ACID. 

THE FREE ENERGY OF THE CHLORATE ION. 

By Axel R Olson 

Received January 27, 1920 

The object of this research was to determine the equilibrium constant, 
for which no direct measurements exist, of the following reaction: 

3 HjO + 3 C 1 , - HClOj + 5 HC 1 (1) 

The kinetics of this reaction have been studied by various observers, 
in particular Sands, 1 Foerster, 1 Luther and MacDougall.* Sands attempted 
to calculate the equilibrium constant from reaction velocities. White this 
method of obtaining it is correct, it involves certain differential equations 
which must first be determined. Luther and MacDougall have shown 
that the differential equation expressing the velocity of the reverse reac¬ 
tion of (1) is not 

dx/dt = /C(C 10 r) (Cl ~)*(H + ) S 
as assumed by Sands, but 

dx/dt = K(C 10 ,-)* (Q-)* (H + )*. 

' Sands, Z. physik. Chem., 50, 463 (1904). 

* Foerster, J. prakt. Chtm., 63, 141 (1901). 

* Luther and MacDougall, Z, phyrih. Chem., fis, 199 (1908). 
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Moreover, Sands’ calculations are evidently not accepted by Skrabal, 
who has made a comprehensive study of halogen reactions. He succeeded 
in calculating the constants 1 from kinetic measurements for the analogous 
bromine and iodine reactions, but has not yet succeeded in calculating 
the constants for chlorine. The value of the constant, as calculated by 
Sands, differs from this experimental determination of it by a million¬ 
fold. This enormous discrepancy is explained by the previous considera¬ 
tions. 

The reaction expressed by Equation 1 proceeds very slowly at ordinary 
temperatures. Luther and MacDougall found that chlorine dioxide also 
was invariably formed under these conditions. To accelerate the reac¬ 
tion the temperature may be raised. Tbis, however, accelerates another 
slow reaction also, 1. e., the decomposition of chloric acid into hydrochloric 
acid and oxygen, according to the following equation; 2 HCIO, = 2 HC 1 -f- 
3 Oj. Since the equilibrium pressure of oxygen for this reaction is very 
high, a temperature must be selected which will permit the chlorine equi¬ 
librium to be attained within a reasonable time, and still not permit ex¬ 
cessive oxygen pressure to develop. After several trials a temperature 
of about 90° was selected. 

The method of procedure was to fill a set of glass tubes, usually 6, 
with a mixture of the reacting substances, seal the tubes and immerse 
them in a thermostat kept at 91 Tubes were then taken out at inter¬ 
vals, analyzed and the concentration function calculated according to the 
equation 

(H + ) a (a-)» (CIO,-) , 

(Cl,) 5 

The tubes were made of Pyrex glass, and in the shape shown in Fig. 1. 
The function of the long, slender tip will become apparent when the anal¬ 
ytical method is discussed. The solution for each series of tubes was made 
up in a flask similar to a wash-bottle. The liquid was then forced into 
the tubes by compressed air In order to secure a high enough concentra¬ 
tion of chlorine, and still keep the partial pressure of chlorine low, the solu¬ 
tion was kept just above the temperature at which chlorine hydrate forms. 
Chemically pure hydrochloric acid and recrystallized potassium chlorate 
were used. All tubes were filled to such a height that, when they had been 
sealed off and heated to 91 only a very small bubble of gas remained 
(approximately o. 1 cc.), and so the error made by assuming that all the 
chlorine was dissolved in the liquid was small. The filled tubes were 
then weighed, and all except one immersed in a thermostat kept at 91 °. 
The remaining tube was analyzed in order to obtain the initial composi¬ 
tion of the liquid for that set. The empty tube was weighed after anal¬ 
ysis, and thus the mass of the solution in that tube determined. 

* {Skrabal, Sfonaisk., p, 880 (1911); 33, 116 (191*); 36, sji (1915). 
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When a tube was taken oat of the thermostat to be analyzed, the long 
tip was inserted into one of the arms of a stopcock (see Kg. i) which had 
been flared out at the end so as to fit the bulging tube. The tip of the 
tube was of such a length and thickness that it extended into the open 
stopcock proper. The other arm of the stopcock was ground to fit a 
U-tube, B, which in turn made a ground connection with a set erf Liebig 
bulbs, L, in which was a neutral aqueous solution of potassium iodide. 
DeKhotinsky cement was used to make a gas-tight joint between the 
tube and the stopcock at K. A slight turn of the stopcock broke the tip 
of the tube and permitted the liquid to run into the U-tube. When 



the pressure had decreased a vacuum pump was attached to the open 
end of the Liebig bulb, the upper tip of the tube broken off, and to it a 
rubber tube from the wash-bottle W was attached. A slow stream of 
air saturated with water was drawn through the liquid in the U-tube, 
removing the chlorine, and then through the potassium iodide solution, 
where the chlorine immediately oxidized the iodide to iodine. All traces 
of chlorine were thus removed in a few hours. The potassium iodide 
showed no traces of iodine when pure air was drawn through it for a sim¬ 
ilar length of time. The iodine was then titrated with sodium thiosulfate 
solution. The hydrogen and chloride ions were determined by removing 
a sample of the liquid remaining in the U-tube with a pipet and titrating 
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it with sodium carbonate solution and then with silver nitrate solution, 
using methyl red and potassium dichrornate, respectively, as indicators. 
Chlorate ion was determined by heating a known volume of the liquid 
(usually 10 cc.) from the U-tube with potassium iodide and hydrochloric 
add in a sealed tube at 90 s for ten minutes. Because of the small concen¬ 
tration of chlorate ion and the difficulty of obtaining potassium iodide, 
which gave a satisfactory blank test when so heated, potassium bromide 
was substituted for iodide in all later determinations. This gave a quan¬ 
titative reduction of the chlorate and was not oxidized by perchloric add 
which forms from chloric acid according to the reaction 4HCIO1 ■* 
3HCIO4 + na 

The experimental data for the check on the chlorate km determination 
by potassium bromide and hydrochloric add is as follows: Several g. 
of potassium bromide, 10 cc. of 6 N hydrochloric add, and o. 1577 g. of 
potassium chlorate were placed in a Pyrex glass tube. The tube was 
sealed and immersed in a thermostat kept at 91 0 for half an hour. It 
was then removed and cooled with tap water. The tip of the tube was 
broken under an aqueous solution of potassium iodide and the iodine titra¬ 
ted at once with sodium thiosulfate solution. It required 77.74 cc. of 
0.09925 N sodium thiosulfate solution to reduce the iodine liberated, 
which corresponds to o. 1575 g. of potassium chlorate. 

It has been mentioned above that Luther and MacDougall, working at 
75 °, found that chlorine dioxide was formed from hydrochloric and chloric 
adds, and, therefore, the chlorine was tested for chlorine dioxide, ac¬ 
cording to the method recommended by Bray, 1 but was found to be ab¬ 
sent. This is doubtless due to the higher temperature and to heating in 
a dosed tube. 

Even at 90° Reaction 1 is very slow. Attempts were therefore made to 
find a homogeneous catalyzer for the reaction, the guiding factors being 
the following considerations: (1) the catalyzer must exist in at least 
2 states of oxidation; (2) if R represents the lower state of oxidation 
and O the higher state, (a) R must reduce chlorate ion faster than chloride 
ion does, and (b) 0 must in turn be reduced by chloride ion fast enough 
to maintain an effective concentration of R; (3) neither 0 nor R must in¬ 
terfere with the scheme of analysis. Fe ++ Fe +++ , for instance, would 
not catalyze this reaction, for in the presence of chloride the iron is almost 
completely in the form of ferric ion, and hence the concentration of ferrous 
km which can react with the chlorate is negligibly small. A s t ro nger 
oxidizing agent than ferric ion must therefore be employed, t. one which 
rapidly reduced by chloride ion at the concentrations used in this reac¬ 
tion. 

■ Bray, Z. pkyrik. Chm., 54,731 (1906). 
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The manganous-manganic equilibrium was finally selected as fulfilling - 
the requirements. The salt used was manganous chloride! and the con¬ 
centration was about 0.02 M. During analysis the manganese remained > 
as dioxide in the U-trihe, and was filtered off before analyzing for chloride, 
chlorate and hydrogen ions. The manganese which remained in solu- 
dion did not interfere with the test of the chlorate ion determination men¬ 
tioned above. 

The effect of the catalyzer was well demonstrated in several instances. 
In Series I, Tube 6 was the only one into which manganous chloride was 
produced; in 3 days it had progressed almost as far toward equilibrium as 
Tube 5, which had practically the same concentration of all the constit¬ 
uents, bad progressed in 35 days. The tubes of Series V did not contain 
enough manganous chloride to produce a precipitate of dioxide. In 248 
days the K's corresponding to this series changed by only a factor of 10, 
whereas the K's corresponding to the tubes in Scries IV, which contained 
a slightly larger amount of the catalyst, changed by a factor of 4000 in 
13 days. 

AD concentrations are expressed in mols in 1000 g. of solution. The 
following tables show the values found for the first series of tubes, the initial 
composition being chlorine and water: 


Series I. 

No. of Vdt. of 

Tt«o«. 


Tabus I. 



tube. 

tube. Cc. 

Day*. 

CCS) 

am 

(CI-.) 

(CIO,- ) 

JT* 

t 

44.81 

8 

0 10076 

O 0342 

0 0303 

0 004161 

» 66 X io'« 

2 

34-79 

7 

0 180 

0.04318 

0.04437 

0.002733 

3.16 X 10-W 

3 

53-47 

14 

0* *203 

0 07865 

0 0708 

0 01198 

2,90 X io~n 

3 

59 54 

35 

0 0979 

0 08899 

0 0707 

O 013525 

i 26 X io _ * 

6 

S3 93 

3 

0 09938 

0 08649 

0-07355 

0.01379 

1 26 X io -1 * 


In Tube 6, as well as in all later series, a catalyzer was used. 

Another set of tubes, Series II, was then filled with an analyzed solution, 
the concentrations of the constituents of which were such that K’ as 
calculated initially from them was further away from the true equilibrium 
constant than that calculated from the final concentration in the last, 
tube of the preceding set. Thus, starting with chlorine and water (Series 
I)., K‘ initially is o, but in the last tube in that set to be opened. No, 5, 
it was 1.26 X to -9 . The tubes erf Series II therefore were filled with an 
aqueous solution of chlorine, hydrogen diloride and potassium chlorate 
*n such concentrations that K' was initially less than 1.26 X ip~*. 
In a similar manner Tube No. 1 of Series III shows that the ini tial concen¬ 
tration product of that set is less than the final concentration product,of. 
the last tube of Series II. 
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Table II. 

Series II. 


Not. 

Vo! 

Cc 

Time 

Days 

(CL) 

<H+>. 

(C1-). 

(CIO 1 -) 

X', 

I 

40.19 

O 

O.O9S26 

O 09028 

0.10905 

0.006661 

5.86 X io-” 

2 

35-71 

23 

O 08281 

0.1635 

0.1569 

0.009262 

2 92 X 10-* 

3 

34 09 

209 

0.06365 

O.2460 

0 2445 

0 00822 

6.16 X io~* 

4 

38-90 

212 

0.0788 

0 2599 

0 2590 

0 00842 

6.25 X to~« 

5 

35 01 

212 

0.0594 

O 2435 

0 2444 

0 00862 

7.54 X io _ * 





Table 

III. 



Series 

No. 

III. 

Vol. 

Cc. 

Time 
Da y* 

CC!,) 

(H + ) 

(CI-). 

(CIO,-) 

K\ 

I 

35 56 

O 

O IO49 

O 1650 

0.1824 

0 00653 

2 32 X ro~* 

2 

34 10 

29 

O 1331 

O 2317 

0.2260 

0 00:998 

7.85 X io~* 

3 

36 76 

54 

O 08908 

O 2407 

0 2320 

0 006995 

1.28 X io - * 

4 

33 24 

69 

O 08523 

O 2478 

0.2458 

0 008579 

2.87 X 10- 1 

5 

36 68 

211 

O 07025 

0.2675 

0 2750 

0 0042 I 

7 03 X io~* 

6 

42 71 

212 

0 0924 

O 288l 

0 2935 

0 00473 

7 57 X io-< 


The equilibrium was approached from the other extreme as well. In 
Series IV the initial concentration of chlorine was zero, and, therefore, 
K' initially was infinite. When the last tube, No. 3, of this set was opened, 
A" had become 1.20 X io~ J . The initial K' for the next series approach¬ 
ing from this side must now be larger than 1.2 X io~*, and the tubes of 
Series V fulfill this requirement. 

Tabu? IV. 


Series IV. 


No 

Vol. 

Cc. 

Tioic. 

1 >ay. 

(Cl.) 

(H + ) 

(C1-) 

(CIO.-) 

it'. 


I 

57-19 

I 

0 06053 

O 8486 

0 9377 

0 03453 

4-22 X 

10 

2 

45 10 

8 

0 0952 

O 5825 

0 6770 

0 00473J 

3-04 x 

I0~* 

3 

46 98 

’3 

0 08574 

O 5950 

0.6601 

0.001371 

1.20 X 

IO~* 

Series V. 

1 42 82 

16 

0 08441 

0 7773 

0-9973 

0.0004498 

1.62 X 

IO~* 

2 

51-34 

49 

0 09168 

0 8009 

0 8426 

0.0003331 

6.09 X 

10"* 

3 

47.64 

248 

0 08750 

0 8030 

0.9125 

0.0000766 

I 49 X 

10 


The tubes of Series V, because of an insufficient amount of catalyzing 
material, as has been explained, did not progress as far toward equi¬ 
librium as had been estimated, and so there is a slight gap in the K's 
between Series V and Series VI. That the constant cannot lie within this 
interval is shown by the regular trend of A"' in Series VI and VII. 


Table V. 

Series VI. 


No 

Vol 

Cc. 

Time, 

Days, 

(Cl,). 

(H+). 

(Cl,-) 

(ClOr). 

K'. 

I 

34-17 

O 

0.1089 

0.5321 

0.5372 

0.006663 

5.24 X 10 “* 

3 

36.70 

31 

0.1039 

0-5120 

0 5252 

0.001166 

7.50 X JO -4 

3 

34-18 

212 

0.0965 

O.542 

0.564 

0.0000766 

1.23 X io~ 4 

4 

39-36 

212 

0. J13 

0 543 

0.555 

0.000086 

9.18 X io-« 

6 

36-93 

212 

0.1034 

0.540 

0-574 

0.0000383 

5.01 X io - * 
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m* 

Series VII. 


No. 

Vol. 

Cc. 

Time, 

Day*- 

(CM. 

<H+). 

(Clr-). 

(ClCr). 

1C’. 

1 

37.00 

0 

0.1102 

0 3954 

0.4758 

0.006667 

4.63 X to -4 

2 

41.33 

2 

0.09044 

0.4086 

0.4163 

0.00110 

8.64 X 10*4 

3 

41.20 

30 

O 1053 

0.3741 

0.3807 

0.0030 

5.63 X io~* 

4 

36-33 

55 

O 09560 

0,4062 

0.4143 

0 000835 

5.29 X 10*4 

5 

3*-13 

7 * 

0.08863 

0.4053 

0.4114 

0 0006663 

5.0 X lo"* 

6 

34-54 

an 

0.1210 

0 4230 

0,4390 

0 000335 

1 80 X io"* 


The whole possible range of values of the constant from o to 8 was 
thus thoroughly covered. Since K, the true equilibrium constant, must be 
greater than the largest K' for the forward reaction, and less than the 
smallest K’ for the reverse reaction, we have 

K = lim K' 

K'f- K\ ~ o. 

The fi n al limiting values of the constant as determined by the converg¬ 
ing sets differ by a factor of 2. 

The results from Series II, III, V, VI and VII have been plotted in 
Fig. a. Not much weight can be attached to the value of K's in Series 
VI because of the exceedingly small concentration of chlorate ion. Tubes 
3, 4 and 5 were analyzed the same day and yet the contents vary by a 



free energy of the chlorate ion. 


903 


factor of 50. Series II and III approaching the equilibrium from one 
side are in close agreement, the final 3 measurements of the former giving 
an average K' of 6.65 X to -6 , and the final 2 measurements of the latter 
giving an average K' of 7.30 X io" 6 . The only reliable measurement 
obtained by approaching the equilibrium from the other side is that of 
Series VII, where K' = 18.0 X to -6 Thus the ratio of the values of K' 
from the 2 sides, which in the earlier experiments amounted to several 
powers of io, has been reduced to a value between 2 and 3. Giving equal 
weight to Series II, III and VII, the final value becomes K' = 10.0 = io~*. 

These values of K' have all been calculated for convenience on the as¬ 
sumption of complete dissociation of the 2 acids. This is justified by the 
fact that throughout the range of concentration of the experiments in the 
3 series which have been employed the corrected degree of dissociation 
of hydrochloric acid is practically constant and equal to o. 77, as shown 
by a plot based upon the free energy measurements of Ltnhart 1 and of 
Ellis. 1 Assuming that the degree of dissociation of chloric acid is the 
same as that of hydrochloric acid, an assumption that can produce no 
serious error, since only one molecule of the former acid is involved, we 
find for the value of the true equilibrium constant 

K *= K' X (0.77) 11 *4.3 X io -7 at 364° A. 

The free energy of the reaction can be calculated from the f amiliar 
equation, = — R’T In whence 

3 Cl,(aq) + 3 H s O(l) - 6H+ + 5 Cl- + C 10 »~; A F° m m 10600 cal. 

In order to obtain the equilibrium constant or the free energy at the 
standard temperature of 250°. it would be desirable to repeat the equi¬ 
librium measurements over a wide interval of temperature. This seems 
hardly practicable with the catalyzer here employed. At lower tempera¬ 
tures the speed of the reaction would be altogether too low for the attain¬ 
ment of equilibrium. At higher temperatures, on the other hand, the 
decomposition of chloric acid to produce oxygen proceeds rapidly. For 
example a number of experiments were begun at 114 0 , but in a few weeks 
the pressure of oxygen had sufficed to break all the tubes employed. 

It is. therefore, necessary to have recourse to thermal data. From the 
measurements of Berthelot and of Thomsen at about 18 0 the following 
figures are obtained: 

3Clj(g) ” aClj(aq.) ; AH = —14600 cal. 

3H,+ I.50, «* 3H1O ; AH — —204900 cal. 

2 jHj + 2 jCli = jH + + 5 C 1 ' ; AH ”—196500031. 

o.jHt + 0.5CI1 + 1 5O1 “ H + + CIO, ; AH ** —23000 Cal, 

1 Linhart, This Journal. 39, 2601 (1917). 

* ElHs, ibid ., 38, 737 (1916). 
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Hence, for the reaction in question, &H tn = o. This, however, will 
not be true at other temperatures. The partial molal heat capacity of 
HCl(aq) has a high negative value, namely about —40. 1 For want of 
data we may assume that of HClOa(aq) to be the same. The partial 
molal heat capacity of H, 0 ( 1 ) is 18, that of Cl,(aq), a non-electrolyte, is 
doubtless small. The change of heat capacity AF in the reaction has, 
therefore, the enormous values of about —300 cal. per degree. Using the 
2 equations, AH = A H 0 + ArT, and A F - A H 0 — AIT In T + IT, 
the value of A H a is 87300, and for the above values of AF 0 jm, I =» 
—1979.8. This surprising value for I, which is greater than that for any 
other reaction studied, is doubtless due to the enormous value of AI\ 
which has just been mentioned above. 

For the values of 1 the change of free energy in the reaction follows im¬ 
mediately: 

3Cl»(aq) + 3 HiO(1) = 6H+ + 5CI- 4 - CIO,-; A F° nt = 6640 cal. 

In order to get the free energy of formation of the chlorate ion we must 
add the free energies of all the substances entering into the above reac¬ 
tion, thus: 


3CWaq) + 3H.O 

- 6H + +5 Cl* + CIO,'; 

AT -0 ,,, --- 

6640 

3CU(g) 

= 3Cli(aq) ; 

aF°,» “ 

495°* 

3 H.O + 1 s O, 

' UH,0(1) ; 

AF°,„ - 

—16986o 1 

6H + 

- 3H, + 6© ; 

AP°„, «■ 

o‘ 

5 Cl’ + 5© 

“ 3 5Cl,(g) ; 

AF°im =■ 

156896* 


From which 

o-5Cl*(g) + 1.5 O, + © = CIO,"; A/* 0 ,,, = — 1374 - 
In conclusion, I wish to acknowledge my indebtedness and to express 
my thanks to Professor G. N. Lewis and Professor W. C. Bray for their 
help and interest throughout this whole investigation, and to Professor 
Merle Randall for his help in checking the free energy calculations. 

Bnian, Cal. 

1 Lewis, This Journal, 35, 1 (1913). 

• Lewis and Randall, unpublished work. 

•Lewis and Randall, Tins Journal, 36, 1969 (1914). 

4 Lewis, ibid, 35, 1 (,913). 

1 Lewis and Randall, unpublished work. 
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A REVISION OF THE ATOMIC WEIGHT OF TIN- 1 
THE ELECTROLYTIC DETERMINATION OF TIN IN TIN 
TETRACHLORIDE. 

By Gregory Paul Baxter and Howard Warner Starkweather. 

Received February 13, 1920 

A recent investigation upon the atomic weight of tin by Briscoe,* in 
which stannic chloride was compared with pure silver, yielded a very con¬ 
cordant series of results, with an average value 118 698 (Cl = 35.457). 
This value was adopted in 1916 by the International Committee on 
Atomic Weights in preference to the one found by Bongartz and Classen,* 
119.0, which had been in general use for some time. Very recently 
Brauner and Krepelka* have completed the analysis of tin tetrabromide, 
with the result 118.699 Since the electro-deposition of cadmium and 
zinc in a weighed mercury cathode has been found to be a process capable 
of considerable accuracy, 5 and since tin amalgam promised to be un¬ 
usually well adapted for quantitative handling, the electrolytic method 
has been applied to the analysis of stannic chloride also. In this way 
it is possible, in conjunction with Briscoe’s w'ork, to obtain a complete 
analysis of the salt, with the use of analytical processes differing widely 
in character. 

Purification of Materials. 

Water, and hydrochloric, nitric and sulfuric acids were purified by 
distillation, as previously described in papers from this laboratory. Tin 
condensers were used with water, quartz for nitric and hydrochloric 
acids and glass for sulfuric acid. 

Alcohol was freed as far as possible from water by distillation from ' 
lime, and was once redistilled with a glass condenser. This alcohol left 
no weighablc residue upon evaporation. 

Mercury, which had been agitated with air under cone, sulfuric add 
for a considerable period and sprayed through a dil. add solution of mer¬ 
curous nitrate many times, was thrice distilled in a vacuum. 

Chlorine was prepared and purified exactly as described by Baxter 
and Moore,* by action on manganese dioxide with hydrochloric add, 
and drying the gas with cone, sulfuric acid and phosphorus pentoxide, 

1 A brief account of tit is investigation was published in Proc. Nat. Acad. Set., 
2, 718 (191b). 

* J. Chtm. Soc , 107, 63 (1915). 

1 Ber., 31, 2900 (1888), 

* Rorpravy Ceske Akademieved a um&rf, 1919. 

5 Baxter and Hartmann, This Journal, 37,113 (1915); Baxter, Grose and Hart¬ 
mann, ibid , 38, 857, 868 (1916). 

* This Journal, 34,1645 (1911); Z . atwrj. Chtm ., 80,187 (1913). 



GREGORY PAUL BAXTER AN® HOWARD WAftNJJR STARKWEATHER• 

ia as all-glass apparatus. Although the generator and purifying train 
were thoroughly swept out with the chlorine current for some time before 
use, it is unlikely that the gas was wholly free from air and carbon dioxide. 
These impurities were less to be feared, however, than the hydrochloric 
add and moisture which were removed in the purifying train. 

Although the tin tetrachloride eventually was to be purified by frac¬ 
tional distillation, the metallic tin, from which the salt was prepared, 
was first freed from the greater portion of both basic and addic impuri¬ 
ties by electrolytically transporting the metal through an add solution 
of stannous chloride. In this operation the cathode was a platinum 
wire, the anode a bar of block tin. The resulting bright crystals, after 
thorough washing, were dried and fused on an alundum beat in a current 
of pure dry hydrogen. 1 Before use the alundum boat had been digested 
for some time with constant boiling hydrochloric acid and ignited. During 
the fusion a white sublimate, presumably of tin chlorides, was observed. 
Electrodes for the production of spark spectra were now prepared by 
drawing some of the melted tin into hard glass capillary tubes thinly 
coated inside with soot, and by means of a Perv quartz spectrograph the 
spark spectra were photographed over the range X2200-X5000. The 
original tin contained lead and copper. Since a large part of both impuri¬ 
ties seemed to fcave been removed by the electrolytic process, electrolysis 
was repeated in a similar fashion, using an electrolyte made from a portion 
of the once electrolyzed tin. Although the product still contained a very 
small proportion of both the copper and the lead, after being fused in 
hydrogen as above and cleansed with hydrochloric acid, it was used for 
preparing the stannic chloride without further treatment. 

Preparation of Stannic Chloride. 

The tin tetrachloride was prepared by the action of dry chlorine upon 
dry tin and was purified by fractional ^distillation. .. Two 'preparations 
were made, the methods differing only in minor details. Since the later 
experiment was naturally the more satisfactory, the description of the 
procedure will be confined to the second method. 

The main portion of tin was sealed in the soft glass tube B (see Fig. 1), 
which was connected with the chlorine generator at A through a glass stop¬ 
cock moistened with metaphosphoric acid. The tube B was given a slight 
tilt toward the bulb I so that the tetrachloride would flow out of B into I 
as fast as formed. Bulb I contained a few grams of pure tin cast into sticks 
about 1 to 2 mm. in diameter by drawing the melted metal into hard glass 
capillary tubes. Bulb I was connected with a Sprengel pump through the 
side tube F, with a small bulb, o, and with a special valve, G. 

1 Generated electrolyticatty and purified and dried by passing over fused potassium 
hydroxide. See Baxter and Grover, This Journal, 37, 103s (1915), 
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The valve G, designed by Briscoe and Little, 1 deserves particular at¬ 
tention because it immensely facilitated the carrying out of the fractiona¬ 
tion, The sealed-in capillary tube was dosed at the end. It could be 
broken by the sealed glass tube filled with mercury contained in the Side 
tube. Until it was desired to break the capillary the glass- m ercury 
hammer rested at the end of the side tube, but by inclining the apparatus 
it could be made to slide down the side tube and strike the capillary with 
enough force to break it. To make sure of the success of the latter opera- 
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tion the capillary was scratched at several points with a file before the 
sealed-in joint was made. In the course'of the work a joint of this soft 
was used 4 times, successfully in every case. 

Before admitting chlorine, the bulb I was exhausted through F, D 
being sealed. As soon as the chlorine pressure in I became atmospheric, 
D was opened The slight excess of the chlorine th us prevented air and 
moisture from entering the bulb I. When for any reason the current 
of chlorine was interrupted, D was always sealed. 

The exothermic reaction between the chlorine and tin progressed so 
* J. Chtm. Sec., 105, 1321 (1914). 
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rapidly that it was necessary to cool the tube B with a jet of air in order 
to prevent the melting of the tin. The liquid tetrachloride dissolved a 
part of the excess of chlorine and thus acquired a greenish yellow tint. 
After nearly all of the tin in B had been converted to chloride, the capil¬ 
laries C and D were sealed, the stannic chloride in I was cooled with alco¬ 
hol and solid carbon dioxide, and the bulb I was exhausted as far as possi¬ 
ble (about 7 mm.) and maintained at this point for several hours. The 
residual pressure was probably due chiefly to chlorine dissolved in the 
liquid chloride. Then the capillary E was sealed 

The system was now allowed to stand, with occasional shaking, for 
about 3 weeks, in order to allow the tin to react with the excess of 
chlorine dissolved in the liquid, and also to reduce any lead tetrachloride 
which might be present. After a few' days the color completely disap¬ 
peared and no further change was apparent. 

Next a small fraction of the tetrachloride w 7 as removed by cooling the 
bulb a with liquid air and when the bulb was nearly full, sealing it off 
at the capillary. This was done to eliminate so far as possible any hydro¬ 
chloric acid which might have been formed by the action of moisture 
upon the tetrachloride 

The open end of the valve G was now sealed to the series of bulbs 11 , 
III and IV, which were attached at the other end to another similar 
valve Q, and the bulbs were exhausted as completely as possible by an 
efficient Topler pump through the side tube 0 . Finally 0 was closed by 
sealing the capillary P. During the exhaustion the bulbs and connecting 
tubes were heated as hot as was safe, in order to expel moisture from the 
interior walls of the glass Connection was then established between 
the bulb I and the rest of the apparatus by breaking the capillary in the 
valve G. The greater part of the stannic chloride could now be distilled 
into bulb II by cooling the latter with alcohol and solid carbon dioxide, 
the temperature being maintained just above the melting point of the 
chloride, —33 0 , lest the liquid freeze and break the bulb. During the 
distillation the stannic chloride in bulb I was kept at room temperature 
by a bath of water. About 20 g. of liquid residue was left in bulb I when 
it was separated from the others by sealing the capillary L. Two more 
fractionations, from II to III and from III to TV, followed, about the 
same quantity of residue being rejected in each case as in the first distilla¬ 
tion, and the bulbs II and III being successively sealed off at the capil¬ 
laries M and N as soon as each distillation was over. 

The connecting tubes of bulb I were frosted with a white coating in¬ 
soluble in stannic chloride and in time there were deposited upon the 
Walls of the bulb from the residual stannic chloride transparent colorless 
crystals. No similar deposit could be seen in bulbs III and IV, which, 
with I, were prese^'^d, for several years, sealed with the residual frac- 
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tion of stannic chloride. We are inclined to the belief that the white 
coating was stannic acid formed by reaction with moisture. The color¬ 
less crystals may have been the hydrate of stannic chloride, SnCl|.3HtO, 
as suggested by Briscoe, 1 who observed a similar phenomenon. 

The bulb IV was next sealed through the valve Q to the train including 
the bulb V, the small bulbs b and c and 1 to 15, and the large bulb VI. 
The train was exhausted to a pressure of 0.001 mm. by means of a Topler 
pump, with thorough heating to expel adsorbed gases from the glass, and 
was sealed at W. Next the valve Q was broken. The large bulb VI 
was included so as to reduce the pressure of gases other than stannic 
chloride vapor in the system as far as possible. After the stannic chloride 
had been distilled from bulb IV to bulb V the two capillaries T and U 
were sealed. At this point we ho[>ed that all gaseous impurities had been 
eliminated, and in fact we found no evidence that this was not the case, 
for the bulbs of stannic chloride, when subsequently broken under hydro¬ 
chloric acid, showed no sign of containing any substance but stannic 
chloride liquid and vapor. 

In order to remove any more volatile fraction the liquid might contain, 
the two bulbs b and c were successively chilled with liquid air and when 
half full were sealed off at the capillaries. These bulbs contained, even 
after warming to room temperature, a small amount of colorless, crys¬ 
talline solid similar to that observed in bulb I. The remainder of the 
liquid was collected in the bulbs 1 to 12, each bulb being sealed off at the 
capillar)' when about V» full. All the material in bulb 1 and the greater 
portion of that in 2 was condensed with liquid air. Alcohol and solid 
carbon dioxide were used in filling the remainder. Bulb 12 contained all 
of the residue which could be condensed. Bulbs 1 and 2 contained small 
amounts of the crystalline solid found in b and c, but none could be found 
in bulbs 3 to 12. Bulb V, after condensation of all the liquid possible in 
bulb 12 by carbon dioxide and alcohol, contained a trace of white resi¬ 
due, obviously deposited by the solution during evaporation. 

The cliief difference between the 2 series of preparations is that in the 
first one, owing to the fact that some of the capillary tubes connecting the 
bulbs in which the stannic chloride was collected were too small, diffusion 
was very slow and the fractionation unsatisfactory. In order to hasten 
the operation several of the small bulbs in which the stannic chloride was 
collected were chilled at the same time. 

In Series I, Fractions 1 and 2 were not analyzed or otherwise examined. 
Fraction 15, the final residue, was converted into electrodes for spectro¬ 
scopic testing. Fraction 4 was the first one analyzed, and since tin was 
known to have been lost during evaporation of the solution the results 
are not recorded. Fractions 3, 6 and so were lost by accidents during 
• Lee. cit., p. 71. 
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t fae analyses. In Series II, Fraction i was not investigated. Fraction 
is, the final residue, was converted into electrodes, and Fractions 5 and 
6 were lost through accidents. All other fractions of both series appear 
in the tables of analytical results. 

In order to determine whether any metallic impurities had accom¬ 
panied the stannic chloride through the fractional distillation, different 
specimens were dissolved in hydrochloric acid solution and the metal was 
deposited electrolytically as completely as possible with platinum wire 
electrodes. The amalgams of analyses 13, 14 and 15 were combined and 
made the anode under dil. hydrochloric acid, the metallic tin being de¬ 
posited upon a platinum wire cathode. 

The specimens examined and the impurities found are as follows: 


Series I II (residue) Pb, Cu 

is Pb, Cu 

Series II III (residue) Pb, Cu 

b, c. Pb, Cu 

3, 4, 11 None 

12 (residue) None 


The proportions of lead and copper found were extremely minute. 
By comparison with spectra of alloys containing known proportions of 
these elements, we estimate the proportion of each impurity to be less than 
0.001%. While the fact that lead seems to accompany the stannic 
chloride during the distillation was unexpected, although lead tetra¬ 
chloride is a volatile liquid, the persistence of the copper is even more 
remarkable. At all events the proportion of neither is enough to affect 
the result by an important amount. 

Method of Analysis. 

After being weighed, the bulbs of stannic chloride were broken under 
dil. hydrochloric add and the glass was collected and weighed Then 
the solution was electrolyzed in a weighed glass cell in which was sealed 
a platinum cathode and anode, the cathode being covered with a con¬ 
siderable quantity of mercury. The electrolytic cells resembled those 
used by Baxter and Har tmann , and Baxter, Grose and Hartmann, 1 but 
for reasons to be explained later had a far larger capacity for the elec¬ 
trolyte. 

The bulb containing the stannic chloride was thoroughly deansed out¬ 
ride with deaning solution, washed, wiped with a dean doth and dried in a 
vacuum desiccator over fused sodium hydroxide for at least 34 hours. 
Then it was weighed in air by substituting weights for the bulb, the tem¬ 
perature and humidity in the balance case and the atmospheric pressure 
being noted. The weight of the bulb under water was next found, and 
1 Lee. tit. 
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the volume calculated from the loss in weight and the temperature of the 
water. The vacuum correction of the bulb could now be computed from 
the volume, pressure, temperature and humidity of the air displaced. 

In a preliminary experiment the bulb was broken under o. 3 AT hydro¬ 
chloric add, the glass was collected on a filter and the filtrate and wash¬ 
ings were evaporated to about 30 cc. before electrolysis. 

In this experiment the quantity of tin obtained was considerably lees 
than was expected. As a loss of tin tetrachloride during the evapora¬ 
tion was feared, this point was tested by distilling a solution of 10 g. of 
stannic chloride in 250 cc. of 0.3 N hydrochloric acid and testing the dis¬ 
tillate for tin with hydrogen sulfide. No tin was found until mote then 
*/» of the liquid had been distilled. In a repetition of the experiment 
with a solution of 10 g. of stannic chloride in 100 cc. of 6 N hydrochloric 
add tin was found in increasing amounts in the successive portions of 
distillate. 

On the whole, the safest method of avoiding the difficulty seemed to 
be to electrolyze the solution of stannic chloride directly -without evapora¬ 
tion. Electrolytic cells with a capatity for about 125 cc. of electrolyte 
were, therefore, constructed. The weighed bulb containing the stannic 
chloride was broken under 70-100 cc. of 0.3 N hydrochloric add in a 
large, thick-walled test-tube. Although much heat was evolved, the re¬ 
action was not violent enough to cause loss by spattering, and no bubbles 
of gas ever reached the surface of the liquid. After being stirred the solu¬ 
tion was filtered through a filter paper in a quartz, funnel into the cell, 
which had been weighed with a charge of mercury. The glass and test- 
tube were rinsed with cold 0.3 N hydrochloric add into the cell until it 
was nearly full and then into a large quartz dish. In all about 800 cc. 
of add was used in washing the glass. The filter with the glass was igni¬ 
ted gently in a platinum crudble and the residue was weighed. The 
glass, after ignition, showed no evidence of containing tin. The ash of 
the filter was only o. 11 mg. 

In order to show that this method of determining the weight of the glass 
involved no gain or loss, in several experiments an unsealed bulb similar 
to those used in collecting the stannic chloride, after being weighed in a 
platinum crudble, was broken under an add solution of stannic chloride, 
and the fragments were washed and collected upon a filter in exactly the 
same way as in an analysis. The filter was burned in the same crudble, 
and the change in weight, corrected for the ash of the filter, determined. 
As the following table shows, a very slight average loss is indicated, owing 
probably to solution of the glass in the add. This loss is so small in com¬ 
parison with the weights of material used, that no attempt has been made 
to apply a correction. 
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Excess in weight of crucible + Excess In weight of crucible + Lou. 

tsulb over counterpoise. G. glass over counterpoise. G. Q. 

1 .74104 II.74097 0 00007 

2.7850a a.78494 0.00008 

2.69270 3.69267 0.00003 

2.75258 *75257 0,00001 

2.59472 2.59462 000010 


Average, 0.00006 

The dilute washings in the quartz dish were evaporated with a small 
amount of sulfuric and about 10 cc. of cone, nitric acid, over an electric 
stove. In this way the hydrochloric acid was oxidized before the solu¬ 
tion became sufficiently concentrated to introduce danger of losing stannic 
chloride by volatilization. 

Before commencing the electrolysis the column of bulbs ground into 
the neck of the cell to catch spray was rinsed with constant boiling hydro¬ 
chloric acid in order to prevent hydrolysis of any tin salt which might be 
projected into the bulbs. A current of r to 2 amperes was then passed 
through the cell, immersed in pure water, until chlorine ceased to be 
evolved. Usually this required 18 to 24 hours. At this point nearly all 
the tin had been deposited in the mercury cathode, but a considerable 
residual conductivity of the electrolyte was due to perchloric acid formed 
during the electrolysis. The column of bulbs was now rinsed into the 
cell and the aqueous contents of the cell were removed and placed in the 
quartz dish containing the evaporated rinsings of the glass of the bulb. 
The amalgam was rinsed a few times with water and the washings added 
to tlie contents of the dish. Then the solution in the dish was evaporated 
over an electric stove until all volatile material except the sulfuric arid 
and stannic sulfate had been expelled. This residue was dissolved in 
water, the solution was returned to the cell and electrolysis was continued 
for several hours. 

Next the electrolyte was siphoned from a point near the surface of the 
mercury while the purest water saturated with electrolytic hydrogen was 
added at the top of the cell with the full potential of the battery, 16 volts, 
applied at the electrodes, care being taken not to break the electrical cir¬ 
cuit. As soon as the reading of the ammeter in the circuit became zero, 
all the remaining aqueous liquid was removed and the amalgam was 
further rinsed, first with water, finally twice with alcohol. During the 
washing the cell was inclined and slowly rotated, so that liquid trapped 
between amalgam and cell wall might be removed. In order to prepare 
the cell for weighing, the outside was rinsed with water and wiped with a 
dean, lintless doth. The special stopper was inserted and the cell was 
placed in a tubular vacuum desiccator containing fused sodium hydroxide, 
which was exhausted by means of a Geryk pump. Cafe was taken to 
reduce the pressure slowly at the end so as to avoid spurting of the amal- 
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gam. As soon as evaporation of the alcohol was complete, the cell was 
transferred to a second vacuum, desiccator, which was imme di ately ex¬ 
hausted. After several hours the cell was weighed by substitution for- a 
similar counterpoise containing mercury, which also was kept in an ex¬ 
hausted desiccator between weighings. 

In order that the cell and mercury might be subjected to the same 
influences before and after use in an analysis, it originally was partly 
filled with dil. sulfuric acid, which was electrolyzed for from 2 to 12 hours 
with 1 ampere. It was then treated as described above, previous to the 
initial weighing. 

The combined electrolyte and washings were evaporated nearly to 
dryness in a quartz dish over an electric stove, and transferred to a weighed 
platinum crucible. A small amount of nitric acid was added to insure 
complete oxidation of the tin to the stannic condition, and the solution 
was again evaporated, first on the electric stove, then over a flame, until 
the crucible was barely red for an instant. 

In computing the correction for this residue the assumption is made 
that the tin was all in the form of stannic sulfate. But although tin was 
actually found to be present, it is probable that part of the residue con¬ 
sisted of sulfates of alkalies extracted from the glass of the cell. How¬ 
ever, since the percentage of tin in stannic sulfate and the percentages of 
sodium and calcium oxides in the sulfates are not very different, 38, 43 
and 41, respectively, and since the weight of the residue usually did not 
exceed 3 mg. and in only one case exceeded 4 mg., the uncertainty from 
this source cannot be large. 

When the cell and the residue had both been weighed, the residue was 
dissolved in very dil. sulfuric acid 1 and returned to the cell, where it was 
electrolyzed for several hours, frequently overnight. The cell and elec¬ 
trolyte were then treated as before, and if a change in the total weight 
of tin was observed the process was repeated until the total remained 
constant within o. 1 mg. Occasionally only 2 electrolyses were neces¬ 
sary, but frequently a perceptible diminution in weight was observed in 
the second electrolysis. In this case usually the second and third weights 
agreed. 

We are inclined to impute the slight loss to liquid trapped either under 
or in the amalgam. The fact that considerable solid amalgam always 
was present may account for this. In order to eliminate this error so 
far as possible, in the later analyses, where the quantity of stannic chloride 
was larger and the danger greater, the amalgam was liquefied by raising 
the temperature with a heavier current, and then cooling the cell before 
drawing off the electrolyte. 

In the second series of fractions some of the bulbs were so large that it 
1 This process wu omitted la Analyses 1, 3 and 5. 
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was necessary, on account of the violence of the reaction, to increase the 
volume of add under which the bulb was broken. Here the original 
liquid, about 125 ec., was immediately electrolyzed in the cell. The resid¬ 
ual electrolyte was taken out and preserved, and the first 125 cc. of wash- 
mgs was electrolyzed. Then the first and second electrolytes, together 
with the dilute washings were combined, evaporated and treated as be¬ 
fore. 

In several analyses a slight black deposit was formed on the inner wall 
of the glass cell, insoluble in add but soluble in chlorine. It was sus¬ 
pected that the deposit was platinum, dissolved from the anode by the 
chlorine evolved daring electrolysis, but reduced by the stannous chloride. 
In one case the deposit was dissolved in aqua regia, great care being taken 
not to'aJlow the solvent to touch either anode or cathode. When the solu¬ 
tion had been evaporated to small bulk, a drop of cesium chloride gave 
an immediate yellow predpitate. It is obvious that the formation ol 
this deposit involves no gain or loss in weight of the cell. 

In Analyses 1 to 10, about 150 g. of mercury was used in each ex peri 
ment; in Analyses 12, 13 and 15, about 200 g., and in Analyses 11, 14 and 
16, * 5 ® g- 

Because of the large weight of the loaded cell, it could not safely b« 
weighed on the No. 10 Troemmer balance used in weighing the bulbs and 
crudbles. Instead, in Analyses 1 to 5, a large Sartorius balance, sensi 
tive to 0.2 mg., was employed; for all others a No. 6 Troemmer was se 
cured, sensitive to 0.05 mg. with a load of 500 g. Weights were stand 
ardized by the Richards method of substitution. The cells and crudbla 
were weighed by substitution for counterpoises of very nearly the sami 
shape, size and volume. 

The amalgams were uniformly bright and lustrous. In order to shov 
that oxidation is negligible, a bright lump of tin which had been fusee 
in hydrogen on an alundum boat was dropped into a cell containing mer 
any and was weighed at intervals. 

o. 

Weight of cell + amalgam (initial) . C + 6.34944 

Weight of cell + amalgam after 2 day* . C + 6 34943 

Weight of cell + amalgam after 3 day*. C + 6.34942 

Further evidence on this point, as well as on the accuracy of the dec 
trolytic process in general, was obtained as follows: A button of tin whicl 
had been fused in hydrogen on an alundum boat was placed in a platinui 
gauze basket and supported upon the anode of a cell which had bee; 
prepared for weighing. After the system had been weighed, 2 JiV hydre 
chloric add was added, the tin was electrolytically transported from anod 
to cathode, and the hydrochloric add decomposed by electrolysis. Tb 
amalgam was washed and dried, and the electrolyte was evaporated, s 
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previously described. When the amalgam and residue had bees weighed, 
the residue was dissolved in acid, returned to the cell and electrolysis 
repeated. 




1. 

n. 



0. 

0. 

Weight of tin 


1.98341 

7.19 

Weight of cell 


4.01336 


Weight of cell + tin 


599677 

9 43879 

Weight of cell + amalgam 

1 

5 99654 

9-43859 

Weight of residue 

I 

0.00057 

0.00039 

Corrected weight of cell + 




amalgam 

1 

5 99676 

9 43873 

Change in weight 

1 

—0 00001 

—0.00006 

Weight of cell + amalgam 

2 

5 99653 

9 43843 

Wright of residue 

2 

0.00069 

0.00075 

Corrected weight of cell + 




amalgam 

2 

5 99679 

9 43872 

Change in weight 

2 

+0.00002 

—0.00007 


The dose agreement of the weight of the factors with that of the prod¬ 
ucts is a sufficiently rigid test of this method of determining tin. Further¬ 
more, some time after the last 2 experiments had been completed, Mr. 
C. H. Wilson obtained additional evidence that the weight of the tin and 
mercury together is equal to the weight of the amalgam corrected for 
the weight of the residue, although in the case of zinc and cadmium a 
very slight excess in the weight of the products seems to be characteristic. 
This point will be considered in detail in a later paper. 

In computing the vacuum corrections for tin amalgam, account was 
taken of the fact that a saturated solution of tin in mercury contains 
only 0.97% of tin at 15 0 and 1.21% at 25 0 , so that a large proportion 
of the tin obtained in the analyses was weighed in the form of solid amal¬ 
gam. By extrapolating the results of Richards and Wilson* the density 
of a 1% liquid amalgam seems to lie between 13.460 and 13.475 at 20 
Using the average value, 13.468, the vacuum correction for 1 g. of tin 
dissolved in mercury to form a 1% amalgam is—0.006 mg. On the other 
hand, the correction for tin in the form of solid amalgam is somewhat 
larger and positive in sign. 


Substance. 

Temp. 

*C. 

Density. 

Vaco urn correc¬ 
tion /or 2 r. 3b. 
Me. 

HgtSn 

*1.3 

11 . 456 * 

+O.OI6 

HgSn 

14.2 

10 . 369 * 

+ 0.017 

Hg.Su 

26 

11.38a* 

+ 0.018 

Hg Sn 

26 

10 . 345 * 

.+ 0.018 


Average, +0.017 

* Matthiesen, Pogg. Ann., no, 21 (i860). 

* Kupfler, ibid., ns, 445 (1861). 


* Can wgM Inst. Pub^ No. 118 (1909). 
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was necessary, on account of the violence of the reaction, to increase the 
volume of add under which the bulb was broken. Here the original 
liquid, about 125 cc., was Immediately dectrolyxed in the cell. The resid¬ 
ual electrolyte was taken out and preserved, and the first 125 cc. of wash¬ 
ings was electrolyzed. Then the first and second electrolytes, together 
with the dilute washings, were combined, evaporated and treated as be¬ 
fore. 

In several analyses a slight black deposit was formed on the inner wall 
of the glass cell, insoluble in add but soluble in chlorine. It was sus¬ 
pected that the deposit was platinum, dissolved from the anode by the 
chlorine evolved during electrolysis, but reduced by the stannous chloride. 
In one case the deposit was dissolved in aqua regia, great care being taken 
not to’allow the solvent to touch either anode or cathode. When the solu¬ 
tion had been evaporated to small bulk, a drop of cesium chloride gave 
an immediate yellow precipitate. It is obvious that the formation of 
this deposit involves no gain or loss in wdght of the cell. 

In Analyses 1 to 10, about 150 g. of mercury was used in each experi¬ 
ment; in Analyses 12, 13 and 15, about 200 g., and in Analyses 11, 14 and 
16, 250 g. 

Because of the large weight of the loaded cell, it could not safely be 
weighed on the No. 10 Troemmer balance used in weighing the bulbs and 
crucibles. Instead, in Analyses 1 to 5, a large Sartorius balance, sensi¬ 
tive to 0.2 mg., was employed; for all others a No. 6 Troemmer was se¬ 
cured, sensitive to 0.05 mg. with a load of 500 g. Weights were stand¬ 
ardized by the Richards method of substitution. The cells and crucibles 
were weighed by substitution for counterpoises of very nearly the same 
shape, size and volume. 

The amalgams were uniformly bright and lustrous. In order to show 
that oxidation is negligible, a bright lump of tin which had been fused 
in hydrogen on an alundum boat was dropped into a cell containing mer¬ 


cury and was weighed at intervals. 

o. 

Weight of cell -f- amalgam (initial) . C +■ 6.34944 

Weight of cell + amalgam after 2 days. C + 6.34943 

Weight of cell + amalgam after 3 daya. C + 6.3494a 


Further evidence on this point, as well as on the accuracy of the elec¬ 
trolytic process in general, was obtained as follows: A button of tin which 
bad been fused in hydrogen on an alundum boat was placed in a platinum 
gauze basket and supported upon the anode of a ceil which had been 
prepared for weighing. After the system had been weighed, 2 \N hydro¬ 
chloric add was added, the tin was electrolytically transported from anode 
to cathode, and the hydrochloric add decomposed by electrolysis. The 
amalgam was washed and dried, ami the electrolyte was evaporated, as 
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previously described. When the amalgam and residue had been weighed, 
the residue was dissolved in add, returned to the cell and electrolysis 
repeated. 




1. 

0 

IL 

O. 

Weight of tin 


1.9834* 

7*9 

Weight of cell 


40*336 


Weight of ceil + tin 


5 99677 

9 43879 

Weight of cell + amalgam 

I 

5 99654 

9 43859 

Weight of residue 

Corrected weight of cell + 

I 

O.OOO57 

0.00039 

amalgam 

I 

5 99676 

9 43873 

Change in weight 

t 

—0 00001 

—000006 

Weight of cell + amalgam 

2 

5 99653 

9 43843 

Weight of residue 

Corrected weight of cell + 

2 

0.00069 

0.00075 

amalgam 

2 

5 99679 

9 43872 

Change in weight 

2 

+0.00002 

—0.00007 


The dose agreement of the weight of the factors with that of the prod¬ 
ucts is a suffidently rigid test of this method of determining tin. Further¬ 
more, some time after the last 2 experiments had been completed, Mr. 
C. H. Wilson obtained additional evidence that the weight of the tin and 
mercury together is equal to the weight of the amalgam corrected for 
the weight of the residue, although in the case of zinc and cadmium a 
very slight excess in the weight of the products seems to be characteristic. 
This point will be considered in detail in a later paper. 

In computing the vacuum corrections for tin amalgam, account was 
taken of the fact that a saturated solution of tin in mercury contains 
only 0.97% of tin at 15° and 1.21% at 25 0 , so that a large proportion 
of the tin obtained in the analyses was weighed in the form of solid amal¬ 
gam. By extrapolating the results of Richards and Wilson* the density 
of a 1% liquid amalgam seems to lie between 13.460 and 13.475 at 20 °. 
Using the average value, 13.468, the vacuum correction for 1 g. of tin 
dissolved in mercury to form a 1 % amalgam is —o. 006 mg. On the other 
hand, the correction for tin in the form of solid amalgam is somewhat 
larger and positive in sign. 


Substance. 

Temp. 

•c. 

Density. 

Vacuum correc¬ 
tion for 1 g. So. 
Ms. 

HfoSn 

H -3 

11.456* 

+0.0*6 

HgSa 

14.2 

10.369* 

+0.0*7 

HgjSn 

26 

11.382* 

+0.018 

HgSn 

26 

* 0 - 345 * 

+0.0*8 


Average, +0.017 

* Matthiesen, Pogg. Ann., no, 21 (i860). 

* Kupffer, ibid., na, 443 (*86*). 


* Canugi* Inst. Pvb„ No. «8 (1909). 
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From the quantity of mercury used in each experiment and the weight 
of tin obtained, the vacuum corrections for the tin in the form of liquid 
and solid amalgams were computed in each case. 

Thb Atomic Weight or Tin. 

Cl = 35.457. 

Series I. 


No of 
aasly sis. 

Frac¬ 

tion 

Weight of 
SnCli in 
vacuum. 

G 

Weight of tin 
in amalgam Weight of 
in vacuum residue 

G G 

Total weight 
of tin 
in vacuum 

G 

Sn 40 

Atomic 
Weight 
of tin 

I. 

7 

13 5943 

6.1927 

O 0021 

6 1935 

0 836R7 

118 691 

2. 


10 7469 

4 8956 

O 0024 

4 8965 

0 83695 

118 703 

3-.. • 

II 

12 2869 

5 5959 

O 0062 

5 5983 

O 83699 

118.709 

4. 

8 

10 0897 

4 5962 

O 002 2 

4 5971 

O 83696 

ns 705 

5. 

9 

II 4319 

5 2069 

O 0028 

5 2080 

0 83677 

118 678 

6. 

12 

12 20889 

5 56205 

O 00212 

5 56286 

0 837020 

118 70 

7. 

14 

II 54233 

s 25760 

O 00226 

5 25846 

O 8368l8 

I 18 684 

8 .... 

5 

II 64269 

5 30452 

O 00120 

5 30498 

0 837050 

118 717 





Senes II. 





7 

15 04889 

6 85605 

0 00235 

6 85695 

O 837037 

118 715 

10 ... 

8 

18 36074 

8 36361 

0 00381 

8 36507 

O 836869 

I18 692 

II.... 

9 

21 58929 

9 83561 

0 00302 

9 83676 

0 836991 

118 709 

12 ... . 

IO 

17 22210 

7 8466s 

0 00138 

7 84718 

O 837040 

I18 716 

13...■ 

4 

17 29ISI 

7 87737 

0 00297 

7 87850 

0 836980 

118 707 

14...• 

3 

16 23310 

7 39587 

0 00202 

7 39664 

O 837059 

118 718 

IS.... 

II 

15 70516 

7 15512 

0 00201 

7 15589 

O 837018 

118 713 

l 6 .... 

2 

15 65437 

7 I 3 I 4 ‘ 

0 00148 

7 I 3<98 

O 836852 

118 689 

Total. 


230 6487 



105 0893 

O 836969 

I18 706 




Average 

of Series I. 


O 836929 

118 700 




Average 

of Series 11 


O 836955 

118 707 




Average 

of Series I aud 11 ... 


118 703 


In Analysis 8 amalgam was lost through spattering after the first weight 
had been obtained. This weight is somewhat uncertain, since the ap¬ 
pearance of the amalgam was not as lustrous as usual. In Analysis 10 
a similar loss of mercury was suspected in the third electrolysis, so that 
although the result of the second electrolysis was considerably less than 
that of the first, the second weight is the one recorded. In Analysis 11 
five electrolyses in all were completed, the extreme weights differing by 
0.45 mg., the last 3 by 0.19 mg. The fourth weight, which was the 
lowest, is given in the table. 

If the results for the atomic weight of tin are arranged in the order in 
which the fractions were distilled, only irregular variations are apparent. 
Hence there can be little question that the different portions were es¬ 
sentially identical in composition. 

The final average, Sn = 118.703 (Cl » 35.457) is in very close agree¬ 
ment with the one obtained by Briscoe by comparing tin tetrachloride 
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with silver, 118.698. The percentage of tin in stannic chloride found by 
us is 45 562, while Briscoe found 54 439% of chlorine. The sum is 
100 001%, a highly satisfactory and convincing outcome. The more 
recent experiments of Brauner and Krepelka also are in entire accord 
with the above result. 

It is a great pleasure to express our gratitude to the Carnegie Institu¬ 
tion of Washington and to the Elizabeth Thompson Science Fund for 
very generous assistance in providing indispensable apparatus. 

Cambridge, Mass 
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A REVISION OF THE ATOMIC WEIGHT OF TIN. 1 I. 

By Bohusi.av Brauner and Henry Krepelka 
kettivrd February 1T 1920 


In his critical discussion on atomic weight determinations, 2 Brauner 
has given the following summary- of all the earlier atomic weight deter¬ 
minations of tin. 



Ratio 

At <rt 

Gay-Lussac 1811 

S11 Sn(> 2 

117 65 

Berzelius 1812 

S11 SnO, 

117 6S-I18 08 

Mulder 1849 

Sn SnOj 

117 00-116 30 

Vlaaiiderai 185 s 

Sn SnO, 

118 16 

Dumas 1859 

j a Sn Sii< >, 

118 06 

h SnCl, 4 Ag 

117 98 

V <1 Blasts 1883 

j n Sn SnO. (oxidation) 

1 IS 09 

h SnO, Sn (reduction) 

118 07 


1 a Sn Suit; 

HO 34 


1 h (NH.HSnCU Sn 

119 09“ 

Bengali/ and Classen 1888 

f KjSnCU Sn 

119 07* 


I d SnBr< Sn 

US 97* 


1 e SntSnS>^ BaSO* 

119 05* 


The Mcaj of starred values 

119 05 


While our work was being carried on, Briscoe 3 and Baxter and Stark¬ 
weather’ published the values 118.69 (SnCb : 4Ag) and 118.703 (Sn : 
4CI), respectively On account of the embargo placed by Austria on 
English publications during the war the present authors were entirely 
ignorant of both above-mentioned researches until some time after the 
armistice was signed. 

Until the year 1888 the atomic weight of tin had been taken as 118; 

1 Presented to the Bohemian Academy of Sciences, Prague, 1917. 

* Abegg’s "Handbufh der anorg Chcmie," Group 4, 519. 

* J. Chan. Soc., 107, 76 (1915). 

4 Proc. Nat. A<,ad. Set., a, 718 (1916). 
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later as 119. Brauner points out that the earlier value (118) is neces¬ 
sarily too low, as in converting tin into the dioxide the weight of the lat¬ 
ter is increased by the weight of occluded products of decomposition of 
nitric acid. On the other hand, Brauner regards the value, 119, as too 
high, since Bongartz and Classen worked with or finally used electrolyt 
tin; obtained in this way, tin cannot be entirely pure (i. e., 100%) and 
its occluded impurities would cause a proportionate increase in atomic 
weight. The error in the accepted atomic weight was 0.35, indicating 
that tin such as they used contains approximately o, 3% of occluded mat¬ 
ter. The same opinion is held by Cohen, the prominent Dutch expert 
an tin. 

The work described in this paper, stimulated by the above considera¬ 
tions, included an examination of the respective worths of methods hitherto 
used in determining the atomic weight of tin, an examination of the purity 
of electrolytic tin, and finally a revision of the atomic weight, correcting 
the high value in the Internationa) Table. 

A. Oxidation of Tin by Nitric Acid. 

The material with which we started was tin foil, containing, according 
to Mylius’ analysis, only 0.004% of foreign matter. This tin foil was 
oxidized by dil. nitric acid in a platinum crucible. The metastannic 
add thus formed was heated in an electric furnace to 900 °, but it was 
found not to give constant weight even after 3 or 4 heatings. Possibly 
the adsoiption of air on the large surface of stannic oxide increased the 
total weight. 

0.2239 g- stannic oxide differed in single weighings by from 0.00005 
to 0.00015 g. The orientation values obtained in this way did not differ 
much from older determinations, 1 although the metallic material we used 
was far purer than that used by the earlier investigators. The mean of 
3 determinations gave 118.02 for the atomic weight. 

B. Removal of Occluded Products. 

In order to set free the oeduded gaseous products of nitric add and to 
prevent adsorption we heated stannic oxide obtained on oxidation, with 
remelted potassium sulfate. Thus 3 syntheses were made, whose mean 
gave, as expected, a higher value, 118.66. 

SnOi given by I g of Sn At, wt. 


Mean of results A . 1.17121 118.02 

Mean of re .ults S .. 1 26960 1:8.66 

Difference. —0.00161 + 6.64 


This difference denotes mainly the quantity of adsorbed air and lib¬ 
erated gaseous produets which had been occluded. 

•Berzelius, 118.08; Dumas, 118.06. 






ATOMIC WEIGHT OF TIN. I. 


919 


C. Electrolysis of Diammonium Stannic Chloride. 

For the preparation of pure substance Classen’s methods 1 were used. 
The electrolytic process, however, was modified: the cathodes used con¬ 
sisted of tin only, prepared from pure tin. By this arrangement the over¬ 
voltage of hydrogen evolution was considerably increased (amounting to 
0.5 volt for normal solutions of tin, according to Caspari); moreover, 
use of tin cathodes made it possible to remelt the electrolytically deposited 
tin, together with the cathode. A weighed quantity of ammonium 
chlorostannate ((NHihSnCl*) was dissolved in a solution of ammonium 
hydrogen oxalate, saturated in the cold. The electrolyte was kept above 
20°, the transition point of gray tin The compact tin-coating, consist¬ 
ing of well-defined silvery crystals, was weighed, together with the cathode 
after a thorough washing in water and drying at 120°, and placed in a 
porcelain boat, the cathodes having the form of the boat, and remelted in 
a current of hydrogen. Subsequently it was oxidized at a temperature 
above the melting point of tin and again reduced by hydrogen. 

Hydrogen, evolved in Kipp's apparatus by means of redistilled sulfuric 
acid acting on pure zinc free from arsenic, was passed through a system 
of washing flasks, containing 20% sodium hydroxide solution, 15% 
silver nitrate solution and distilled water, then over red-hot copper-wire 
gauze, and into the reducing tube of combustion glass, at the end of which 
the gas was ignited Single connections in the system were made by 
means of ground glass joints. Oxygen from a gasholder was washed 
with water and led into the oxidizing tube. Thus the following 5 
electrolyses were made: 


Tablb I.—Tin from the Electrolysis op Diammonium Stannic Chloride. 


(NHA SnCU 

Q 

Density of currcut 

Sn before 
melting G 

S 11 after 
melting G 

& 

Sn 

0 66721 

0 1 A 

0 2-0 5 

0 21589 

0 21598 

-j-o 00009 

Ii9.Il 

O 94915 

0 2A 

0 6A 

0 30723 

0 30717 

— 0 00006 

119 06 

I 19720 

0 iA 

0 5A 

0 38753 

0 38732 

—0 00021 

119.00 

I 93J70 

0 isA 

0 45A 

0 62475 

0 62456 

—0 00019 

118.89 

4 21585 

0 2 A 

0 3-0 5A 

1 36463 

1 36451 

— 0 00013 

1x9.08 






Mean ™ 

1*9 03 


In all these cases a compact coating of silvery tin crystals was deposited. 
After the first remelting in hydrogen a silvery grain was obtained, on 
the surface of which carbon was distinctly visible, identified afterwards 
by dissolving the tin in hydrochloric add. Besides this, the bottom of the 
boat was covered with a dark gray incrustation (unaffected by hydrochloric 
acid) whidi, during the following oxidation, disappeared and after reduc¬ 
tion reappeared In all these cases quantitative reduction was found to 
be impossible; it could not be effected even at higher temperatures; there 
1 Classen and Hougartz, Ber„ at, 3900 (1888). 
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always remained a tiny spot of oxide floating on the molten silvery sur¬ 
face. 

Parallel experiments made with the pure tin used in A showed that 
these phenomena, observed during oxidation and reduction, are due to 
the impurities in electrolytic tin and are not caused by the hydrogen or 
oxygen used. 

Omitting the first electrolysis, where the produced tin showed, after 
remelting, a small inexplicable increase, we got from the other 4 a mean 
value for the impurity of the electrolytic tin, of o 00021 g. per g. of tin, 
which would have the effect of increasing the atomic weight by +0.08. 

D. Synthesis of Tin Tetrabromide. 

The next step in the revision of the atomic weight was the synthesis of 
tin tetrabromide from pure tin and bromine prepared by Brauner’s method, 
described later. 

The first experiment, involving the synthesis and weighing of 
the stannic bromide, when the excess of bromine had been distilled off, 
gave a negative result, owing to the volatility of stannic bromide 

The second experiment was carried out in a Landolt tube, excess of 
bromine being determined by titration, with o 05 N sodium thiosulfate 
solution. A piece of tin foil was placed in one arm of the Landolt tube, in 
the other was placed a glass bulb containing a weighed quantity of bro¬ 
mine, which had been introduced into the bulb under a bell-jar by re¬ 
peated alternate evacuation and introduction of pure dry air. However, 
this experiment also gave negative results, because of difficulties caused 
by the titration of the excess of bromine. 

E. Analysis of the Tetrabromide. 

Preliminary Determination of the Atomic Weight. 

The best and most reliable method for atomic weight determinations 
has always proved to be the analysis of compounds with halogens, as 
elaborated by Richards and his co-workers. Dumas had used tin tetra¬ 
chloride for atomic weight determinations, but his method did not pre¬ 
vent hydrolysis from taking place during the titration of the silver excess 
with sodium chloride solution and neglected thus an occlusion of silver 
nitrate by liberated stannic acid. Moreover, the value obtained was 
unfavorably affected by the use of impure silver and by the mixing of 
highly concentrated solutions. 

In the case of tin, the chloride or bromide alone is to be considered. 
The chloride perhaps would be more suitable, since it can be obtained 
very pure, because it can be distilled without decomposition, and is less 
easily hydrolyzed than the bromide. On the other hand, the prepara¬ 
tion of bromide is simpler (pure dry bromine being easily obtainable), 
the tetrabromide shows less tendency to form the oxy-salt, and the formation 
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of dibromide does not take place. The bromide is far more stable at 
higher temperatures, and as it solidifies below 30°, it can be handled as 
a crystalline mass. For these reasons the bromide was chosen|for A this 
work. 

Preparation of Pure Substances. 

Tin.—Pure tin was rolled out into thin foil which was then cleaned 
with sea-sand, washed in pure benzene, in alcohol, and finally in distilled 
water, and dried at 145 °. 

Bromine was prepared by Brauner's method, namely by liberating 
bromine from pure potassium bromide by means of chromic acid and col¬ 
lecting under water. The bromine thus obtained was shaken with water, 
purified from chlorine and iodine by rectification over a mixture of water, 
potassium bromide and zinc oxide, and dried by shaking with calcium 
bromide and calcium oxide, the last traces of water being removed by 
phosphorus pentoxide. The dry bromine was then redistilled in a glass 
apparatus, connections having been made with air-tight joints. 

Tin Tetrabromide. —The preparation of this substance was accom¬ 
plished in a suitably adjusted Lorenz’s 1 apparatus. The whole apparatus 
was of glass, single parts being sealed together or connected by air-tight 
ground joints. 

The single parts, as well as the whole apparatus, were thoroughly 
steamed out in a room perfectly free from hydrogen chloride. Then 
through the whole apparatus there was passed dry air supplied by a 
water pump and purified by washing first with alkaline permanganate 
solution, passing over cone, sulfuric acid, then through 2 tubes filled with 
melted potassium hydroxide and finally through 2 tubes containing 
phosphorus pentoxide and glass beads. 

Pieces of the purified tin foil were then placed into the chief reaction 
bottle R and the whole system finally dried by repeated evacuation over 
tubes with phosphorus pentoxide and calcium bromide. Bromine from 
Bottle A distilled into Bottle B, which was provided with an air-tight 
tap* and ended in a capillary in the reaction Bottle R. In this way the 
flow of bromine was so regulated as to prevent an overheating of the re¬ 
action bottle as well as to keep the bottle free (as far as possible) from 
bromine vapors during the operation. During the reaction of bromine 
on tin Bottle R was kept shut off from the remaining parts by an air¬ 
tight glass Stopcock 2; while communication with outside air was made 
through a drying tube system, similar to that of Bottle D, containing 
Tube M, with calcium bromide and N, with calcium chloride. The reac- 
1 Z. anorg. Chem., 9, 365 (1895). 

* The stopcocks were made with long necks and were ground very smooth. They 
were tested by being connected to a vacuum when it was found that no perceptible 
leakage occurred during an hour and a half. No lubricant was used. 
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tion started violently, sparks being formed^at^the points of contact of 
bromine with tin, but became moderate as more tetrabromide was formed 
and the addition of bromine suitably regulated. The dripping of bromine 

was stopped so as to 
leave some tin uncom¬ 
bined. stopcock con¬ 
necting with Bottle A 
and Vessel B and Stop¬ 
cock 2 were dosed. The 
reaction bottle, contain¬ 
ing tin tetrabromide, 
thus isolated, was 
wanned. During the 
warming the slight 
brownish bromine color¬ 
ation disappeared and 
the liquid tetrabromide, 
colorless and refracting 
like carbon disulfide, 
was distilled through Stopcock 2 into the fraction Bottle C, which was pro¬ 
vided with a narrow tube sealed in the neck for thermometer. Then after 
Stopcock 2 had been dosed the distilled portion was again divided into 
3 parts. The first part boiling at 200 5-201 distilled over into the Bottle 
D (the c ommuni cation with the bell-jar was cut off by means of Stopcock 3), 
through the stopcock 4. The middle fraction, with a constant boiling 
point of 201 °, was distilled through Stopcock 3 into a glass beaker placed 
under the bell. In this beaker were suspended small resistance-glass 
bulbs, each of which had been weighed and marked. The connection 
with the glass-bell was made by means of a fine ground stopper to which 
was sealed a narrow tube extending to the bottom of the glass beaker. 
In order to keep the tetrabromide 
liquid, the temperature inside the 
bell was maintained at 45 0 by means 
of an electric oven to which the elec¬ 
tric current was conducted through 
Tubes M and N, terminating in air¬ 
tight joints. 

The bulbs were filled by repeated 
evacuation and slow admittance of 
dry pure air (Fig. 2), whereupon the 
electric current was cut off and 
the tetrabromide allowed to solidify 
on coding. Then the tube T was 
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cut, the contents of the bell taken out, and every bulb quickly sealed. 
During this operation the column of solid tin tetrabromide in the necks 
prevented the air from coining into contact with 
the inside of the bulbs (Fig. 3). The single 
bulbs and the corresponding necks were then 
washed with nitric acid and distilled water and 
finally dried in desiccators over phosphorus pen- 
toxide. 

Water.—To the distilled water for ordinary 
laboratory use alkaline permanganate solution 
was added and left to stand in sunlight for 2 or 3 
months. Then it was distilled through a silica 
condenser and the middle portion redistilled through a platinum condenser. 
The middle portion of this distillate was kept in resistance-glass bottles. 

Nitric Acid was distilled twice and the middle fraction of the second 
distillation used. 

Tartaric Acid was "purissimum pro analysi” purchased in the open 
market. Water, nitric acid, tartaric acid were all examined nephelometri- 
cally. 

Silver.—Material was used which was prepared according to Stas by 
the reduction of silver chloride with gtucose. 

All these operations were performed in a room free from hydrogen 
chloride and hydrogen sulfide. 

Weighing was done on a balance made by Nemetz-Vienna of which 
the sensitivity was adjusted so that the addition of one milligram to a 
10-g. load changed the zero position by 10 scale divisions. All weighings 
were corrected for vacuum, the specific gravity of brass taken as 8.33 
that of tin tetrabromide as 3.349, and that of silver as 10 ■ 49. 

Analysis of Tin Tetrabromide. Series A. 

The ratio SnBr« : 4Ag was determined, the atomic weight of tin being 
thus directly compared with the fundamental atomic weights of silver 
and bromine. The weight of tetrabromide was found by weighing the 
empty bulbs and adding the pieces of glass sealed off. An amount of 
silver calculated according to the weight of tetrabromide, was weighed 
and dissolved in a 500 cc. flask provided with a column of bulbs to catch 
possible spatterings. For the solution of silver 10% nitric add was used 
in small excess. All of the silver dissolved overnight without warming; 
after this the nitrous add and oxides of nitrogen were expelled by heating 
and the solution was then diluted through the column of bulbs so as to 
be less than 0.1 N. 

The bulb containing tetrabromide was introduced into a calibrated 
glass cylinder with a finely ground stopper, then broken under water 
which contained nitric add and tartaric add, and the solution diluted. 
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Only through this introduction of tartaric acid was it found possible to 
solve the problem of the revision of the atomic weight of tin. Tartaric 
acid, even in greatly diluted solutions, keeps tin in solution, probably as 
a complex stannyl-tartrate ion, which is not precipitated by silver, so that 
no silver stannate can be formed. The advantage of similar complex 
compounds has been used in the determinations of the atomic weights of 
antimony by Cooke and tellurium by Brauner 

Solutions were mixed in a dark room in yellow light. After all of the 
silver nitrate solution had been poured slowly and with continuous agita¬ 
tion into the cylinder containing the bromide, the cylinder was closed by 
a glass stopper, put into a cardboard box and strongly shaken, first by 
hand, then about 4 hours on a shaking machine After standing over¬ 
night the precipitated silver bromide had settled in a fine compact form 
Since the solutions were very dilute before mixing, all occlusion was pre¬ 
cluded. At the end of 36 hours, when the supernatant liquor was clear, 
the solution was tested nephelometneally, according to the method 
elaborated by T. W. Richards 

Analysis No 1 (trial analysis), 2 u620g of SnBr, was dissolved m water containing 
25 cc of distilled nitric acid and 3 g of tartaric acid Tins solution was then diluted 
to 280 cm For the preparation in this first trial analysis a quantity of siher nitrate 
recrystallized severaf times in the dark was used. corres|>oiiding to S11 = 118 80. 1 r 
AgNOj = 3 28050 g or reduced to vacuum = 3 28093 g The volume of the silver 
nitrate solution was 150 cm , the total volume was 440 cm The analysis was then car 
net! out according to the above mentioned method used at Harvard University 

In a similar manner 3 other analyses were made, for which stiver was 
weighed directly. The following results were obtained 


Table II—Analyses op Tin Tktrabkomidb 


No of 

SnBr* 

Vacuum cor 

bilter 

holir* 4 AK 

Atomic 

analyse 

O 

G 

(. 

weight 

I 

2 11620 

2 11664 

2 08439 

I 01551 

MR 55 

2 

1 I1940 

1 11964 

1 10206 

I 0*595 

1.8 73 

3 

I 973*6 

1 97428 

1 94359 

i 01579 

n8 67 

4 

2 35420 

2 55469 

' 2 31788 

l 01588 

11871 


Mean of analyses Nr 2, 3, 4 = 1:8 70 (Ag = 107 88, Br * 79916J 

Discussion. 

The low value of the trial analysis (with weighing of silver nitrate) 
would be expected, since the error due to the use of crystals of silver 
nitrate not 100% pure lowers the result. The mean of the 3 other 
analyses is 118 70. Stoichiometrically it is of interest that the ratio 
SnBri : 4Ag = 1.01587 : 1 is nearly ideal. In these analyses Stas’ 
silver and the sample of tin tetrabromide denoted as A were used. Since 
tlie silver, remelted in air, always contains some absorbed oxygen, the 
true value must be somewhat higher than that found (118 70); however, 
the error affects only the second decimal. 
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A final determination will be carried out later with new tin tetrabromide, 
using silver prepared expressly by Richards’ method. 

PkAGUlt, Czkchoslovaiuo. 


[Contribution from tub Chemical Institute of Bohemian Charles University 

or Prague ] 

A REVISION OF THE ATOMIC WEIGHT OF TIN.' n. 

By Henry Krepelka. 

Received February H, 1^20 

We have determined in a new and more careful series of trials, the 
ratio SnBri : 4Ag by analysis of newly prepared tetrabromide of tin. 

The materials for this purpose were prepared with great care and cleanli¬ 
ness, and chief attention was paid to removing all traces of moisture from 
the bromine used for the synthesis of the tetrabromide and to keeping 
the latter in an absolutely dry state. Individual analyses were carried 
out in the some way as before, 2 although one profited, of course, by the 
experience gained in the earlier work. The details follow: 

Preparation of New Materials. 5 

Bromine. —Ordinary bromine was shaken in portions in a separatory 
funnel containing distilled water, every portion being thus treated 3 times. 
This bromine was then redistilled from a saturated solution of potassium 
bromide. The distillate was allowed lo drip into a solution of potassium 
oxalate prepared by neutralising pure oxalic acid with pure potassium 
carbonate. The potassium bromide thus obtained was recrystallized 3 
times, and its solution was evaporated with a small quantity of .potassium 
dichromate and twice distilled sulfuric acid. The bromine thus set free 
removed all iodine that may have been present. This evaporation was 
repeated 3 times. In order to remove organic matter the dry bromide 
was melted in small quantities in a platinum crucible. From this re¬ 
melted bromide, bromine was set free by means of an amount of potassium 
dichromate and sulfuric acid, such as to leave undecomposed bromide in 
the distilling flask. The bromine was then redistilled and from a portion 
of this distillate was prepared the calcium bromide used to dry the 
remaining part of the bromine, which was then further dried by shaking 
it with phosphorus pentoxide (twice sublimed in a stream of oxygen), 
and was afterwards distilled directly into the apparatus in which the syn¬ 
thesis of tetrabromide took place. 

Tetrabromide of tin was prepared in the modified Lorenz apparatus. 
During the preparation the communication with the outside air was ef- 

1 Presented to the Bohemian Academy of Sciences, Prague, 1919. 

* B. Brauner and H. Krepelka, This Journal (preceding paper). 

* The remaining reagents not mentioned here were prepared in the same way as 
stated in the preliminary work. 
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fectsd by a drying system (described in the preceding communication) to 
which were added tubes containing sublimed phosphorus pentoxide. 

The course of the reaction showed that both the bromine used and atmo¬ 
sphere of the reaction bottle were absolutely free from moisture, since the 
first drop of bromine did not at once react with the tin foil—only after 5 
minutes did the reaction begin slowly to take place. As soon as the first 
foil was covered with tetrabromide the reaction became violent and accom¬ 
panied by such heat that the surrounding pieces of foil were melted into 
a ball, and the whole reaction bottle had to be quickly cooled. 

The tetrabromide obtained was introduced into glass bulbs provided 
with cone-shaped necks and there sealed. This arrangement removed 
the difficulties encountered at the same operation during the preliminary 
work, when the bulbs used had straight necks. 

Silver.—750 g. of pure ordinary silver was dissolved in portions in 
distilled nitric add (1 : 2) in such a way as to leave a small part of the 
silver undissolved. 

The solution of silver nitrate thus obtained was heated to the boiling 
point and, after the expulsion of nitrous gases, was filtered. The dear 
solution, colored pale blue by copper, was allowed to crystallize by evap¬ 
oration. Silver nitrate thus obtained was fused in a porcelain dish until 
the melted mass became black. This black substance was dissolved in 
water and the solution was filtered and allowed to crystallize by evapora¬ 
tion. The crystallization was repeated 3 times. A spectroscopic ex¬ 
amination of the last crystals showed only the lead line 3683.62 (intensity 
1000), proving thus that all other metals had been removed. 

The silver nitrate obtained in this manner was reduced by ammonium 
formate (prepared from pure formic add and freshly distilled ammonia) 
and the reduced silver was washed with distilled water until the Nessler 
reagent gave no test for ammonia, dried in an dectric drying oven at 
150° and then melted in a current of pure hydrogen according to the 
method elaborated by T. W. Richards. 1 

Pure hydrogen for this purpose was obtained by the electrolysis of a 
solution of pure sodium hydroxide prepared from pure metallic sodium. 
The apparatus used consisted of a long U-shaped tube, in one arm of which 
was evolved oxygen and in the other hydrogen. The arms were long in 
order to prevent the mixing of the 2 gases. The hydrogen was conducted 
into a purifying system composed of 2 Richards’ washing flasks filled with 
a saturated solution of silver sulfate, a U-tube containing fused sodium 
hydroxide, a tube filled with red hot pumice stone covered with platinum 
and of another U-tube containing fused sodium hydroxide. The indi¬ 
vidual parts of the apparatus were connected by means of air-tight ground 
joints. 

‘ Thm Journal, 37, 47a (1905). 
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Grains of remelted silver were etclied with dil. nitric acid which had 
been redistilled, then washed successively in distilled water, ammonia 
water, and again in distilled water. 

Tile final delicate operation, namely the preparation of small pieces of 
pure silver for weighing, was carried out in the following manner. The 
greater portion of the silver buttons was cut up into small pieces on a 
slab of pure silver with a sharp steel chisel—the pieces were then etched 
and washed as above. The remaining grains were rolled between dean 
steel rollers in such a way that after each passing through the roller the 
silver was etched and washed in order to remove any trace of iron which 
it might have acquired. The silver foil was then cut by scissors into small 
pieces, which were then etched and washed as before. 

Weighing was done on the same balance as in the preliminary work, 
but not until after the weights had been tested and corrected. 


Six analyses were made in this series and the following results were 
obtained: 


No of 
analysts. 

No of 
bulb 

SnBr« 

G 

Corr for 
vacuum 

G 

Silver corr 
for vacuum 
G. 

SnBr« 4 Ag 

At wt. 

Difference 

from 

tbe mean. 

I 

19 

5 u6si 

5-11788 

5 03796 

I 

01586 

118 702 

O.O03 

2 . . 

s 

2 46S23 

2 46875 

2-43035 

I 

01580 

118.674 

+0.025 

3 . 

9 

0 99489 

0 99510 

0 97961 

I 

01581 

118.679 

+0.020 

4 

.. 18 

1 69798 

1 69834 

1 67172 

I 

01592 

118.727 

— 0.028 

5- • ■ • 

. 21 

3 54*9* 

3 54-63 

3 4S737 

l 

■01585 

118 697 

+0.002 

6 ... . 

15 

3 82100 

3 82180 

3 76199 

I 

OI590 

us 717 

— 0.018 





Mean, 

I 

01586 

118 699 

±0.016 


Maximum = 118 717 
Minimum =■ 118.674 

Difference ■" 0.053 

Discussion. —The mean value from 6 determinations is 118.699 
(±0.016). The maximum figure, 118.727, found only once, was arrived at 
by the analysis of Bulb No. 18, which was filled as far as to the neck. The 
minimum was 118 674 and this was the result of the analysis of Bulb No. 
8, likewise filled up to the neck. The maximum difference between 
the highest and lowest values is thus o 053. The mean value of all 6 
ratios, SnBr, : 4Ag, is 1.01586. The only probable source of error of 
this series of analyses appears to have been the space in the necks of the 
bulbs not filled with tetrabromide. 

The agreement of the resulting mean value of the atomic weight of thjs 
series of analyses with the mean value of the preliminary determination 
increases the probability of this figure, and supports the value of the atomic 
weight of tin, 118 699 (118.70), as determined by Briscoe' and by Bax- 
1 J, Cbem. Soc., 107, 76 (1915). 
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ter and Starkweather. 1 This value has been accepted by the International 
Committee on Atomic Weights. 

In conclusion I wish to express my gratitude to The Bohemian Academy 
of Arts and Sciences in Prague, with whose financial support this work was 
carried out. I am also obliged to Professors Dr. B. Brauner and Dr. 
Sterba-Bbhn for their valuable advice as well as to Dr. Sveda for his kind 
assistance. 

Wolcott Gibb9 Memorial Laboratorv, 

CambridgH, Mass 
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THE ATOMIC WEIGHT OF LEAD FROM A JAPANESE RADIO¬ 
ACTIVE MINERAL. 

By Theodore W Richards and Jitsusaburo Samkshima 

Recti ved February 14, 1920 

The lead used in this work came from Hokuto, Formosa, Japan, and 
was separated from a crystalline mineral crust containing lead and barium 5 
which had been formed in the bottom of a hot spring. According to 
Hayakawa and Nakano 1 this mixture of minerals contains (liesides cerium 
and lanthanum) some radioactive elements, namely, ionium, polonium 
and radium, but no uranium. With their apparatus, however, they were 
unable to discover radioactivity in the lead chloride obtained from it. 

About 10 g. of metallic lead obtained from this specimen was dissolved 
in pure nitric acid and the lead nitrate was recrystallized several times 
and then converted into chloride by freshly distilled pure hydrochloric 
acid. The lead chloride was recrystallized 4 times by dissolving the 
crystals in hot water in a quartz dish and adding hydrochloric acid. Be¬ 
fore the last crystallization the hot solution of chloride was filtered through 
a Gooch-Munroe crucible. Owing to the small amount of material, no 
further purification was attempted. This lead chloride was then used 
for the determination of the atomic weight of lead. 

The ordinary lead used for comparison was obtained from lead acetate, 
converted into chloride and recrystallized 5 times in the same manner as 
the Japanese lead. 

The method of analysis was similar to that already often described 4 in 
other papers. Moist crystals of lead chloride (after washing the last crop 
with pure water) were transferred directly into A platinum boat which 

1 Prac. Nai. Acad. Ski., 2, 718 (1916). 

5 Okamcrto, Betlr Mineral. Japan, 4, 178 (1912) 

•Okamoto, J. Geol. Soc. Tokyo, 18, 19 (1911J; Hayakawa and Nakano, Z.anorg. 
Chm., 78, 183 (1912). 

4 Baxter and Wilson, Proc. Am. Acad., 43, 363 (1907); Richards and Lerabert, 
Tms Journal, 36, 1333 (1914); Richards and Wadsworth, ibid., 38, 2613 (1916); 
Richards and Hail, ibid., 39, 336 (1917). 
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had been previously weighed. By this procedure handling and danger 
of accidental introduction of dust were minimized. The boat was kept in 
a desiccator until the crystals were dry, then brought into the tube of the 
“bottling apparatus,” fused in a current of pure dry hydrogen chloride and 
weighed. The salt was dissolved in water containing a drop of pure nitric 
acid, and no black insoluble residue remained suspended in the solution. 

The chlorine contained in this solution was precipitated in the usual 
manner by its approximately calculated equivalent of silver. The at¬ 
tainment of the exact equivalence between the silver and the chlorine 
was effected by the addition of one or the other and tested in the neph- 
elometer in the customary way. 

All the weighings were reduced to the vacuum standard, the correc¬ 
tion for which was calculated from the density of the substances and 
that of the brass weights. All precautions usual in this sort of work 
were maintained. 

Because of the small amount of the material, the same specimen of 
Japanese lead salt was used in each analysis. After the first determina¬ 
tion was finished, a slight excess of hydrochloric acid was added to the fil¬ 
trate from the siher chloride in order to remove the last traces of silver; 
and the supematent liquid was filtered, evaporated in a quartz dish to 
small volume and filtered again. This solution was mixed with the 
purest mother liquor from which the previously used crystals of lead 
chloride had been deposited, and evaporation was continued until most of 
the chloride was deposited as crystals. The product was recrystallized 
from hot water, and then used for the second determination of the atomic 
weight. A similar treatment intervened between the second and third 
experiments. One analysis, being defective in execution, was rejected. 
The parallel determinations made with ordinary lead show that the de¬ 
tails of procedure had been adequate, since the result agrees sufficiently 
well with the more extended and elaborate work of others. 

The results obtained were as follows: (The atomic weights of silver and 
chlorine being taken as 107.88 and 35.46, respectively): 


The Atomic Weight of Lead. 
From the Ratio, 2 Ag : PbClj. 


Corrected wt 

Corrected wt. 

Ratio 

Atomic 

of fused PbCIa 

Equivalent Ag 

PbCtjA*. 


Ordinary lead < 

I 3.13929 

2 43353 

1.28895 

207.185 

{ 3-09476 

2 40100 

1.28894 

207.183 




Average, 

207 -184 

Japanese lead 

' 3.16756 

1.68212 

1.28859 

307.11 

First ( 

f I 14 S 36 

0.88881 

1.28864 

207.12 

determination 1 

l 1 34496 

I-04358 

1,28879 

207.15 


Average, 307.13 
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The fact that the latter 3 analyses show a progressive increase in the 
value of the atomic weight suggests the possibility that the degree of 
purity of the 3 preparations might have progressively changed. Never¬ 
theless, since from the method of crystallization they should have been 
essentially alike, the appearance of a march in the figures is probably 
fortuitous. In any case no claim can be made for great accuracy in the 
result, because the amount of crude material was not sufficient for work 
erf the highest precision. In spite of this lack, the outcome serves its 
purpose, for it shows that the atomic weight of this lead from a Japanese 
radioactive spring is not far from that of ordinary lead. Probably it is chief¬ 
ly ordinary lead, with perhaps not over 5 % of isotope of lower atomic 
weight. The result coincides well with the fact, reported by Hayaknwa 
and Nakano, 1 that the lead chloride shows but little if any radioactivity 
The quantity of the metallic lead obtained was too small to determine 
a trustworthy value for its density 

Caubridos, Mass. 
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TRIATOMIC HYDROGEN. 

By Gerald L. Wendt and Robert S- Landaubr. 

Received March 2, 1920 

Many years ago Osann’ published a series of papers on a reactive variety 
of hydrogen produced by the electrolysis of dil. sulfuric acid. To this he 
gave the name of “Ozonwasserstoff ’ on account of its analogy to Schdn- 
bein's ozone which had just been discovered, but without knowledge of 
its molecular formula. After protracted arguments Lowenthal 5 seems to 
have proved that the reducing action of Osann’s gas was due to sulfur 
dioxide produced from the sulfuric acid. In any case, Osann’s work 
has never been confirmed, though G. Magnus* made persistent efforts 
to do so. All other known forms of active hydrogen are undoubtedly 
monatomic, including the ordinary nascent hydrogen and Langmuir’s 
modification* which is produced when a metallic filament is heated in 
hydrogen at very low pressures. 

In 1913, however, Sir J. J. Thomson 5 published photographs of the 

1 Loc. cit. 

* J- P rakt - Chem.. $8, 385 (1853). 61, 500 (185+); 69, 1 (1856); 71, 355 (1857); 
Verb. Wfirzburger phyn.-med. Ges , Bd. VI; J. prakt. Chem , 66, 102 (1855); 78, 93 
(1839); 81, 20 (i860), 92, 2io (1864); Pogg Ann., 95, 31J (1855); 95, 311 (185s); 97 . 
327 (1856) ! 98, 181 (1858), 106, 326 (1859). 

*/. prakt. Chtm, 73, u6 (185S). 

* Pogg. Ann., 104, 555 , Par., 98-110 (1858). 

* This Journal, 34,1310 (1912)136, 1708 (1914)1 37, 4i? (1915). 

5 Prat. Roy. Soc. A., 89,1 (1913); “Rays of Positive Electricity,” Longmans, Green 
& Co., 1913- 
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parabolic traces obtained on a sensitized plate upon which the positively 
charged particles present in a high vacuum discharge tube had been al¬ 
lowed to impinga after simultaneous electrostatic and magnetic deflec¬ 
tion. The position and form of the parabolas revealed the presence of 
particles having an atomic weight of 3, presumably triatomic molecules 
of hydrogen. This was later confirmed by Dempster, 1 using the electrical 
method. Duane and Wendt 2 showed, in 1917, that when hydrogen is 
exposed to bombardment of a-particles from radium emanation a contrac¬ 
tion in volume ensues, a fact which had been incidentally observed by 
Usher and which has been recently confirmed by Lind 5 These indica¬ 
tions that hydrogen may exist in the ozone form deserve careful study 
not only because a reactive variety of hydrogen might be of great value 
when applied to hydrogenation and other reducing reactions, but also 
because the existence of such a form is not compatible with the older 
theories of valence. If hydrogen has an indivisible valence of one, no 
triatomic molecule can be formed. The present conceptions of atomic 
structure, on the other hand, do permit such a molecule, as Bohr* has 
recently shown. 

In the present research this form of hydrogen has been prepared in 
several ways, all dependent on gaseous ionization, and has been shown to 
be chemically very active. Although formed in relatively small quanti¬ 
ties hy present methods, it is a much stronger reducing agent than ordinary 
hydrogen, and, as would be expected, it rapidly decomposes into the ordi¬ 
nary variety. 

The Preparation of Pure Hydrogen. 

The hydrogen was prepared in the familiar zinc amalgam-platinum cell 
with 8% hydrochloric acid as the electrolyte This type of cell has been 
found to deliver very pure hydrogen in numerous atomic weight deter¬ 
minations in the laboratories of T. W. Richards. 

In order to prevent contamination of the hydrogen by organic ma¬ 
terials, we avoided the use of stopcock grease throughout. The stoppers 
of the generator and of the purifying towers were surrounded by short 
lengths of wide rubber tubing, which permitted the entire stopper to be 
covered with mercury. This arrangement proved to be sufficiently gas- 
tight. In place of stopcocks, we substituted U- tubes filled with mercury, 
which could be opened by applying suction through a side tube to with¬ 
draw the mercury from the U. 

The hydrogen from the generator passed first through 3 Emmerling 
towers filled with lumps of potassium hydroxide which had been fused with 

1 Phil. Mm„ 31, 43S {1916). 

* Phys. Rev., 10, 116 (1917). 

•This Journal, 41, 545 (1919). 

• Midi. K. Velenskapsakad. Nobelinst., 5, No. 28, 1 (1919). 
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a little potassium permanganate to remove organic matter. This freed 
the gas from the acid spray, chlorine, carbon dioxide, and a large part of 
its water vapor. Air, which had been dissolved in the acid solution, was 
next removed by passing the hydrogen through a hard glass tube filled 
with clean asbestos fibers which had been soaked in chloroplatinic acid 
solution and ignited to impregnate them with platinum black. The 
tube was wound with Niclirome ribbon covered with asbestos and was 
maintained at a red heat by an electric current. The joints between the 
hard glass and the soft glass of the rest of the system were ground to a 
close fit and were surrounded by a jacket of glass filled with mercury. 
This again gave a gas-tight joint without the use of grease. The gas was 
again dried in 3 towers of potassium hydroxide lumps and passed finally 
through a U-tube about 45 cm. in length and filled with phosphorus 
pentoxide, which removed the remaining water vapor. 

The hydrogen, after this treatment, could have been contaminated 
only with nitrogen and the rare gases which might have been dissolved in 
the acid of the generator. To remove even these as far as possible, wc 
exhausted the whole system by means of a water aspirator to very close 
to the vapor pressure of the acid solution. Hydrogen was then generated 
until the pressure reached atmospheric value. After 3 repetitions of this 
exhaustion, the entire system was swept out by its own hydrogen for 40 
hours before the commencement of the actual experiment. 

As a further precaution against some unknown impurity in this hydro¬ 
gen, we made a few experiments with hydrogen derived from the electrolysis 
of a weak solution of potassium hydroxide containing a little barium 
hydroxide to remove carbonate. The solution was in a cylindrical vessel 
and a wide ring of heavy platinum wire formed the anode. Within this 
hung a smaller glass cylinder tapering at the top and sealed to a glass 
tube which, in turn, was scaled to the U-tube in place of the previous 
generator. A strip of platinum gauze sealetl into the inner cylinder 
formed the cathode. The cylinder extended 25 cm. below the level of 
the cathode and anode in order to prevent contamination by the oxygen 
liberated at the anode. This hydrogen was purified exactly as in the 
first case, except that the system could not be exhausted. 

The effects observed were obtained with both varieties of hydrogen 
and equally well with compressed electrolytic hydrogen purchased in 
tanks and purified in the above purifying system. Most of the later 
work was done with such hydrogen. The impurities present, with the 
exception of oxygen, seem to have little effect on the preparation of an 
active gas. In several experiments the hydrogen was passed through 
a long coil immersed in liquid air with no change in the observed re¬ 
sults. 
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Activation by Alpha Rays. 

One of us, using moderate quantities of radium emanation, presented 
for the purpose by l)r. William Duane, of the Harvard University Cancer 
Commission, has shown 1 that when a ravs from radium emanation are 
allowed to ionize pure hj-diogen gas, an active form of hydrogen results, 
which is able to reduce sulfur to hydrogen sulfide, the latter being de¬ 
tected by its blackening lead acetate paper Similarly, phosphorus 
was reduced to phosphine, arsenic to arsine, permanganate to manganese 
dioxide in neutral solution, and to a manganous salt m acid solution. 
The chemical activity is not due to ions, since an electrostatic field does 
not remove it. Liquid air, howe\ er, condenses 
or removes the active form. The test papers 
in Fig. i show typical results, the first and 
third being normal results, while the second 
was obtained by interposing a coil immersed 
in liquid air between the exposure of the hy¬ 
drogen to a rays and its reaction with the sul 
fur. The active form of hydrogen thus ob 
tained is unstable, since little or no test for it is obtained if more than a 
minute is allowed to elapse between its activation and its reaction. 

Two questions of fundamental interest remain unanswered by this work— 
the molecular formula of the active gas and the mechanism of its forma¬ 
tion. Is it formed bv direct bombardment, that is, by the energetic 
projection of one molecule or atom into another molecule by the a-rays, 
or is the activity due to the molecular fragments themselves, or, finally 
is the active molecule pok atomic and a secondary result of the ionization 
of the hydrogen? The subsequent work all points to the third of these 
possibilities. 

Activation by the Electrical Discharge in Vacuum. 

Assuming that the active variety is an ozone form, the high potential 
electric discharge in vacuum seemed to offei a feasible method of activa¬ 
tion, inasmuch as ozone is readily formed in such a discharge, and R. J. 
Strutt has recently shown 2 that nitrogen also is activated on passing 
through it. Activation by this method would indicate, of course, that 
no direct bombardment is needed, and that the activity is due either to 
molecular fragments, to ions, or to secondary products of ionization. 

The apparatus wc used is shown diagraimnatically in Fig. 2. F is 
the discharge tube, made of Pyrex glass, about 10 cm. in length and 2 
cm. in diameter, with ring electrodes of aluminum, platinum, or tungsten. 
These latter were attached either to the secondary terminals of a large 
induction coil or to the terminals of a 2,200 volt alternating current trans- 
1 Pkys. Ft*., ro, 116 (1917). 

* J. Chm. Soc., rt3, 200 (191S). 
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former, operated on a 220-volt lighting circuit. Tbe hydrogen entered 
from the purifying system through the stopcock A and the long, capillary 
tube B. By this means the speed of the hydrogen stream could be deli¬ 
cately regulated to maintain any desired pressure in the discharge tube. 
The entire system beyond this point was under reduced pressure produced 
by a rotary oil pump. The pressure was varied between 2 and 8 cm. in 

the various experiments. 
After passing through the 
1| discharge in a continuous 
''“l ) stream the hydrogen passed 
s! through a glass coil at G, 
1 1 ' through a plug of glass 
f 1 wool in H, then over 
coarsely ground, crystal¬ 
lized sulfur, I, held in place 
by loosely packed glass 
wool, and finally through 
the tube J, in which was 
suspended a small strip of 
filter paper, the lower end 
of which was dipped in xo% lead acetate solution. The hydrogen was 
not allowed to pass directly through the solution because of the splashing 
caused by the rapid stream, but the paper needed to be constantly moist¬ 
ened because the hydrogen had been so thoroughly dried. The gas then 
passed on through the pump. 

Hydrogen was first passed through tins apparatus for one hour with¬ 
out the application of the discharge. No blackening of the test paper 
resulted. Many similar blank runs were made in the course of the work, 
but in no case was there any indication of sulfide formation when the dis¬ 
charge was not passing. As soon as the dis¬ 
charge was applied, however, sulfide was 
formed. In many experiments as much sul¬ 
fide was formed in one minute as had been 
produced in a run of 8 hours with the a-ray 
tube. The papers shown in Fig. 3 were 
typical tests obtained within 3 minutes. 

Longer runs gave heavy brown precipitates 
in the lead acetate solution. A blank run was usually made between 3 
positive experiments. There is no doubt whatever that the discharge is 
responsible for the action on the sulfur. 

In order to exclude the possibility that the action on the sulfur had 
been due to a slight wanning of the latter by the heat of the discharge, 
either by conduction along the walls or by the hot hydrogen, the coil atG, 




Fig. 2. 
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was immersed successively in boiling water, an ice-water mixture, calcium 
chloride-ice mixture (about —20 °) and liquid air. There was no apparent 
difference in the amount <>f sulfur recorded in any case except the last. 
As in the experiments with the a-ray tube, liquid air seems to condense 
out the active gas and there is no action on the sulfur That the effect 
is not due to a condensible impurity was shovtn by interposing a long coil 
cooled with liquid air at F, before the hydrogen entered the discharge tube, 
an expedient winch had no effect on the results obtained. The actual 
quantity of active gas was always so small, however, that no evidence 
of its collection in the cooled coil has yet been obtained. 

It is not certain that positively or negatively charged molecules or atoms 
of hydrogen would attack the sulfur, but it was important to show that 
these were not present. This was first done by interposing between the 
discharge tube and the sulfur a glass tube one cm in diameter which had 
been silvered longitudinally in 2 quarter cylinders. These were connected 
to the 2 terminals of an 8oo-volt battery of small dry cells, and should 
thus have removed the ions completely This tube had no effect on 
the activity of the hydrogen. The hydrogen went through the tube 
rapidly, however, and it was possible that ions were still passing. In. 
order to obtain positive 
evidence, therefore, a very 
sensitive electroscope, such 
as is used for the determina¬ 
tion of small quantities of . 
radium emanation, was in¬ 
terposed at that point, rep¬ 
resented by F in Fig 4. 

To test its sensitiveness a 
glass tube containing 2 mg. 
of radium bromide was 
placed at C and shielded 
from the rest of the system , 
by the lead blocks D The 
“natural leak” of the elec¬ 
troscope was 75 minutes per scale division. With the radium in place and 
the hydrogen passing, but with no discharge, the leaf G fell through one 
division in 19 minutes The radium was then removed, the hydrogen was 
passed at the same rate and pressure as before, but with the discharge pass¬ 
ing. The leaf fell through a division in 75 minutes—a leak identical with 
the natural leak of the instrument, indicating that no ions were passing 
through. The discharge thus seems to remove all the ions it produces. 
Indeed, the rate of fall was no greater when the radium was left in place 
and the discharge passed. The discharge removed the ions produced by 
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the radium. This is hardly surprising, however, since these form only 
a minute fraction of the ions present in the discharge itself. These ex¬ 
periments are conclusive evidence that the activity of the hydrogen is 
not due to ions, for good sulfide tests were obtained in every case. 

The number of ions produced in air by the 0-rays from one g. of radium 
is 9 X io" and by the y-rays is at most 13 X io 14 , the sum being 2.2 X 
io 16 . Only 2 mg. was used, which thus could give 4.4 X io' s . Since, 
however, the rays passed through not more than one mm. of hydrogen, 
1% of this would far exceed the number of ions actually produced. This 
is 4.4 X io 10 . If every ion produced a molecule of hydrogen sulfide 
there should have been 4 4 X io 10 molecules of hydrogen sulfide formed 
per second, or 8 X io u in a run of 3 minutes. Since there are to 53 mole¬ 
cules in a cubic centimeter, this is less than io -10 and less than io~ u g., an 
undetectable quantity. Hence, even had the number of ions detectable 
by the electroscope been present, they would have been entirely inad¬ 
equate to give the observed quantity of hydrogen sulfide 

It was important to determine this quantity. A solution of sodium 
sulfide containing the equivalent of o 0386 g. of hydrogen sulfide per liter 
was prepared, and various amounts of it were placed in a small round- 
bottomed flask inserted in the system in place of the sulfur tube. Dil. 
hydrochloric acid was added through a dropping funnel while the stream 
of hydrogen was passing as usual. The solution was boiled to expel all 
the hydrogen sulfide formed. It was found that one ec. of the sulfide 
solution was sufficient to give a typical test with the acetate paper. 
Similar tests were obtained in the actual experiments when hydrogen 
passed for 3 minutes at the rate of 133 cc. per minute. Hence, 400 cc., 
1 c., o 035 g., of hydrogen contained o 0000386 g. of hydrogen sulfide 
or o 0000022 g. of combined hydrogen. If we assume the active form 
to be utilized completely in sulfide formation, as for instance by the re¬ 
action 2H4 + 3S = 3H2S, the minimum percentage is o 0000022/0.035 
or 0.006%. Though this determination is not exact, it is evident that 
the percentage is of the order of o 01%. 

This percentage is confirmed by experiments on the reaction of active 
hydrogen with nitrogen at atmospheric pressure, which will be described 
in the next section of this paper. 

Activation by the Corona. 

Since the activation of hydrogen by a-radiation shows that the active 
form of this gas is fairly stable at pressures as high as atmospheric, and 
since the activation by the electric discharge shows that ionization by 
an electron stream is sufficient to cause the activation, it should be possi¬ 
ble to produce the active gas by passing it through a corona tube or through 
an ordinary ozonizer, This proved to be the case. 
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Fig. 5 shows diagrammatically the apparatus used. This was de¬ 
vised by Mr. A. C. Grubb, in this laboratory, and was used by him in 
the activation of nitrogen, as will be described in a paper soon to be pub¬ 
lished. We are indebted to Mr. Grubb for much of the work on hydrogen 
at atmospheric pressure. A platinum wire, 0.625 mm. in diameter, was 
mounted in the axis of the inner tube of an ordinary glass condenser by 
passing its ends through holes drilled through glass plates and supported 
by cement. The condenser tube was made of Pyrex glass in order to 
prevent the electrical 

puncturing to which soft_ t ___ 

glass is subject. The j 

condenser jacket was r ' ' ■ 

filled with a dilute solu- ' - 

tion of sulfuric acid 1 1 . 

which was kept circulat- ! 

ing in order to prevent 
heating. The acid served 
as the earthed terminal of the secondary circuit of a high voltage trans¬ 
former. 'Hie latter was constructed by the Thordarson Electric Mfg. Co., 
of Chicago, and furnished 20,000 volts from a primary current of no 
volts, alternating at 60 cycles per second. The primary current was 
varied from one to 11 amperes by means of a water resistance. The 
corona produced by this apparatus was even and continuous. The 
hydrogen passed through it and thence over sulfur and a lead acetate 
paper as before. 

Hydrogen sulfide was produced. The quantities recorded were, how¬ 
ever, smaller than in the case of the vacuum discharge. This may well 
have been due to the slow rate of passage of the hydrogen in the experi¬ 
ments at atmospheric pressure. The active gas is undoubtedly unstable 
and reverts to the diatomic modification with such rapidity that not more 
than a minute must elapse between activation and contact with the sulfur. 
At reduced pressures, when the hydrogen is being rapidly pumped through 
the system, the time interval is so small that a large portion of the hydro¬ 
gen is able to react with the sulfur. The effect at atmospheric pressure 
is only about '/ t as great, due largely to the greater time interval. That 
this interpretation is correct is shown by testing the effect of varying the 
velocity of the hydrogen stream. 

This is particularly evident in quantitative experiments on the reaction 
of the active hydrogen with pure nitrogen to form ammonia. Evidence 
of the formation of ammonia has previously been obtained when a 
mixture of the component gases was passed through a corona. When 
pure hydrogen is activated by this method, however, and is then mixed 
With nitrogen, there is ready formation of amm onia. Nitroven was 



Fig. 5 - 
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prepared by the usual method of decomposition of ammonium nitrite 
formed from sodium nitrite and ammonium chloride. It was puri¬ 
fied by passage through a long tube of pure reduced copper kept at low 
red heat and dried by passage o%’er lumps of previously fused 
potassium hydroxide and a tube of phosphorus pentoxide 
powder. The chemically prepared nitrogen was later replaced 
by compressed atmospheric nitrogen obtained from the frac¬ 
tional distillation of liquid air, with no change in the results 
obtained The nitrogen was passed at a constant rate of about 
5 liters per hour. The hydrogen from the corona tube was 
mixed with it and the mixed gases were immediately passed 
through a small absorption apparatus designed especially for 
the maximum absorption of a small constituent in a minimum 
quantity of reagent This absorption tube is shown in Fig. 6 . 
It contained about 5 cc. of dil hydrochloric acid solution, which was later 
rinsed into a Nessler tube and the quantity of ammonia was determined 
by the usual method of comparison of the color produced in Nessler’s 
reagent with that produced by standard quantities of ammonium chloride 
solution. 

The gases were passed through for io minutes with the corona passing 
through the hydrogen The effect of varying the velocity of the hydrogen 
stream is shown in the following table, 


>1 (') 
1 C' f 


l!% 

1 

1 * 

*0 

Fig. 6. 


Velocity of Hi 
liters per hour 

O 

3 6 

6 o 

7 6 


Cc of standard 
NH4CI solution 

O 

o 85 

8 O 

5 O 


% hydrogen 
combined 

O 

o 0034 
o 0192 
o 0095 


The standard ammonium chloride solution contained o 00001 g of 
nitrogen. The percentages are calculated on the assumption that the 
reaction is N* + 2Hi = zNH», which may of course, not be accurate. 
The percentage activation is of the same order as was observed for the 
reaction with sulfur in the vacuum experiments The brief “life” of the 
active form is shown by the marked increase at higher velocities. In 
the experiment at zero velocity the corona was passed for 10 minutes 
through static hydrogen and this was then rapidly swept out and mixed 
with nitrogen Decomposition was complete before the nitrogen could 
react. The highest velocity used was more than the optimum. Since 
the volume of the corona tube was 80 cc. and this velocity is 8 liters per 
hour, it seems that the equilibrium concentration of the active gas is not 
leached in this corona tube in less than one minute. The amount of 
activation in the corona is of the same order of magnitude as in the vacuum 
dischar ge, and at the optimum velocity is somewhat higher. Another 
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point worthy of note is that little and perhaps no water vapor is needed 
for the ammonia reaction, as both gases were well, though not perfectly, 
dried before use. Less thorough drying did not affect the results. 

Activation by Schumann Light. 

Although hydrogen is extremely transparent to light even in the ex¬ 
treme ultra-violet, Lyman 1 has found some evidence that at wave lengths 
of 1300 A and 1600 A there is absorption, which may. however, be due to 
impurities. If hydrogen does absorb in this region, the ionization pro¬ 
duced should give rise to the active variety of hydrogen. Conversely, 
the formation of active hydrogen by Schumann light would be definite 
evidence that one or both of the absorption bands observed by Lyman 
are due to hydrogen itself, and not to impurities. All attempts to acti¬ 
vate hydrogen by this means, however, were unsuccessful. 

The source ot the light was the hydrogen spectrum produced at a gas 
pressure of about 7 cm. in a tube of fused quartz by an electrical dis¬ 
charge from a 2 200-volt alternating current transformer. The tube was 
provided at one end with a thin window of clear transparent fluorite. Some 
specimens of this material are transparent to waves as short as X 1230 A. 
The window appeared perfectly clear and colorless, but its absorption 
was not measured. The entire tube was immersed in cold water to pre¬ 
vent heating, which accentuates the visible line spectrum of hydrogen at 
the expense of the shorter wave lengths. The spectrum tube was not 
sealed off, but was kept connected to the hydrogen supply and to a vacuum 
pump, so that the pressure could be maintained constant and independent 
of the heating effect of the current. 

A glass tube 3 mm. in diameter was attached by means of a ground 
joint to the end of the spectrum tube holding the window in such a man¬ 
ner that its axis and that of the spectrum tube formed one straight line. 
Hydrogen at atmospheric pressure passed through this tube for a distance 
of 10 cm. and then, after passing a right angle bend, encountered the 
sulfur as in all other experiments. Continuous runs extending over 8 
hours showed no trace of sulfide formation. This indicates that the 
fluorite was not sufficiently transparent or that the hydrogen does not ab¬ 
sorb the Schumann light or that being absorbed, no active hydrogen is 
formed. If the last is true it is important evidence on the mechanism 
of the formation of the active molecule. Further work is in progress 
to evaluate these possibilities. 

The Molecular Formula. 

Iorus.—While there is no reason at present for supposing that gaseous 
ions may not have some chemical activity and that the reactions o bser ved 
may, therefore, be due to a reaction of the charged atoms or molecules, the 
> "Spectroscopy of the Extreme Ultra-violet," Longmans, Gretn 8c Co^ 1914, p. 70. 
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experimental evidence is conclusive that no ions are present in the reacting 
gas. A heavy plug of glass wool, which is ordinarily very effective in 
removing ions, does not reduce the chemical action. Neither does passage 
of the gas through an electrostatic field of several hundred volts per centi¬ 
meter. Finally, the absence of an\ effect on a sensitive gold leaf electro¬ 
scope by tlic strongly reducing gas eliminates all possibility of ionic action. 

Atomic Hydrogen.—If, then, the acti\e form of hydrogen is an un¬ 
charged molecule, ft must be either monatomic or polyatomic All its 
properties point to the latter It is veil known that nascent hydrogen, 
which is probably monatomic, exists only momentarily, while this gas 
persists for minutes. The ability to pass without sensible weakening 
through a plug of glass wool is hardly to be expected of atomic h) drogen. 
The fact that several easily rtdiicihk organic dyes are not affected by 
this gas also argues against a monatomic formula Finally, Langmuir’s 
active modification is almost certainh monatomic, and is quite distinct 
from the present gas in many of its properties 

Langmuir's active hydrogen' is produced when the diatomic molecule 
is dissociated into atoms by con tar t with a metallic filament heated alxive 
1300° K or by evaporation of the atoms dissolved in the metal when that 
temperature is reached From calculations of the heat loss of the wires 
Langmuir calculates the degree of dissociation of hydrogen into atoms 
as o 0033 at 2ooo° K and o 34 at a temperature of 3500 0 K This hydro¬ 
gen is very reactive, and is destroyed at room temperatures bv oxygen 
or by phosphorus vapor. It reduces rapidly the lasers of tungsten 
and of platinum oxides which occur within electric lighting bulbs It 
persists for hours when the pressure is below o 0.' mm of mercury, but 
recombines with gTeat speed 111 the presence of excess hydrogen. It is 
not detectable at higher pressure Perhaps the most marked character¬ 
istic of this form is its strong adsorption by glass surfaces, especially by 
glass wool Freeman 2 has shown that while it will diffuse’ through side- 
tubes sealed on the filament bulb, it cannot be found 111 the side tube 
if a plug of glass wool is placed at the joint. Ilence, the relative stability 
at atmospheric pressure and the ready passage through glass wool dis¬ 
tinguish the new form from this one 
Contraction in Volume,—Positive evidence for a polyatomic molecule 
is furnished by the contraction in volume now observ ed by many experi¬ 
menters when hvdrogen is ionized. In the work with a-rays it was shown 
that a contraction of 3 mm in 760 was obtained when pure hydrogen was 
bombarded by a-rays. In a bulb of 5 cc this meant a contraction of 
0.02 cc., a quantity far larger than the volume of niton used. This ex- 
1 Trans Am Etecirochem 60c, 30, 225 (1911!, This Journal, 34, 860 1 1913); 
Mi 1310 (1912),36,1706 (1914),37»4i7 (1915). 
s This Journal, 33,927 (1913) 
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eluded the supposition that the a-rays had driven hydrogen into the walls 
of the bulb, for it would have been necessary for each a-particle thus to 
drive many thousands of hydrogen atoms. There remained the possi¬ 
bility that the active hydrogen was reacting with the mercury in the manom¬ 
eter tube, though this was a */* mm. 
capillary about 15 cm. long (X, Fig, 7). 

This improbable hypothesis was excluded 
by the fact that the original volume of 
hydrogen was reformed when the niton was 
withdrawn from the a-ray bulb K, into 
the bulb N, and reformed at a rate which 
corresponded with the decay of the power¬ 
ful a-radiator, radium C, which had, of 
course, been deposited in the bulb K, by 
the niton. Lind 1 has recently confirmed 
this decrease of pressure in hydrogen under 
the action of a-rays as well as the attack 
of the active hydrogen on the mercury to 



Fig- 7. 


form a hydride which is readily decomposed on heating. In his work, 
however, much mercury was exposed to a mixture of hydrogen with niton, 
and chemical action on the mercury alone may account for the contrac¬ 
tion. 

Usher 2 attempted to synthesize ammonia by exposing a mixture of 
nitrogen and hydrogen to the action of a-ravs from niton mixed with the 
2 gases. Using, in one experiment, 1.602 ec., he observed a contraction 
of 0.24 cc., but only 0.006 cc. of ammonia had been formed. Analysis 
showed that the nitrogen was still present intact, but that nearly a quarter 
of a cubic centimeter of hydrogen had "ceased to exert any pressure.” 
Since it could not have been projected through the heavy glass walls, he 
pulverized and healed the latter, but regained thus only 0.06 cc. He 
left the problem in this stage with the remark that it "is probably much 
more complicated than it at first sight appears." It is now' evident that 
the observed contraction was due to the formation either of larger mole¬ 
cules of hydrogen or of mercury hydride. 

We have repeated Usher’s work with the modification that the niton 
was contained in a small a-ray bulb within the reaction bulb, and that 
mercury was removed so far as possible by exposing only a very small 
surface of it in a very fine capillary about 15 cm. distant from the mass of 
hydrogen and removed from the direct action of a-rays, as shown in Fig 7. 
Forty cc. suffered a contraction of 0.2 cc., but less than 0.013 cc. of am¬ 
monia was found. It is noteworthy that though the possibility of reac- 
1 This Journal, 41, 54s (1919k 
' J. Chtm. Soc., 97, 400 (1909). 
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tion with mercury was reduced to a very small fraction of Usher’s value, 
the order of contraction is about the same, indicating a real contraction 
of the hydrogen. 

Collie and Patterson 1 have obtained a similar effect in sparking hydro¬ 
gen under reduced pressure. In one experiment 3.6 cc. out of 4.6 cc. 
“apparently disappeared" when sparked for 6 hours in a tube with copper 
or alu minum electrodes at less than one mm. pressure. Here a reaction 
of the hydrogen with the electrodes is not excluded, although the general 
tendency under sneh conditions is for the electrodes to lose any gases they 
contain. Volume measurements were made by withdrawing the hydro¬ 
gen from the tube. 

Chattock and Tyndall 1 have also noted a definite contraction when 
pure hydrogen is sparked between a fine platinum point and a metallic 
plate, the contraction corresponding to about one molecule per ion. This 
they interpreted to mean that the ion or single electrified atom of hydro¬ 
gen is absorbed by the metallic electrode on which it is discharged. This 
interpretation is by no means certain in view of the present work. The 
quantitative relation between the ionization and the contraction is in 
striking accord with the simple relation stated by Lind* for the chemical 
action of a- rays. In a large number of such reactions the ratio of the 
number of ions produced and the number of molecules reacting is very 
dose to unity. If such a reaction as 3 Hj = 2H3 is responsible for Chat¬ 
tock and Tyndall’s observation, the fact that a single ion produces such 
a reaction is of vital importance in determining the mechanism of the re¬ 
action, as will be discussed later. 

The volume change in the electrical discharge tube is being further 
studied in this laboratory, to confirm the work of Collie and Patterson 
and of Chattock and Tyndall. The heat of the discharge causes so great 
and so irregular an expansion that no results can yet be announced. 

Positive Ray Analysis.—Definite evidence of the existence of rdatively 
large quantities of triatomic molecules is furnished, however, by the 
method of the positive ray analysis. By this method both Sir J. J. Thom¬ 
son 4 and A. J. Dempster 6 have shown that Hi exists in the vacuum dis¬ 
charge. According to Dempster higher pressures favor the formation of 
Hj at the expense of H» and H, as would be expected, and in some cases 
H* is actually the major constituent. While positive ray analysis is re¬ 
mote from ordinary chemical technique, it is an admirable method of 
molecular weight determination. Aston’s failure to separate neon into 

* Ptoc. Cham. Soc., 29, 22, 217 (1913). 

* Phil. Maf., 16, 24 (1908). 

* J. Phys, Chem., 16, 364 (1912); Lt Radium, 8,289. (1911). 

* Ptoc. Roy Soc., 89A, 1 (1913); “Ray* of Poaitivt Electricity," Longmans, Green 
ft Co., 1913. 

, * Phil. Mag., 31,438 (19x8). 
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2 constituents by diffusion, 1 following Thomson’s discovery erf 2 neon 
lines on the positive ray photograph has cast some doubt on this method, 
which is now removed by W. D. Harkins 4 separation of chlorine into two 
isotopes by diffusion simultaneously with Aston’s report of 2 chlorine 
lines in the positive ray “spectrum.”* 

Chemical Properties.—Finally, the properties of the new gas are 
precisely those to be expected of an ozone form. It is much more re¬ 
active than ordinary hydrogen, yet not as active as nascent hydrogen. 
Its boiling point is much higher than that of ordinary hydrogen. And it 
is unstable, for it cannot be detected if more than about a minute is al¬ 
lowed to elapse between the time of its formation and its reaction with 
a reducible substance 

All the evidence obtained, then points to the formation of triatomic 
hydrogen, perhaps pioperly called “liyzone,” whenever hydrogen is 
ionized. 

The Structure of the Molecule. 

The chief theoretical interest of this work lies in the fact that no hydro¬ 
gen molecule larger than H* is possible on the older conception of valence. 
Heretofore there lias been no evidence that demanded more than a unit 
valence for hydrogen, and our valence system is based on this unit valence. 
Yet no triatomic ring can be constructed from unit valence bonds. In¬ 
creasing the valence of hydrogen to 2 is not possible because this valence 
is so uniformly connected with one Faraday's equivalent. Nor does the 
centering of 3 unit valence bonds from 3 hydrogen atoms on a central 
point solve the question, since such an indefinite subdivision of valence 
is still a subdivision and is not to be countenanced if valence is a matter 
of unit quantities. 

Of the numerous electronic valence hypotheses which have recently 
come to the assistance of the theory of valence, only one, that of J. Stark, 4 
can picture the triatomic molecule of hydrogen. According to this a 
valence bond consists of an electron held in position, between the two 
atoms which it binds, by numerous lines of force extending to the two 
atoms, and an ordinary single bond really has two such electrons, one 
arising from each atom A triatomic ring of monovalent atoms thus re¬ 
quires simply the alternation of atom with electron in a 6 tnembered 
ring. The picture is not convicing, both on physical and on chemical 
considerations. 

There remain the modem fundamental reconstructions of our concep¬ 
tions of atomic structure, in particular the Rutherford atom on the basis 

1 Private communication, May 5, 1919. 

* Sctence, 51, 389 (Mar. 19, 1920}. 

* Nature, 104, 393 (1919). 

* Jahr. RmUoakt. EUktremk., 9, 13 (1912). 



944 GERALD L. WENDT AND ROBERT S. LANDAUER. 

of which both Bohr 1 and Crehore 5 have predicted the possibility of the 
existence of a fairly stable triatomic molecule of hydrogen. Recently 
Bohr® has discussed the structure of this molecule, which he gives as a 
system of 3 electrons rotating at equal angular intervals in a circular 
orbit, the 3 nuclei being placed, respectively, at the center of the orbit 
and at 2 points on the axis equidistant from the center. Such a struc¬ 
ture is consistent with all that is known on atomic structure and on valence. 

Triatomic hydrogen furnishes definite chemical evidence, if not of this 
structure, then at least of the need for considering valence on the basis 
of the new knowledge of subatomic phenomena. If it is not a confirma¬ 
tion of present atomic structures, it does demonstrate the inadequacy 
of past analysis and nomenclature. 

The Mechanism of Formation. 

Lind 4 accounted for the fomation of ozone from oxygen by the decom¬ 
position of cluster ions. He found that each ion produced by a-rays 
causes the formation of one molecule of ozone. Chattock and Tyndall 
made a similar observation for hydrogen in the electric spark. Lind found, 
indeed, that practically all the known gaseous reactions caused by o-rays 
follow this law closely. It is difficult to picture the mechanism by which 
a single ion causes a complex reaction such as .3H* = 2IL. Lind supposes 
that a large “cluster ion” is at once formed by the adhesion of neutral 
molecules to the original ion and that this breaks down when the charge 
is neutralized into diatomic molecules and one triatomic molecule, presup¬ 
posing thus a general loosening of the valence bonds in the cluster ion. 

While this explanation accounts for the observed facts, recent evidence 
seems to prove that cluster ions do not exist. The cluster ion hypothesis 
was devised originally to account for the extremely low mobility of gaseous 
ions in traveling through gases. This mobility is now accounted for, 
however, by the retardation of the ion in its path through the gas by 
virtue of its attraction for other molecules and the increased number of 
collisions it therefore suffers without actually attaching itself to the mole¬ 
cules. The work of Loeb 1 and of Wellisch® shows that if cluster ions exist 
they do not break up even when traveling under electrical potentials 
that merge into the potentials necessary for ionization by collision. It is 
impossible to attribute to them a greater stability than that of ordinary 
neutral molecules, however, and it thus seems clear that gaseous ions re¬ 
main very small. 

'Phil. Mag, »6, 857 (1913). 

* Ibid., 30, 613 (1915). 

1 Medd. K. Vetenskapsakad. Nobelinsl., 5, No. 28, 1 (1919). 

4 Am . Ckem . J ., 47, 397 (1912). 

* Pkys. Ret . 8,633 (1916); J. Franklin Inti ., 184, 773 (1917). 

* Am. J. Sd„ 39, 583 (1915). 
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Hence, the explanation of the reaction is to be based rather on the 
calculations of Bohr, 1 who showed that the usual molecule of hydrogen, 
consisting of 2 nuclei with 2 electrons rotating in an orbit perpendicular 
to the line joining the nuclei and equidistant from them, must break up 
when one of these electrons is removed by any cause. Thus the ioniza¬ 
tion of hydrogen by any agent inevitably forms 2 free atoms of hydrogen 
as an intrinsic part of the process of ionization. Since neutral molecules 
are present in great excess over the free atoms, these latter at once attach 
themselves to the molecules and form molecules of H : , with a structure as 
described in the previous section. This very simple picture accounts 
for the seemingly complex reaction 3H 2 = 2H3, and is in accord with the 
generalization of Lind. Since the same relation holds experimentally for 
oxygen as for hydrogen, it follows that the 0 2 molecule is similarly un¬ 
stable and dissociates into atoms whenever it is ionized, with the conse¬ 
quent formation of ozone. 

This interpretation is ventured as a rational deduction from the Ruther¬ 
ford theory of the atom, and is by no means free from criticism. It will 
bear much study, and in particular data are needed for the examination 
of other reactions on this basis. Fuller consideration of the subject must 
be delayed until a later time. 

Summary. 

1. A reactive modification of hydrogen has been produced by several 
methods, all dependent on gaseous ionization—-by the a-ravs from radium 
emanation, by the electrical discharge under reduced pressure, and by 
the high potential corona at atmospheric pressure. Attempts to pro¬ 
duce activation by Schumann light rays failed. 

2. This active hydrogen reduces sulfur, arsenic, phosphorus, mercury, 
nitrogen, and both acid and neutral permaganate. It is condensed or 
destroyed by liquid air temperatures. It is unstable and reverts to the 
ordinary form in about a minute. It passes readily through glass wool. 
It is not less stable at atmospheric pressure than at low pressures. 

3. The activity is not due to gaseous ions, and the properties of the 
active gas are quite different from those of Langmuir’s atomic hydrogen. 
The formation of a polyatomic molecule is indicated by the contraction of 
tlie hydrogen when ionized. Positive ray analysis at very low pressures 
shows a large proportion of triatomie molecules which are undoubtedly 
the ones responsible for the chemical activity. All the properties of the 
gas point to its being an ozone form, perhaps properly called “hyzone.” 

4. The existence of Hj is applied to the explanation of several previously 
observed phenomena. The calculations of Bohr on the basis of Ruther¬ 
ford's atom furnish the only valence hypothesis which satisfactorily ac¬ 
counts for its existence. 

1 Phil. Mat-, 837 (1913). 
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5. The mechanism of the formation of triatomic molecules is consid 
ered on the basis of the Bohr atom. Stable molecules of hydrogen are 
perhaps dissociated into free atoms when an electron is removed in the 
process of ionization, and these atoms attach themselves to neighboring 
neutral molecules to form triatomic systems. 

6. We desire cordially to acknowledge our gratitude fot much assistance 
in this work: to the Director of the Ryerson Physical Laboratory of the 
University of Chicago for the use of indispensable alternating current 
and the privileges of that laboratory; to the Research Grant of the Amer¬ 
ican Association for the Advancement of Science for the funds for the con¬ 
struction of the quartz spectrum tube for the Schumann ray investiga¬ 
tion; to Professor Stuart Weller, of the University of Chicago, for the 
gift of an excellent crystal of clear transparent fluorite for the Schumann 
ray investigation, and to Mr. A. C. Grubb for much of the work on the 
corona discharge. 
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THE ADSORPTION OF SULFUR DIOXIDE BY THE GEL OF 
SILICIC ACID. 

By John McGavacx, Jr , and W A Patrick 
Received March 5, 1920 

Introduction. 

Many investigations of the adsorption of vapors by porous bodies 
have been made without a satisfactory explanation of the phenomenon 
being found. The fact that the adsorbing material is not chemically 
definite but has adsorbent properties dependent upon its method of prepara 
tion is not the least of the reasons for apparent lack of agreement both in 
experimental results and theoretical conclusions. Again, the possibility, 
and in many cases, the great probability of chemical reaction occurring 
during the process bring in another factor which is hard to control. 

In the investigations carried on in this laboratory during the war it 
was found necessary to test many types of adsorbents, both as to their 
specific action against poisonous war gases as well as to their suscepti¬ 
bility towards other vapors and gases. It was realized in the beginning 
that porous bodies—-mere mechanical condensers so to speak—were 
going to play an important part. Charcoal was brought into use and 
its protective ability greatly increased by improved methods of prepara¬ 
tion. Tins laboratory focused a good part of its attention upon colloidal 
substances and gels. The gel of silicic acid, having been previously 
shown to possess adsorptive properties, received first attention. The 
main difficulty was its large scale preparation Up to this time the method 
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of dialysis, a long and tedious process had been used. This difficulty 
was overcome and a quick and simple method, of which more will be said 
later, was developed. A product of high adsorptive power resulted. 

This gel is a hard, translucent, porous solid, chemically inert and with 
proper precautions can be reproduced with definite exactness. Hence 
it is an ideal substance by which the 2 objectionable features mentioned 
above might be eliminated. It is true that it always contains a certain 
amount of water, either combined or adsorbed, but this factor may be 
kept constant and thus will not interfere with the more important in¬ 
vestigation. 

Thomas Graham 1 gives the first account of the preparation of silicic 
acid gel and the fact that it possesses a power of adsorption has been 
known since that time. Nevertheless, it was not until 25 years later, 
when van Bemmelen 1 commenced his lengthy and important experiments, 
that this property was investigated more thoroughly This author made 
an exhaustive study of the hydration and dehydration of the gel in all 
cases, showing that these two curves did not follow the same path. This 
hysteresis will be taken up further on in the paper. 

Zsigmondy* became interested in this substance and has published 
several articles on its structure, data for which were obtained chiefly 
from ultramicroscopic investigations. 

Anderson, 4 working in Zsigmondy’s laboratory, studied the systems, 
gel-water, gel-alcohol, gel-benzene. That is, he determined the equi¬ 
librium weight of each substance adsorbed per gram of gel at points corre¬ 
sponding to different pressures of the material adsorbed. Like that of 
van Bemmelen, the curve obtained by emptying the pores did not coin¬ 
cide with that observed when they were being filled, although the differ¬ 
ence between the 2 paths was by no means as great as in the earlier work. 
It may also be mentioned that while van Bemmelen worked entirely under 
normal atmospheric pressure Anderson, on the other hand, did his work 
under a vacuum produced by the means of a high grade oil pump. 

Patrick* w'as the first investigator of gas adsorption by this substance. 
He measured the amount of carbon dioxide, sulfur dioxide and ammonia 
adsorbed by this gel at different pressures for a number of different tem¬ 
peratures. He did not attempt to study the reverse adsorption path, 
nor did he use samples of the material containing different water content. 

’ T. Graham, Phil Trans., 151, 183-224 (1861); also Ann., 121, 1-77 (186a); 
Free. Roy. Soc , 1864. 

*J. M. van Bemmelen, Z. anor£. Chsm., 13, 233-356 (1896); "Die Adsorption,” 
p. 196 (19m). 

* Zsigmondy, Z. aworg Chem., 71, 336 (1911) 

4 Anderson, "Inaugural Dissertation,” Gottingen, 1914. 

* W. A. Patrick, "Inaugural Dissertation," Goettingen, 1914. Set also KtU. Z., 
*3-14. 
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The purpose of the present work may now be stated more clearly: 
to investigate the effect of different water content of the gel upon its ad¬ 
sorptive powers; to obtain measurements where temperature control 
and complete exhaustion could be more rigidly maintained than hereto¬ 
fore; and by using an inert body to interpret, if possible, the mechanism 
by which this phenomenon adsorption occurs 

Apparatus. 

The apparatus used in these measurements is shown in Fig. r. In 
general outline it is similar to that used by Ilomfray’ in her work on char¬ 
coal and later by Patrick, in the original in\ estimation of gas adsorption 
by silica gel. The essential parts are the gas container A, the gas buret 
B, the adsorption bulb C and the manometer I) These parts were all 
sealed together and mounted inside oi a constant temperature bath about 
which more will be said later. The gas container was a steel cylinder filled 



IV 


with liquid sulfur dioxide, the outlet of which was controlled by a sensitive 
valve. This was connected to the gas buret by means of drying tubes 
a and a’, containing calcium chloride and phosphorus pentoxide, respec¬ 
tively, and the 3-way mercury stopcock b. In order to fill the buret the 
stopcock b was opened to the adsorption apparatus and the mercury 
bulb c raised until all the air was forced out of the buret. The cock was 
then opened to the gas container and the mercury well c was lowered. 

* Z. phys. Chem., 74, 129 (1910). 
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Opening the cock b to the adsorption part of the mercury was again raised. 
This operation, repeated several times, removed a larger part of the air. 
To remove the last traces of air the bulb was lowered just so the mercury 
stood at the level d in the buret. The cock b was then opened to the gas 
container A and sulfur dioxide was allowed to sweep out the whole system 
for a considerable period of time. The exit tube from b was also swept 
out in a similar manner. 

The gas buret B consisted of a graduated pipet connected by a U-joint 
to another tube, e, of the same bore, which served as an open manometer. 
This buret was recalibrated, mercury being used and the operation being 
carried out in a 30 ° constant temperature bath. As with most gases, all 
gas volumes were measured at this temperature, and if the temperature 
difference was less than io°, no correction for glass expansion was deemed 
necessary. To determine the amount of gas introduced, the mercury in 
the two arms of the buret was leveled, this balance being adjusted by 
means of a very sensitive gear arrangement which enabled the reservoir 
C to be raised or lowered a small fraction of a millimeter, the correct posi¬ 
tion being ascertained by means of the cathetometer telescope. The 
reading of the cathetometer vernier, calibrated directly into 0.01 mm . 
divisions, was then taken. In like manner another reading was made 
after the gas introduction. By reference to the calibration curve these 
readings were transferred into cc. and were then corrected to standard 
conditions, 760 mm. and o°. As the height of one mm. was equivalent 
to o. 19 cc and as duplicate settings of the cathetometer could be made 
within o 03 mm the maximum error in reading gas volumes was o 005 
cc. As the adsorption proved to be considerable the cc. readings are 
given only to the second decimal place. 

The gas buret was connected by a glass tube of small bore to the 3-way 
stopcock g, which in turn led to the expansion bulb h. This part of the 
apparatus had a capacity of approximately 100 cc. and served as a pre¬ 
caution against too hasty introduction of the gas. 

The adsorption container C was connected to the expansion bulb by 
glass tubing and a ground glass joint protected by a mercury seal. The 
volume of this bulb together with that part of the connecting tube above 
the mark was obtained by introducing a known volume of dry air and 
measuring the pressure developed. Measurements with different volumes 
showed dose agreement and a mean of these values was used for calcu¬ 
lation purposes. 

The manometer needs no special mention except that it was found de¬ 
sirable to have its bore identical with the bore at l. In the apparatus first 
used this was not the case and a constant correction for capillary depression 
was necessitated. Pressure readings were also made with the cathetom- 
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eter and hence all such readings are accurate to within 0.03 sum The 
mercury well controlling the manometer was worked by a sensitive ratchet. 

In order to study the curve formed while the pores were being emptied 
the bulb m was added by means of the ground glass joint 0. This served 
as a holder for granulated soda lime which was introduced through the 
mercury-sealed ground glass joint p. The stopcock q maintained a vacuum 
in this vessel when removed from the apparatus for the purpose of weigh¬ 
ing. The electric furnace r, previously calibrated, was used to heat the 
gel to the required temperature during evacuation. 

The whole apparatus was enclosed in a completely water jacketed air 
bath. Three gas burners under the bottom furnished rough heating ad¬ 
justment, while a system of 8 carbon lamps, inserted in different sections 
of the water compartments and controlled by relays and a sensitive 
toluene-mercury regulator, procured very close temperature control. 
This bath was used by Morse and his co-workers in their measurement 
of osmotic pressure at high temperatures and hence is described elsewhere’ 
in the literature. Suffice it to say that by means of this bath the tempera¬ 
ture was maintained constant for any length of time with a maximum 
fluctuation of less than 0,05°. 

In all of the work a vacuum was maintained by using in series a rotary 
oil pump and a Gaede high-vacuum mercury pump, both manufactured 
by E. Ley bold. A MacLeod gage, K, served to determine when evacua¬ 
tion was complete, such being considered the case when the mercury 
threads in the gage became level. 

Materials. 

All the mercury used in this investigation, that for traps, buret, manom¬ 
eter and gage, was thoroughly cleaned and purified. This was accom¬ 
plished by first allowing it, in a state of very fine subdivision, to fall through 
3.4 meters of dil. nitric acid for 5 or 6 times, washing with distilled water, 
then caustic soda, and finally with distilled water. After drying it was 
redistilled in vacuo. 

The rubber tubing used to connect the mercury wells to the remaining 
part of the apparatus was soaked for 24 hours in dil. sodium hydroxide 
solution in order to remove sulfur present. This precaution prevented 
premature fouling of the mercury. 

The sulfur dioxide used was that found in the trade and was taken di¬ 
rectly from its metal cylinder—a method recommended by Travers in 
his careful work on purification of gases. Of course its purity was first 
tested. This was done by immersing a 100 cc. inverted buret filled with 
sodium hydroxide in a sodium hydroxide solution. The buret was now 
filled with sulfur dioxide from the cylinder, and after a short time was 
completely absorbed without the appearance of any gas bubble at the top 
1 Am. Chem. J., 48, 39 (1912). 
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of the buret. Several experiments were also made from a sample obtained 
from the same cylinder which had been redistilled. No different results 
were observed. A further check on the purity of this substance was ob¬ 
tained from vapor-pressure measurements No change in pressure being 
noticed, no matter how large a voume of gas was introduced. Hence the 
possibility of presence of oxygen, nitrogen and carbon dioxide, the most 
likely impurities, was eliminated. 

All of the gel used in this investigation was made by the Davis, Patrick 
and McGavack 1 process In general this consists in allowing an acid solu¬ 
tion and a solution of sodium silicate, both solutions being kept at the 
proper concentration, to mix under violent agitation. The hydrosol 
"sets” in i to 18 hours, depending upon the temperature and concentra¬ 
tion of the solution. When the desired state of firmness is reached the 
material was washed with city water, the washing being continued until 
no trace of electrolyte could be detected in the wash water. The material 
was then dried at i io° in vacuo until the water content was reduced to 
7 or 8%. By this method a large amount of material was prepared 

The best grade of sodium silicate solution (water glass) furnished by 
the Philadelphia Quartz Company was used c. p. hydrochloric was 
the acid used. 

In order to remove dust particles and possible metal impurities the gel 
was subjected to still more drastic treatment. This was accomplished 
by saturating it with nitric acid fumes and refluxing with c. P. cone, nitric 
add for la hours. The material was then washed thoroughly by de¬ 
cantation from distilled water over a period of 4 days. This part of the 
operation cannot be hurried or accelerated by increasing the amount of 
water as the rate of diffusion from the pores of the gel is very slow. The 
material was then dried in an air bath at 1 io°. 

As even at uo° a large amount of water (16-2490) still remained in 
the gel, and as uniform samples of different water content were desired, 
some arbitrary process had to be employed to standardize the water con¬ 
tent- This was accomplished by heating a mass of gel for different periods 
of time under a vacuum at different temperatures For instance, Sample 
c was prepared by heating for one hour at 100-120° and for 3 hours at 
300°. Sample d was heated for one hour at 100-120°, one hour at 300°, 
and finally 2 hours at 500 0 —a vacuum of 1 to 5 mm. being maintained 
in each case during the whole time. This treatment was rigidly held to 
in the preparation of all samples. The samples were then put in glass- 
stoppered bottles and these in a sulfuric add desiccator. 

All water determinations were made by heating the gel in a platinum 
crudble with a blast lamp. This method was applicable, as water was 

1 Reports submitted to the Chemical Warfare Service, a rtoum* of which will b* 
published Id the near future. 
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the only volatile component. The usual method for obtaining the den¬ 
sity of an insoluble (in water) solid was employed, especial care being used 
to see that all adsorbed air bubbles were removed. Table I gives the ex¬ 
perimental results. 


Table I.—Water Content and Density op Different Samples. 


Sample c 


A 


A 


/ 


Water, % 

Density 

Water, % 

Dennty 

Water, % 

Density 

Water. % 

Density 

4 79 

2 1693 

3 53 

2 244 

2 36 

2 

7 93 

2 123 * 

4 8-3 

3 ] 6cm 

J ■*$> 

2 23b 

3 36 

r 

8 03 


4 90 






8 07 


Mean: 








4 «7 

1 1648 

3 St 

2 24O 

3 3‘ 


8 01 



* Calculated from values obtained from t and d 

Isotherms were made at —8o°, — 54- 34 4 °. —33 4 <> > o°, 3 °°< 40°, 
57 0 , 80 0 and ioo° For +30° and -+-40 0 the constant temperature both 
surrounding the apparatus was used Solid carbon dioxide contained in 
a Dewar bulb served for —80 0 Liquid ammonia also contained in a 

Dewar bulb and with an arrangement for variable pressure served for the 
other low temperatures The freezing and boiling points of water were 
used for 0“ and ioo°, respectively The vapor of boiling acetone and ben¬ 
zene gave the points 57 0 and 80 0 In no case was the adsorption bulb 
allowed to dip in the boiling liquid itself but was completely bathed with 
its vapor. The flask containing this liquid fitted tightly at the top around 
the adsorption bulb and had openings for a thermometer and also a long 
glass condenser which avoided the necessity of continually adding liquid. 
In all cases the remaining part of the apparatus was kept at a constant 
temperature by means of the constant temperature bath 
The actual temperature points of the 2 low degree experiments were 
fixed by the aid of the vapor-pressure measurements made on sulfur di¬ 
oxide by Steele and Bagster. 1 These investigators furnish the only meas¬ 
urements of this constant at low temperatures (—73 * to —36*’) and when 
the logarithms of these pressures are plotted against the absolute tem¬ 
perature a fairly straight fine results In the other low temperature 
runs (Expts. XXVIII and XXIX) a xylene thermometer, cali¬ 
brated recently (1919) by the U. S Bureau of Standards, was used. 
Tbe corrected readings on this thermometer were —33 4 0 for Expt. 
XXVIII and 34 - 4 ° for Expt. XXIX. The vapor pressures ob¬ 
served in these runs correspond to temperatures —37 8° and —38.8° 
with reference to the Steele and Bagster results. Regnault,* Pictet 1 
and Sajot, 1 however, have measured the vapor pressure of sulfur dioxide 
from 30 to +100 °. Their results are in good agreement with each 
other and it is interesting to note that the logarithmic curve plotted 

' Stee3 f “ d Ba * ster > J ' Ck ”» See., [2 J 97, 36 , S (l9,o) 

Results tabulated in UndoK Bfirnirtein "Tabellen.” 
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from them when extended fixes the temperatures in question at —34 ° 
and —35 0 , respectively, values which seem to be the true ones. 

Procedure. 

The gel was weighed directly into the adsorption bulb which was then 
attached to the apparatus. The furnace was put in position and heating 
and evacuation were commenced at the same time. The temperature 
and length of heating were governed primarily by a consideration of the 
water content of the gel A temperature higher than that used in the 
preparation of the gel was never 
employed—this was done so as 
not to change the amount of 
water present The evacuation -i 
was continued until the Mac- 
1/eod gage indicated no pressure 
The adsorption bulb was then 
allowed to come to the tempera- , M 
ture desired and the first intro¬ 
duction of gas was made. : 

Amounts of gas such that points * 
might be obtained at 2, 5, 10, * 
so, 30, 50, 60 and 70 cm. were 
introduced. After introduction, 
the mercury level was brought 
to point l (see Fig 1), and by * 
reading this height and also that 
on the manometer itself, the 
point where equilibrium was 
reached could be ascertained 
easily. The difference between these 2 readings gave the pressure of the 
system. In the same manner another quantity of gas was introduced 
and its equilibrium pressure measured This was continued until atmos¬ 
pheric pressure was reached. 

For points on the reverse curves the following method was used. The 
bulb m was partially filled with soda lime granules, Stopcock q opened 
and the whole system thoroughly evacuated. After removing and weigh¬ 
ing, the bulb was again attached and the system thoroughly evacuated. 
The mercury controlling the MacLeod gage was now raised to a point 
sufficient to cut off its large bulb. Then lowering the mercury in the ex¬ 
pansion chamber, h, the stopcocks g and q were opened and gas was given 
off from the gel. When sufficient had escaped the cock g was closed and 
the mercury is h raised to l. The pressure gage showed almost instant 
adsorption by the soda lime, but to avoid any error 5 was left open for 
an hour in order not to miss the last traces of the gas. It was then closed 
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laid the bulb removed and weighed. The same process was repeated 
lea- every point desired. Of course pressure readings were made for every 

point determined. 

All pressure readings 
were corrected to o° and 
all gas volumes to 760 
mm. and o°. The vol¬ 
ume of the gas above 
the gel was calculated 
each time and subtracted 
from the amount intro¬ 
duced Knowing the 
volume of the bulb C to 
the mark /, also the tem¬ 
perature and pressure, 
this value was easily cal¬ 
culated from the gas 
laws. When the bulb 
and the remaining part 
of the apparatus were 
at different temperatures 
the volume and tem¬ 
perature of each part were considered in the calculation 

Experimental. 

The results for Sample c of the gel are given below. Figs 2 and 4 
show these facts graphically 

Erpt XII 

joo° a 1123 1/»«•<> 743. 

Vi X X/U ,o% F lo, X/U X/U cUc 

2.18 16 06 6 62 1 0247S o 82086 6 JO 

4 74 2 9 to 12 04 1 S6159 1 08063 n 62 

8 *9 43 13 17 7 8 1 59879 » 24993 »7 43 

11 23 53 34 2J 99 j 73576 1 34223 22 08 

13 8 5 59 80 24 65 1 82705 I 39182 2 J 83 

Expt XIX. 


2.6000 g 

« 



80" 

<1 3 239 

«/«- 

O.663. 

P 

\ o 

Vi. 

X 

X/U 

lo* t - 

to* X/« 

l/» 

47 00 

12 66 

1 OO 

11 66 

4 4 s 

0 67210 

O 6512S 

0.448 

J92 19 

47 60 

4 09 

43 57 

16 73 

1 38373 

l 223JO 

O 680 

*24 73 

53 30 

4 78 

48 52 

18 66 

1 35166 

1 27091 

O 681 

407 88 

80 73 

8 70 

72 03 

*7 70 

1 61053 

1 44348 

O 678 

575-32 

101 09 

12 34 

88.85 

34 17 

l .75991 

1 53364 

O 6?2 

671.95 

111.56 

14.29 

97 .*7 

37 41 

1,83733 

1-37299 

0.669 


2 42 J 6 g, (c) 

P. V. 

105 88 18 24 

229 93 33 94 

397 00 51 32 

544 10 64 37 

671 50 73 65 
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Expt. XX 


2 6$O0 g. (cl. 


57 °- 

« 5 755 

■ /»’ 

= 0 - 533 - 

P 

V. 

v, 

X 

X/M 

log P 

log X/if 

i/n. 

IS 97 

17 92 

O 42 

17 5& 

6 Co 

0 27807 

0 91954 


46.16 

34 76 

l 03 

3 J 7 i 

12 73 

0 66427 

1 10483 

0-534 

8l 70 

50 42 

1 82 

4S f) O 

is 34 

O Q1222 

I 26340 

0 552 

168 84 

72 83 

3 75 

69 08 

26 07 

i 22747 

1 41614 

0 534 

290.14 

97 38 

6 45 

9 « 93 

34 31 

1 4(l26l 

1 5.3542 

0 530 

615.65 

151 75 

13 68 

138 06 

S 2 10 

t 78933 

I 71684 

0 534 

713 JO 

164 51 

15 86 

148 65 

56 09 

1 s 5339 

1 74889 

0 5.33 

2 600 g 

(c) 

• 

Expt XVIII 

40° 

« 9 755 

i/n*=c 

• 50647. 

9 44 

19 72 

O 22 

5 ^» 

7 50 

1 97497 

O 87506 

0 4560 

31 37 

43 63 

0 7 2 

4 - 91 

•6 50 

0 49651 

1 21748 

0 4596 

64 77 

67 14 

I 49 

65 65 

2 S 

0 8i117 

1 40226 

O 5090 

no 00 

90 05 

3 5 V 

8; 51 

35 66 

1 04139 

1 52711 

0 5165 

189 13 

112 80 

3 90 

10S 90 

41 .88 

I 22822 

I 62201 

0 5152 

J 99 78 

tjr 28 

6 SH 

144 40 

55 54 

I 47680 

I 74461 

O 51X4 

448 60 

184 95 

IO 30 

174 65 

67 17 

I (>5186 

1 82718 

0.5072 

567 51 

IQS 2 2 

»3 04 

195 lS 

7 S 07 

1 75398 

I 87547 

o-SOS .3 

692 20 ' 

229 51 

IS 88 

2'3 63 

82 16 

I 84023 

1 91466 

0.5028 

1 7600 g. 

to 


Expt XXIII 

30 ° 

0 12 93 

I /»■ 

“0.485. 

P 

* v. 

1. 

X 

X;M 

log P 

to* 3 YJ 1 . 

Z/RoJc. 

9 5 <> 

21 09 

O 

20 86 

11 85 

1 97772 

I 01372 


40 5b 

46 24 

O 98 

45 26 

2S 7 -* 

0 60810 

I 41027 

*5 3 * 

82 32 

66 25 

I 99 

04 26 

36 51 

O 9 I 55 X 

1 56241 

35 94 

141 46 

»7 50 

3-42 

84 08 

47 77 

I 15063 

1 67916 

46 74 

241 77 

113 78 

5 84 

107 94 

6133 

1 38340 

1 78767 

60 61 

408 02 

146 2q 

9 SO 

156 43 

77 5 -’ 

I 61068 

1 88941 

78 10 

593 10 

175 60 

14 29 

161 31 

91 65 

1 77240 

1 96213 

93 59 

703 40 

191 73 

16 97 

174 75 

99 39 

1 S4650 

1 99691 

IOI 60 

2 1422 g (0. 
p 


Expt XV. 

0* 

X X'H 

<1 29 >4 

kv P. 

t/w- 

loir Jt/Af 

10.43207. 

!/». 

17 67 

80 58 

O 44 

80 14 

37 41 

0 24724 

1 57299 

O.4387 

34 92 

ro9 40 

O 87 

108 53 

50 66 

0 54307 

1 70467 

O 4422 

59 S 3 

137 74 

I 48 

136 26 

63 61 

0 77320 

■ 80353 

O.4384 

88 16 

161 <>5 

2 21 

■ 59 44 

74 43 

0 94517 

1 87175 

O.43O7 

129 25 

190 26 

3 83 

187.03 

87.31 

1 11143 

1.94106 

0,4287 

179.46 

218 28 

4 49 

2 >3 79 

99 80 

1.25396 

1 99913 

O.+163 

22 J. 2 I 

242.18 

5 64 

236 54 

no 42 

1 35259 

204305 

0 - 4*77 

3 * 7 .J« 

283 25 

7 95 

375 30 

128 51 

* 50175 

*.10893 

O.429I 

408.48 

3 U .*8 

10.23 

310.95 

* 45-15 

1 61117 

2 ,16182 

0.4327 

332.41 

36363 

13 08 

350-55 

163,64 

1.71801 

* *1389 

0 4361 

65 * *3 

397 - 6 + 

* 6.33 

381.31 

178.00 

1.81433 

2.2S042 

0.4331 
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Expt. XVT. 



0*. 


p 

t'o 

Vi 

X 


X/M. 

log r 


8 40 

39 08 

0 22 

23 

86 

25 57 

t. 

92428 

» 40773 

36 50 

78 98 

0 94 

78 04 

50 54 

0 

56229 

1.70364 

6t 54 

98 IS 

x 59 

9<S.S<S 

62 54 

0 78916 

r 79616 

80 47 

III 19 

2 08 

109 

n 

70 66 

0 

90563 

1 84917 

to6.il 

125 35 

2 74 

122.61 

79 4t 

1 

03376 

1.89988 

145 39 

*43 59 

3 76 

i 139 83 

90 56 

1 

16254 

1 95694 

187 02 

160 58 

4 84 155 

74 

100 86 

1 

27189 

2 00372 

158 17 

186 42 

6 68 179 74 

116 41 

1 

41185 

2 06599 

3+r 23 

2T4 29 

8 83 205.46 

133 06 

1 

53305 

2 12405 

4 23 16 

240 04 

IO 92 

l 229 

12 

148 39 

1 

62548 

2 17138 

569 86 

280 79 

14 75 

i 366 04 

172 30 

X 

75577 

2 23629 

639 09 

297 98 

16 54 281 

44 

182 27 

X 

80556 

2 26071 
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2 2321 g (c) 

0°. 


a 

29 89 


«/«» 

0 4279 

P 

V. 

V, 

X 

X/M 

log P 


log X/M 

l/n 

to 43 

70 19 

0 26 

69 93 

31 47 

0 01828 


1 4979« 

1 2248 

31 8.1 

III 04 

0 80 

1x0 24 

49 60 

0 5028S 


I 69548 

0 4374 

67 47 

152 69 

I 70 

150 99 

67 94 

0 82911 


1-93213 

0 4301 

105 35 

182 47 

2 66 

179 81 

80 91 

I 02263 


I 90800 

0 4248 

147 °5 

310 l6 

3 7t 

206 45 

92 89 

• 16747 


1 96797 

0 4218 

t90 59 

234 94 

4 St 

230 13 

tot 55 

1 28010 


2 01515 

0.4215 

245-57 

265 34 

6 20 

259 14 

116 1)0 

I 39017 


2 06670 

0 4252 

3 to 58 

393 37 

7 85 

285 52 

t28 47 

1 49217 


2 10880 

0 4244 

366 57 

318 20 

9 23 

308 97 

139 03 

1 564U 


2 143II 

0 4268 

467 79 

360 28 

It 82 

348 4* 

156 79 

I 67005 


2 19532 

0 4310 

585 96 

401 09 

14 80 

386 29 

173-82 

x 76787 


2 340IO 

0 4324 

720. tj 

429.74 

18 r8 

41» S* 

185 18 

1 85742 


2 3&7S9 

0 4364 
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I 43 10 8- 

(c). 

33 

4”. 

a 

76 32*. 


i/a—0 

347i“- 

6 00 

88 07 

0 U 

87 96 

61 47 

• 7781s 


1.71866 

0 4234 

20 40 

132-28 

0 31 

• 3* 91 

92 IS 

0 30963 


1 96484 

O 2657 

41.07 

180.24 

0 76 

179-48 

»2.5 42 

0 613.53 


2 09844 

0 3355 

72 OO 

229 43 

I 29 

228 14 

159 42 

0 85733 


3 30254 

0 3735 

U3 38 

270.82 

2 04 

268 78 

187 82 

I 05453 


2 27375 

0 3709 

242 OO 

3'3-54 

4 35 

309 19 

316 06 

1 38382 


2 33457 

0 3266 

243 OO 

364.94 

4 37 

360.57 

251 97 

I 38361 


2 40138 


243*01 

455 54 

4 37 

431 17 

35» 28 

1 38563 


2 49869 



* These constants were calculated from all points, hence the slope of the curve 
is slightly less than indicated from the majority of the observations. 


Expt, XXIX. 


i.666o g. (e) 


—34 4’. 

a 

72 33- 

i/n-' 

0 3794- 

4*22 

88 89 

0 07 

88 82 

53-31 

1.52531 

1.72681 

0 3536 

13 85 

136 00 

0,22 

135 78 

81 50 

0.14143 

191116 

0.3665 

29.02 

>80 70 

0 47 

180 23 

108 18 

0 46270 

2.03415 

0 3778 

50.07 

229.31 

0.79 

228.52 

13717 

0.69958 

1,13726 

0-3973 

73 45 

27* 07 

t.lS 

270 89 

162 60 

0 86599 

2.21113 

0.4031 

116.62 

32t 86 

1.88 

3*9 98 

192.06 

t.06677 

*38344 

0.3975 

*0J 39 

347-35 

3-32 

344 03 

306 JO 

1.31300 

a,3l4«a 

0.3470 

232.66 

426 30 

3-75 

43> 35 

260,00 

1.36672 

*4*497 

< . . i 
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Eupt. XXVI. 

i.*876 g. (c). —54®. a 112.7*. i/» *>>0.405®. 


p. 

Vo. 

V,. 

X. 

X/U. 

to* P. 

log X/M. 

0.40 

40.17 

0.00 

40 17 

31 19 

2.60206 

1*49402 

4.16 

103.07 

0.06 

103 01 

80.00 

T.6J909 

1.90309 

9.85 

142.41 

0.16 

142 25 

110.47 

‘•99344 

2.04324 

*7.35 

184.65 

0.28 

184 37 

143 19 

0,24728 

2 15591 

27.50 

220.53 

0.44 

220 09 

170.93 

0-43933 

2 23282 

44.70 

268.31 

0.63 

267.68 

207 89 

O 65031 

2 31781 

89.00 

313 50 

> 44 

312.06 

242 36 

O 94596 

238435 

88.05 

352.39 

1.44 

35 ° 95 

281.44 



88.35 

396.39 

1 44 

394 95 

3 ° 7•85 




* Constant obtained by neglecting that point when saturation was nearly reached. 
For this reason i/n is slightly larger than is the case in Expts. XXVIII and XXIX. 

Expt. XXV. 

1 689a g-to —80°. a 4 . i/n“. 

B. V .. X/Si Ins P Ion X/il. V i*. 

0.15 84.97 jo 30 2.11394 170157 . 

0.58 166,92 98 82 276343 1 99484 .. .. 

I.65 249.71 147 *2 T .21748 2.16973 . 

3.O5 307.17 181.84 1 4 * 43 ° 2 25969 . 

4.60 349-11 206.67 i" 66276 2.31528 . 

8.30 - 388.23 229.83 7.91908 2.36138 . 

8 85 433 54 256.63 T .94694 2 40934 . 

8.80 470 90 278.77 1.94448 2.44526 . 

8-85 512-35 303 31 T 94694 2.48187 . 

* V, correction negligible; 4 not calculated as saturation prewuie is less than 1 
cm. and hence no comparable values would be obtained. 

In order to make clear how each calculation was obtained from the 
actual results, and exact reproduction of Expt. XXIII, a typical example 
of all runs, is given below. 

The table is almost self-explanatory-. The meaning of the symbols 
being as follows; 

B » barometer reading in mm. 

Buret ** readings of the gas buret in mm. obtained from the cathetometer settings. 

V, ■* buret readings transformed into cc. by aid of the calibration curve. 

V, “ V» corrected to standard conditions, o' and 760 mtn. 

V 0 “ difference between the V, leadings, or, the total volume of gas. introduced 
in cc. and under standard conditions. 

Vi •* volume of gas in the vapor phase above the gel. in c-e. and under standard 
conditions. 

1 A' ■» V. — Vi total volume of gas adsorbed in cc. 

if «• weight of the gel. in g. 

X/ii - volume (cc.) adsorbed per g. of gel. 

Time—In this column is given the time of introduction of the gas and aim when 
pressure readings were made. 

Fi — pt m tnscortected pressure of the system in mm of mercury. 

P *> premure of sysietn hi mm. of mercury corrected to o' and for capillary de¬ 
pression 
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j? m density of the gel. 

T — temperature of the constant temperature bath, 

Tv — temperature of adsorption bulb. At +30° and +40* T ■» Ti. 

Tt “ weighted mean of adsorption bulb temperature and that of the remaining 
apparatus. In runs at +30° and +40° 7 * *= =* T. 

Vi « volume (cc.) of the adsorption bulb to point I (see Fig. 1). Vi and were 
obtained by use of the following equations: 


V t 


V, X B X 273 . „ { V , — MJD ) PY . 173 

- and V \ ■= . —--- 

760 x r 760 x r, 


Expt. XXIII. 

Weight of bulb and gel 17.64782. SO* go 5 Cap. Depression » 7.0000 mm. 
Weight of bulb 15.8878 g. P “2 1648 

Weight of gel (grams) r.7600 I' -- 21.08 cc. 

B. Buret. V,. VT. V c . Vi X X/W. Time P, P. Pi —Pi 

766.10 182.30 97.02 88.12 21.09 0.2J 20 86 n.Si 12,15 . 

765 30 $12.80 73-88 67 03. 1 00 201.70 185.34 '6.36 

. 2.30 200.95 184.45 16.50 

. 3 '5 200.63 184.10 16,33 


765-30312.8073.8867.03 25.15 098 45.262572 

763.00 471.20 46.18 41.88 46.24 . 


765.00 471.20 46.18 41.gS 20 01 1 99 64 26 36.ji 

764.70595.3324.1221.87 66.25 . 


764.70 595.33 24.12 21.67 21-25 3-42 84.0847.77 
764.95 726.88 0,68 o 62 87 50 . 


766.00 177-30 97.90 86.90 26.28 5.S4 107.94 61.33 
766.00 342.00 68.96 62.62 113.78 . 


766.00 342,00 68.96 62.62 32.51 9.86 136.43 77.52 
765.00 544.65 33.20 30.11 146.29 . 


7<>5 0o 544-65 33 20 30.11 29.31 14 29 161.31 91.65 

763-85725-75 0.88 0.80 17S.60.... 


763.85 180.20 97.38 88.18 16.12 16.97 17475 99.39 
763 -I 5 281.00 79,65 72.06 191.72 16,97 ...... ..... 


3 I.S. 

4.00 252 90 205.15 47.75 

4 50 252.82 20 . 5.05 47-77 

5.00. 

5.40 277.85 188.10 89.75 
8.00 278.23 188.60 89.75 

8.10. 

830 339-90 190.70 149.20 
9 45 339 90 190.70 149.20 
9 45 . 

10.45 439-75 190 9S 248.80 
11-30 439-70 1S9.9O 249,80 

12.30 439.10 189.07 350.03 
1.00 438.93 188.92 25003 

i.ro... 

3.15 622.50 205.40 417.10 
4 OO 632.20 205.05 417.15 

+■05 .. 

5 - 6.5 763.72 181,95 603.77 
5-50 783.60 181.70603.90 
8.13 783.60 183.50 602.10 
8-45 785.80 184.00 601.80 
900. 

9.45 887.40 176. 80 710.60 

10.30 887,10 174 05 713.05 
11.00 88710 174.05 7 IJ -03 


Water Content and Adsorption. 

It was known from previous work' that, generally speaking, the ad- 
swption of any gas was dependent upon the water content of the gd used. 
The fact that the gas or liquid was soluble or insoluble in water seemed 
1 Chemical Warfare Service paper, toe. tit . 
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to make 00 difference. It was also pointed out in this paper that a gel 
containing from 6 to 9% water seemed to be the most active. Such 
observations made it desirable to make measurements with gels of differ¬ 
ent water content. 

As our method of treatment was static and its accuracy depended to 
a very great extent upon complete removal of all air before the run was 
started, we were limited to gels of very low water content, as lengthy 
evacuation and high temperatures were necessary to obtain air free ma¬ 
terial. Gels with 2.31, 3 51, 4 86 and 7.97% water were used. The 
results are given below and are also shown graphically in Fig 4. The 
sample containing 2.23% water 
is practically the lower limit, it „ 
being impossible to prepare a 
sample containing a smaller 
amount of water and at the same 
time preserve the structure of 
the gel. This fact may be used 
as an argument that a small 
amount of the water u\ the gel of 
silicic acid is not mechanically 
held, but is in some way inti¬ 
mately connected, chemically per¬ 
haps, with the silica network. A 
gel containing about 8°' ( water 
was the upper limit, as with this 
amount at room temperature the 
gel has no vapor pressure and 
hence fairly good evacuation 
without any appreciable loss of water could be accomplished. The curves 
speak for themselves, the isotherms with 9.97 and 4,85^ lie practically 
on the same line, indicating that the maximum value of adsorption would 
be possessed by a gel containing an amount of water lying between these 
2 values. This further confirms the statement made in the paper pre¬ 
viously mentioned. 

The fact that sulfur dioxide is very soluble in water suggests the idea 
of solubility, that is, increased water content should cause increased ad- 
sorption. This idea, although plausible, is contradictory to some of the 
observations, for it has been shown that there is a maximum water con¬ 
tent above which adsorption decreases and docs not increase. Further¬ 
more, even in those cases where adsorption docs increase with greater 
water content, the increase is entirely too large to be accounted for by 
solubility. For instance, the average difference in X/M for Samples 
g and d was 7 cc. The actual difference b the amount of water was 
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%©iao g., which would adsorb at 40° about 0.5 cc. of sulfur dioxide, a 
value far too low for the difference actually observed. 

It is believed that this difference in adsorption with small changes in 
water content might be due to the change caused in the size of the pores. 
If the water content is too low we have the pores too large and hence the 
capillary forces acting are enormously diminished and cause low values 
for adsorption. On the other hand, if the water content is too high we 
have the smaller capillaries partially filled and hence the space available 
for the gas is decreased. An adjustment of these 2 factors must be made 
to produce the best results. 
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Kxpt. XIV. 

40*- 

a *=■ S 
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X 

X/M 
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17 33 

36 45 
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amm !? U ? d 2? Whea *** chaf S* was used for another 
amount adsorbed was distinctly 1«* than in the original run. 1 
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wa* due, without doubt, to the fact that it required more drastic treat¬ 
ment, longer evacuation and higher temperature, to remove the sulfur 
dioxide than it did in the case of the air originally present. During this 
process a small amount of water was removed and the result followed 
along the lines we have just discussed, decreased adsorption. In agree¬ 
ment with this conclusion is the further fact that where the gel originally 
started with was of low water content there was less difference between 
the first and second run. The following examples will show this more 
clearly. Compare Expt. XI with X, and Expt. IX with XVIII. 


Expt XI 


1 892 1 g * 


(o° 



p 
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V, 

\ 

X/U 
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22 2h 
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-otlKinally 

> d ' water content 




Expt IX 
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40° 

a «• 8 
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i/n = 0.5260 
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V. 

Y XMf 

Ins P 
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1 09132 0.4699 
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55 7-‘ 25 38 
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I 40+49 0 5362 

1,52 on 85 68 

1 55 

hi <3 37 3 1 

I 18184 

I 51183 0 5169 

335 4« >30 87 

7 79 1 

123 08 55 98 

I 52566 

I 74803 r> 5290 

574 74 <73 34 

<(33 1 

160 01 72 78 

I 75947 

1 86201 0 5232 


* Previously used- -originally (<•) water content. 


Adsorption Reversible. 

All earlier work on the adsorption of vapors by silicic acid gel showed 
a marked difference in the amount adsorbed at the same pressure and 
temperature, depending upon whether the pores were being filled or 
emptied. 'Hie earlier work of van Bemmelen 1 with water and later that 
of Anderson* with water, alcohol and benzene, all showed this wide differ¬ 
ence in the filling and emptying process. They explained this hysteresis 
from the known fact that a liquid in a capillary tube has a greater vapor 
pressure when being filled than when being emptied, as in the former 
case we have a diminution of the curvature of the liquid meniscus due to 
, incomplete wetting. This is a very plausible explanation as well as an 
interesting example of capillary phenomena. So it was thought de¬ 
sirable to obtain isotherms where the sulfur dioxide was removed from 
the gel instead of being added. 

As has been stated above, this was accomplished by opening a carefully 

* Z, amorg. Ckem , I}, 135 (1897): |8, 98 (1898). 

* hoc. rtj 
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evacuated soda-lime bulb to the system and when sufficient had been 
taken up removing the same and weighing. The weight was then changed 
to cc. at standard conditions by using the proper conversion facto *. 1 All 
reversible measurements were made at o’, as here we have a very large 
adsorption and the. difference, if any, would for that reason be magnified. 
Expts. XXXII and XXXIII were the first reversible runs made. 

Expt XXXII. 


I. 1140 g. (c). «“• 

a » 32 95 - 

i/n - 0.4116. 

Filling: Pores. 



p . r„ t ■- x - 
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Emptying Pores 
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1 

fn — 0.38107. 

P. Vt . SO. Vo!, so , 

V.. 

K«. 

X X/M 
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223 25 
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445.76 0 1060 37 -os 
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1+8 54 

1.65610 

2.17185 

04265 

56144 

437 18 

12.23 
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2.2133O 

042 68 

, 745-95 
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16.23 

458-58 

176 35 

I 87792 

0.24637 

0 4*57 

Landolt-Bormtein, "TabeUen,” give* one liter of sulfur rtkwl<k «t *»4cvcl, 
760 mm. and 0% weighs 3 .86j i %. 
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In the last column, marked (X/M) F , is given the amount adsorbed on 
filling for the same pressure values observed for the emptying process. 
In every case the former is the smaller value. Although this difference 
is small, nevertheless it is real Doubt was at once raised whether all 
the air could be removed by 
the treatment used. If not, 
the first introduction of sulfur 
dioxide would liberate the air 
present and thus cause au in¬ 
creased pressure. On the first 
exposure to the soda-lime bulb 
practically all of the air would 
rush out and hence the pres¬ 
sure due to the air on the 
ascending curve would lie 
eliminated and a greater ad¬ 
sorption at the same pressure 
would be observed. As a 
matter of fact, after the first 
exposure the MacI.eod gage, 
used to indicate when all gas 
had been adsorbed, never showed a vacuum, but indicated the presence 
of o. 1-0.2 cc. of gas. This was not noticeable, or if so, very slightly 
after the first exposure. 

It was now decided to prepare an absolutely air-free sample even at 
the expense of making a gel of only approximately known water content. 
This was accomplished by allowing the gel to stand in equilibrium With 
sulfur dioxide at about 70 cm. pressure overnight and then pumping it 
off and repeating the process. This was done 4 times and it is safe to say 
that the gel "was completely freed from air. Two experiments were run 
with a sample thus prepared. The results are given on p. 964 and are shown 
graphically in Fig. 5. 
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Expt. XXXIV. 
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' Charge of Experiment XXXIV evacuate! 

The agreement is well within the limit of experimental error. In 
other words, the adsorption of sulfur dioxide 1 a silicic acid gel is a re¬ 
versible process. 

It will also lie noticed that the absorption values do not agree with 
those previously made at this temperature The reason for this may be 
found in the discussion given under the head of water content and ad¬ 
sorption. Here it was shown that by repeated exhaustion of the gel the 
water content of the gel is decreased and hence its adsorptive power (in 
this case) is at the same time lowered. 

In order to prove more conclusively that minute traces of air were 
responsible for the lack of reversibility a sample was run where there 
was a definite amount of air present. This was done by evacuating the 
bulb but a short space of time To be exact, there was at the beginning 
of the run a partial pressure of air of 0.7 nun. The experiment was 
carried out in exactly the same 
manner as previous reversible 
runs. 'Hie experimental facts 
are given in Table II and 
Expt. XXXVII. They are 
also shown graphically in Fig. 

6. Table II is given to show 
the large effect of small 
amounts of air upon the rate 
of adsorption. With air pres¬ 
ent, as may lie seen, it is a 
question of hours before equi¬ 
librium is reached, while under 
conditions of a perfect vacuum 
( equilibrium is reached in a very 
few minutes. The fact that 
there is an appreciable time 
factor at all in the latter case is caused chiefly by the time necessary for the 
dissipation of the heat evolved during adsorption. In Fig. 7 are plotted 
the rates of adsorption in the form of dp/dt for two points, one obtained 
in the presence of air and the other in the absence of air. This gives 
another strong evidence of what important rote air play's in adsorption 
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jSieaomena The presence of this substance is suggested as a possible 
Season for the hysteresis observed by previous workers on reversible ad¬ 
sorption isotherms. 
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2 23739 
2 *6853 
2 10707 

*99922 
* S0703 
l 7*908 


7 mm. of Hr. 


»4*-$o 

122.00 

9 »S° 

Jiao 

13.00 
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Table IX. 


X/M. Time (min ) 

PtcttHux (tom ) 


40 

30.60 


”5 

26.40 

20 57. 

•45 

2580 

! 

185 

25 30 

1 

215 

25 30 

[ 

40 

5 i 50 

j 

70 

47 70 

37 to . 

IOO 

46 75 


130 

46 25 

1 

20s 

46 20 


IS 

93 90 


45 

75 95 


75 

71 OO 

53 44 . • 1 

105 

69.80 


<35 

69 65 


165 

69.40 


. 195 

69.45 


<5 

195-99 


30 

170.50 


60 

133.10 

81 78. . ... ■ 

9 ° 

149.33 


<25 

148.70 


1JO 

148.85 

| 

180 

148.85 

I 

<5 

343 65 


45 

308 ao 

114 66 . . . . .' 

75 

291 ©5 


250 

285.75 


180 

285.80 


15 

500.IO 


30 

461.40 


1=5 

428.40 


<55 

425 OQ 


185 

426.05 


215 

42595 


Bj 

656.60 


150 

640.17 


21S 

638.50 


. 255 

638.4s 

Total time. 

aj hours, 45 minutes. 



Discussion. 

Certainly there must be a mathematical interpretation possible and 
from the well defined regularity and similarity of the curves this appears 
to be far from complicated. A brief review of those equations in genera! 
ose is certainly appropriate. 







JOHN' MCGAVACK, JR., AND W. A. PATRICK. 

Many adsorption formulas have been proposed. That of Arrhenius, 1 
later amplified by S chmi dt, 1 is certainly logical and has been used over a 
wide range of cases. It has the following form when applied to gases: 

pS = kxe MS ~ x)/s 

where p is the pressure of tire gas, S the amount adsorbed at saturation 
per gram of substance, * the amount adsorbed at the different pressure 
intervals, K and A are constants and c has its usual value. Changing 
this somewhat, we may write 

* = P L ... 

fcAiS-fl-S’ 

which states that the amount adsorbed is equal to the product of the 
pressure, the saturation value and a constant, itself a function of the tem¬ 
perature, which fact is expressed by the power — ———~ to which e is 
raised. Written in the logarithmic form, 

^-4 f V — x) 

log p —- log 5 = log K — log A - - ———- log c, 

since log e, A and 5 are constants, and, as Schmidt has shown, log K *» k — 
log S, the expression is simplified, giving 

log p — log x — B{S — x) = k. 

This gives an equation well suited foT calculation purposes. The re¬ 
sults of adsorption of sulfur dioxide by silica gel fits excellently this equa¬ 
tion when the isotherms at the higher temperatures are used, those above 
o°. Even those at the lower temperatures' give fairly satisfactory results 
if proper manipulation of the constant B is made. The value of k in¬ 
creases with the temperature while there is a tendency for B to remain 
constant, although this also seems to increase with temperature. Theo¬ 
retically B should remain unchanged throughout the temperature range. 

A great drawback to this equation, as has been pointed out before by 
Marc,* is that it is too pliable. For instance, fixing arbitrarily the value 
of S the constant B may vary through wide limits and still fit the observa¬ 
tions. Also, the value S can be changed at will and by slight changes in 
B and k the observations are again correlated. Another objection is the 
fact that S is not a constant through a wide temperature range. It is 
logical to believe that it must vary with the density of the condensed gas. 
This correction would lie considerable and would give another variable 
to contend with in the Schmidt equation. 

The adsorption ideas of Langmuir 4 in their present form are not applies- 
1 S. Arrhenius. Medd. K. Vctensbapsaiad. Nobetinti., j, 7 (zgit). 

*G, C. Schmidt, Z. Pkys. Chtm., 78, 66 ? (191*) 

‘Mart, ibid., 8 r, 679 (1913). 

*Th» Jootnac, 39, 184* (1917); 40, >3(0 (191*).. 
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ble to the measurements of adsorption by porous bodies. The stray field 
of force, eminating from the surface of the adsorbent, it is believed, reaches 
out, attracts and holds those molecules of the gas that approach its sur¬ 
face. The maximum adsorption is reached when this surface is covered 
by a film of the adsorbed substance which is but a molecule in thickness. 
Hence, from this theory, other factors being equal, adsorption is dependent 
primarily upon the amount of surface exposed. The fact that the pressure 
of the gas phase changes gradually is ascribed to the difference in the 
strength of the individual lines of force given off from the surface Much 
evidence is brought forth to support this conception Thus, in order to 
apply the formula to porous bodies a measure of the internal surface 
would be necessary. The difficulty of such an undertaking is easily 
seen. It is true that a rough approximation might lie arrived at by 
making ultramicroscopic measurements oi the size of the pores, such as 
Zsigmondy 1 has done in the case of silicic acid gel. and combining this 
value with that number representing the internal volume of a definite 
mass of the substance. Ill is, at least, would give an idea of the internal 
surface. Yet, granting that a fairly accurate estimation were possible, it 
certainly must be admitted that forces other than residual valence come 
into play, especially so when the pores themselves approach the vicinity 
of molecular dimensions. This fact Langmuir recognizes and suggests 
that true adsorption should deal with plane or smooth surfaces only. It 
is thus evident that the observations made in this investigation cannot 
be expressed by tlie Langmuir equation m its present form. 

The simplest and most widely used adsorption equation is that pro¬ 
posed by Freundlich. This is purely an empirical relation, but one that 
is very' elastic and easy of manipulation. If t is the amount adsorbed, tti 
the mass of the gel, p the pressure of the gas, a and i '» constants, the 
equation is expressed as follows- 

v/m = ap 1 /«, 

or writing in the logarithmic form, 

log x/m = log a + i/w log p. 

This is an equation of a straight line and hence the constants o and r/» 
are easily interpreted —a being the amount adsorbed when the pressure 
is unity, and i/m representing the slope of the line. It is readily seen 
Shat the constants change with a change from one temperature to an¬ 
other. So in order to make a perfect general equation this change must 
be expressed. 

An inspection of Figs. 2 and 3 will show that the results obtained with 
silica gel and sulfur dioxide are very well represented by the Freundlich 
equation. For this reason the constants a and 1 fn have been given in 
* Lot. tit. 
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the tables containing the data. The value of t/n given at the head of 
each experiment was obtained by the method of mean errors and from 
that the value of a was found by substitution in one of the equations. 
This value of a, you will notice, corresponds very closely to what would 


be read from the graph shown in Fig. 3. 

A very exhaustive treatment of this equation and its relation to tempera¬ 
ture is given by Freundlich 1 and for this reason it is not necessary to carry 
through the somewhat extended proof for the validity of the general 
equation, which takes into consideration all the variables—pressure, 
temperature and amount adsorbed. It has the following form, 
log (x/tn), = log (*/*m)o — (2 — y log p)t, 


where z = 


rfl0g0 andy = ^ 


dt 


dt 


These values y and z should be 


constants and although the experimental results do not strictly bear this 
out, yet there is sufficient constancy to make calculations that give good 
approximate agreement. Table III gives the observed values and those 
calculated from the equation above, using the observations made in Expts. 
XVIII and XIX. For this particular sample of gel z — —o 0146 and 
y «= 0.0035, values obtained by taking a weighted mean of these differ¬ 
entials actually observed at the temperatures from 0° to 100 


Tabcs HI. 



Eipt XVIII (£) 40°. 


Expt XIX (c) 80 

0 

p 

X/IU oil. 

X/M calc 

T 

X/M obi 

X/Sf Mlc 

9 44 

7 50 


47 00 

4 4« 

6 20 

31 37 

16 50 

14 45 

193 19 

16 73 

16 75 

f>4 77 

23 25 

22 62 

224 73 

18 66 

18 70 

no 00 

53 66 

30 73 

407 88 

27 70 

28 99 

169-13 

41 88 

39 01 

575 32 

34 «7 

37 oj 

299-7B 

55 54 

53 91 

67> 95 

37 4t 

41 20 

448 60 

67 17 

67 99 




J&7 57 

75 07 

77 Si 




692 20 

82 if, 

84 36 





The objectionable feature of the Freundlich equation, as well as to most 
all other adsorption formulas yet proposed, is that isotherms at many 
different temperatures have to lie made in order to obtain the proper Value 
of the constants to be used for adsorption values at any pressure and at 
any temperature There is no way of predicting or even roughly ap¬ 
proximating what the adsorption would be at a temperature, say 40 
knowing the adsorption at some other temperature, say o°. This nwaw 
that a very large number of experiments must be made on every system 
before it can be properly disposed of and cataloged. This point will be 
taken up more fully in the latter part of the paper. 

The accuracy of the measurements and the ease with which they pan 
1 Frcwidliclj, ’•Kapiltarchcmie," p, 101. 
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be reproduced is clearly shown by Expts. XV, XVI and XVII, which 
were carried out on different dates with 2 1422 g., 1 5440 g. and 2.224 g. 
of gel, respectively. The values of X/M at equal pressures were cal¬ 
culated by the aid of the Freundlich equation. These calculations are 
found in Table TV. 


Table IV 

X/M Calculated from l/n and a Values 


p 

Expt XV 

F*pt XVI 

tipt XXIV 

(Cm) 

June JO 

July 4 

Sept 

>6 

5 

58 45 

56 70 

59 

36 

10 

78 68 

77 33 

79 

86 

is 

93 6 3 

92 71 

94 

97 

20 

105 91 

105 48 

J07 

40 

25 

>>3 90 

116 55 

iiH 

>6 

30 

126 03 

126 47 

127 

75 

33 

H4 64 

>35 S> 

>39 

64 

40 

142 38 

>43 86 

144 

48 

45 

149 93 

131 66 

>5> 

93 

50 

159 5« 

• 58 98 

>58 

96 

55 

16? 44 

165 9> 

>65 

57 

65 

>75 57 

178 80 

>77 

84 


In Fig. 3 we have plotted log X,M against log p If the equation held 
absolutely we would have a system of straight nearly parallel lines. This 
is not strictly true. There arc deviations in both directions, but more 
noticeably so with those isotherms earned out at the extreme tempera¬ 
tures. This bending is concave towards the r-axis, and for high tempera¬ 
tures takes place at the extreme left, wliile at the lower temperatures 
it occurs at the extreme right The first case is probably due to the slight 
pressure developed by the adsorbed air released on the introduction of 
the first amount of sulfur dioxide This pressure, although extremely 
small in itself, is, in proportion to the pressure of sulfur dioxide rcaltively 
large at this part of the curve and hence would produce a noticeable 
effect. More will be said later in regard to this point The bending in 
the case of the lower temperatures is easily accounted for. In that region 
the vapor pressure of the liquid is approached and deviations would not 
be surprising but expected. Others' have shown that where pip* ap¬ 
proaches unity the Freundlich equation is not applicable. 

The mere fact that a chemically inert substance like silica gel is found 
exhibiting such marked adsorptive properties is sufficient in itself to indi¬ 
cate that the cause of adsorption does not lie in the interaction of adsorbent 
and adsorbed substance. In making the above statement we do not mean 
to say that it covers all the cases of gas or vapor adsorption, for the fact 
of specific gas adsorbents would tend to disprove it, e. g,, palladium for 
hydrogen. Perhaps it would be better to confine ourselves to the ad- 
* Titofl, Z. phytik. Ckm., 74, «4> ( 1910 ); L. B. Richardson, This Journal. 40 , 
iS»S ( 1017 ). 
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sorption of vapors, although it will be seen that our analysis permits the 
extensions to regions that are ordinarily considered as gaseous. As an 
approximate line of division we might select the critical temperature and 
confine ourselves to a discussion of adsorption occurring below this tem¬ 
perature. It cannot be too strongly emphasized that we are dealing with 
phenomena that exhibit adsorption to a marked degree, and are not mani¬ 
festations of layers of a few molecules deep. 

It is our belief that the adsorption of gases or vapors, let us say at 
all temperatures below the critical temperature, may be predicted from 
a knowledge of the physical constants of the gas or vapor alone. Further¬ 
more, the role of the adsorbent is simply that of a porous body, its chemical 
nature being a matter of indifference. (.Cases of obvious chemical affinity 
sue of course excluded.) Adsorbents differ in the extent of their total 
internal volume and also in the dimensions of the spaces, called pores 
for simplicity, that make up the internal volume. It is conceivable that 
2 adsorbents may possess the same internal volume but show marked differ¬ 
ences in the adsorption of the same vapor due to differences in the distribu¬ 
tion of the pore sizes. 

If this is true the form of the adsorption curve expresses the distribu¬ 
tion of the internal volume as a function of the dimensions of the pores. 
An attempt was made to express this relation in terms of the Maxwell 
distribution law, but a moment’s reflection will convince one that there 
is no reason to expect the pore sizes to be distributed according to the 
laws of probability. The pores in the silica gel exist as the result of the 
juxtaposition of colloidal particles which are approximately all of equal 
dimensions and are, therefore, probably V-sliape in cross section, or at 
any rate may be designated as tapering. 

It is at once evident that if the adsorption curve simply shows the man¬ 
ner in which the various sized pores are distributed that go to make up 
the internal volume of the adsorixmt, then, instead of seeking a relation 
between weight of adsorbed gas and the equilibrium pressure we should 
at once turn to the volume occupied by the adsorbed gas. As a matter 
of fact, if we express our isotherms of sulfur dioxide adsorption with volume 
of liquid sulfur dioxide as ordinates instead of weight, the curves are 
brought closer together. Our next consideration is, of course, to express 
the abscissas of our isotherms not as simple equilibrium pressures but as 
corresponding condensation pressures. 

It has long been known that the properties which determine the ease 
of condensation of a gas or vapor arc closely connected with the physical 
constants of the gas or vapor which are of importance in determining 
the magnitude of the adsorption. It is well known that condensations 
of vapors occur with greater ease in capillary tubes than on a level stir- 
face, provided the liquid wets the capillary waff. This phenomenon 



ADSORPTION OF SULFUR DIOX ID L BY SILICIC ACID. 


973 


has been long studied and the lowering of the vapor pressure of a liquid 
in a capillary in terms of the ordinary vapor pressure of the liquid P 0 
fa given by the following relation: 


In P = In P a — 


2 ad 
DP 0 r' 


where <r is the surface tension, d the density of the saturated vapor, D 
the density of the liquid and r the radius of the capillar}' With the aid 
of this relationship we can readily derive the fact that the radius of the 
tube must be very small in order to have an appreciable effect on the 
vapor pressure of the liquid inside It is not until we get to tubes of less 
than o.ooi mm. in diameter that wc begin to affect the vapor pressure. 
Prom this it is clear that if we wish to account for the marked lowering 
of the vapor pressure b the case of adsorption, pores approachbg molecu¬ 
lar magnitude must be assumed. It is our feeling that such a wide ex¬ 
trapolation of the above formula is not justified and b the present anal¬ 
ysis we shall not consider the question of absolute diameter of pores. 

If we wish to compare the adsorption of a particular adsorbent for a gas 
or vapor at various temperatures, it is evident that the comparison must 
not be made at the same pressure, but rather at some correspondbg pres¬ 
sure, As suggested by Williams and Donnan 1 the value of pf /> 0 may be 
selected for this purpose (p 0 is the vapor pressure of the condensed vapor). 

In Fig. 8 we have plotted the logarithms of the volumes of condensed 
sulfur dioxide (obtabed by dividbg the weight of sulfur dioxide by the 
density of liquid sulfur dioxide at the correspondbg temperature) as 
ordinates against the values of logarithm p/pa as abscissas. It will 
be noted that greater 
volumes are taken up j 
at lower temperatures 
at the same corre- ; 
spondbg pressures - 
Furthermore, it is to * 
be noted that all the 
adsorption isotherms 
are brought much v 
closer together. When 
p/pa equals unity the 
Itune volume of sulfur dioxide is taken tip at all temperatures. At the 
higher temperature we were unable to work with pressures sufficiently 
great to enable us to real ire the value of unity fo r p'p c , however, the 
slope of the log curves is such as to bring all curves together at the 
point p/po m i- 

An approximate idea of exactly what this volume is may be grasped by 
1 Williams and Dorman. Tom* Fnratto? V,(19,4b 
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reference to Fig. 9. H«*e axe plotted on a larger scale the results ob¬ 
tained at the lower temperatures, in fact those temperatures where the 

saturation point was 
reached This point 
is easily fixed by the 
very sharp break in 
the curve. Introduc¬ 
ing density correction, 
these values become 
almost identical. 
Table V gives these 
results, corrected and 
unconnected, as Well 
as the saturation 
value of the isotherm 
at 0° calculated from 
the adsorption equa¬ 
tion. The accuracy 
of the Freundlich equation does not permit calculation of the saturation 
points at the higher temperatures as a wide deviation would be expected. 


Table V. 

Temperature.—So 0 —54° --.5+ o° o° 

Vol. gas phase, cc. 232 228 216 209 


Vdl. Hqaidphase.ee. (or internal vol. of gel) 04073 o 416R 04039 0.4167 

Similar results with silica gel were obtained by Bachntann 1 Tins in¬ 
vestigator showed that with the same sample of gel at the saturation 
pressure, that is the vapor pressure of the liquid at that temperature, 
the same volume of different liquids was taken up. Some experiments 
were earned out in which the liquid was introduced through the gas 
phase; others where the gel was introduced directly into the liquid. In 
this latter case the surface was carefully wiped with filter paper and possi¬ 
ble errors from this source minimised. The author states that no correc¬ 
tion for contraction or other volume change resulting from possible forces 
acting within the gel structure was considered in the calculation. A 
few determinations are given. 2 


18“. 

Sample 2. 

0 - 3 S 71 *- get 

Liquid. 

Wt. alM&rbeti 

G 

Vot. pet « at c«|. 

Cc. 

HtO. 




0,6270 

0,6210 

CjHiBr,,. 



• W. Badunann, Z, onotg. Ckem., 7#, 202 (1913). 

* 5”^ *** samples * ave consistent although different values horn the above. 
(■ Sample s—vol, m 0.3621 cc.; he. tit. 
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The absolute value is not in agreement with that found in this investiga¬ 
tion, but it must be remembered that the experimental method as well 
as the gel sample itself was different. The main point is that with the 
same gel sample there is an equal volume of the liquid adsorbed, no matter 
what the liquid or what the temperature. 

Up to this p>oint we have considered the lowering of the vapor pressure 
from the simple standpoint as being due to the rise in a capillary tube. 
Clearly, in our case the effect is not due to a difference in level, nor is it 
certain that we are dealing with tubes opened at both ends. For our 
purpose it is better to consider the lowering of the \ ajKir pressure of the 
liquid in a pore as due to a negative tension exerted on the liquid around 
the meniscus. Thus this pull has its origin in the tendency of films which 
wet the walls to contract so as to expose as little of surface as possible 
Looking at the adsorption of vapors in this light, it is seen that the con¬ 
densed vapor is under a tension rather than a pressure Furthermore, 
it is a simple matter to calculate the magnitude of this negative pressure. 
Using the well-known Gibbs relation, 



where dp * change in the vapor pressure, dP = change in the hydrostatic 
pressure, V — volume of the condensed phase, and v = volume of the 
gas phase, expressing the variation of vapor pressure with the hydro¬ 
static pressure, we can calculate that liquid sulfur dioxide at 30 °, 
having a vapor pressure of 3496 mm when in a capillary tube 
under a vapor pressure of 9 55 mm. is subject to a tension of about 
530 atmospheres. When the pressure over the condensed liquid sulfur 
dioxide has risen to 706 mm. by the above relationship it can be shown 
that the negative pressure has fallen to 410 atmospheres. It is evident 
that we are in a position to calculate the negative pressure on any hquid 
provided we know the lowering of the vapor pressure, and the density 
of the condensed phase. (It is assumed that the vapor obeys the gas 
laws.) 

If the liquid is in a dosed tube this pull must occasion a dilation of 
the same to an extent that is proportional to the compressibility of the 
liquid. Worthington* has stated that the volume changes caused by 
negative pressure may be calculated with the aid of the compressibility 
coefficient. Unfortunately, we have no direct measurements of the 
compressibility of liquid sulfur dioxide and are, therefore, unable to 
evaluate quantitatively the volume change. It is known that in some 
cases' the relation 

(ta ' - K 

1 Worthington, 7Vanj. Roy. Soc. (London), i&iA, 355 (1891) 

* Richard*, Tats Journal, 40, 59 (1919I 
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holds good, but it baa only beat tested over a narrow range of a and many 
exceptions have been noted. We can, however, say that liquids of high 
surface tension have smaller compressibilities than liquids of low surface 
tension 

Here we have a possible explanation for the fact that the volume of 
sulfur dioxide at corresponding pressures are smaller at high than at low 
temperature. At the higher temperature the condensed phase is more 
compressible, <r, being smaller, and m addition the negative pressure is 
greater. In other words, we do not know the actual density of the con¬ 
densed phase in the gel, but in all cases it is lower than the normal density 
which it approaches when pipe * i. 



Kxpt XII 



ivvpt xxrn 



IOO° 





0 — 9.25, D => 1 

= 2114 3 cm 

a ^ 22 75 , D * 1 3556, po 

“ 349 6 cm 

log V. 

log P/Po 

tog P*/P° 

log V 

to. p/po 

to* p* p . 

2 49183 

3 03643 

T 00257 

2 398 n 

i 33415 

2 69113 

2 66113 

3 27363 

7 23977 

7 73466 

2 064*3 

7 42151 

* 753*3 

2 41060 

7 37674 

1 886.30 

2 37194 

7 72892 

2 80302 

5 50189 

5 46803 

7 00355 

J 60706 

7 96404 




i 11206 

2 83981 

d 096S1 




7 21380 

1 O67I 1 

0 35698 




1 28652 

I 2288} 

0 38581 




T 32130 

7 30301 

0 65999 


Expt XVIII 



Expt. XIX 



40° 



80" 


«r - 21 O, £* = 1 3111, p. 

= 4712 cm 

0 = 13 1, D 

■= 1 I92, po “ 

1368 cm 

tog V 

log p't* 

to, P*/P* 

log \ 

log 1> >0 

log P*/P» 

3 21395 

3 3° ! 76 

2 62398 

7 60^74 

2 14764 

7 26491 

3 55637 

3 82330 

7 14552 

7 65115 

2 21557 

7 33284 

3 7*115 

3 13816 

7 46038 

2 82272 

2 47444 

1 59171 

3,86600 

3 36818 

7 69040 

2 91388 

2 623S2 

7 74109 

2.96090 

2 55501 

1 87723 

2 95323 

* 69124 

7 80851 

7 08350 

3 80359 

0 12581 




7 16607 

3 97865 

0 30087 




T 31436 

t 08077 

0 40299 




1 25355 

7 16702 

0 48944 





Expt XXVI 



Expt XXV. 



54 ° 



—80“ 


» * 390 D 

* 1 565, P* “ 

88 3 nun D 

“ 1 6295, <r ' 

"* +4 S. P‘ “ 8 8 mm. 

V 

lov pftm 

log ft/Pm 

to* V 

to* P/P* 

I"* P*/pm. 

5 75603 

3 65610 

7 24716 

2 94694 

3 16946 

7 8178s 

3 16510 

% 67313 

0 26419 

7 23931 

5 81895 

0 46731 

7 30525 

7 04748 

0 63854 

7 41420 

i 27300 

0 91*36 

t 41792 

i 29832 

0 88938 

J 50416 

1 539»2 

1 18818 

T.49483 

7 49337 

1 08443 

7 55975 

7 71728 

1 36564 

1 57984 

1 7“435 

i *9541 

1 60583 

7 97460 

« 6**96 
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Expt. XXIX. 



Expt. XXIV.. 



—34-4° 



0°. 


<t ~ 36.2, 

D “ 1.5302, p ° 

* 232.6 mm, 

<r 28.5, D 

” 1-435. P " * 

nfi.2 cm. 

log V. 

Ion P ! P° 

lOK P«/Pt» 

log V. 

log #/#** 

log **/+> 

2 99858 

5.25870 

1.81741 

2 79757 

3 95307 

7.40755 

T 18293 

2 77484 

0 33355 

2 995*5 

7 44763 

7.90211 

t. 30392 

7 09609 

0 65480 

7 13180 

2 76370 

0.21818 

I 40903 

i 33297 

0 89168 

I 20767 

2 95742 

0 41190 

7 48189 

7 49938 

1 04809 

7 25764 

7 10226 

0 55674 

7 55521 

T 70016 

r 25887 

7 31482 

7 21489 

0 66937 

7 58669 

I 94<i39 

1 50510 

1 36637 

7 32496 

0 77944 




1 40S47 

1 42696 

0 88244 




7 44278 

7 49994 

0 95442 




1 49499 

7 60484 

1 05932 




i 53977 

1 70266 

1 15714 




1 56726 

7 79221 

1 24669 


As an empirical relationship, the result of dividing the volume of the 
condensed sulfur dioxide by the value of the surface tension raised to a 
fractional power was tried. Qualitatively, this produces a correction in 
the right direction. In order to take into consideration the constant 
that connects the value of the surface tension with the change of volume, 
we have thrown our relation into the following form. 

~ = k (P/Po)' /B 

c 

which, for calculation purposes, can be arranged thus 



assuming that the same value of i/« holds both for p/po and a. 

The preceding tables show tire value of V, p'p a and Pc/p Q , all expressed 
as logs for convenience iu plotting. Fig. 10 shows the contents of 
these tables when plotted with log V as abscissas and log of P<r/p 0 as 
ordinates. 



From this logarithm curve the value of the constant i/n and k are 
found to be o 447 and n, to.tft. In this case k has been taken as that 
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volume whefe — = i and i/n has its usual significance—the slope of 
Pa 

the curve. Hence our adsorption equation for the system silica gel 
sulfur dioxide would be, 

V = 0.1038 °- 447 ' 


Where V is expressed in cubic centimeters, a in dynes/cm., and p and p 0 
in the same unit of pressure. The close agreement is very striking and 
is strong evidence of our claim that the volume occupied by the adsorbed 
vapor is the same at the same value of the corresponding pressure pf p 0 . 

Summary. 

1. The adsorption of sulfur dioxide by silica gel was measured at various 
temperatures between — 80 0 and + 100°. 

2. The effect of the water content of the silica gel was studied. Maxi¬ 
mum adsorption was shown by gels containing about 7 C / water. 

3. The adsorption was shown to be reversible in the absence of air. In 
the presence of small amounts of air the rate of adsorption was greatly 
decreased and adsorption and desorption were irreversible. 

4. The empirical equation of Freundlich was found to hold over almost 
the entire range studied—exceptions being at these points where the 
saturation pressure was approached. 

5. The equation 


V 

1 /n 


K{p;p< 


\i/» 


is found to hold, where V = volume of condensed phase uncorrected, <r the 
surface tension, p the pressure of the gas phase, p 0 the vapor pressure of 
the liquid, k and i/it constants dependent upon the physical properties of 
the adsorbent. 

Baltmokb. MAJtV'LANO. 


[Contribution prom tub Department op Chemistry of Princeton University.] 

A SURFACE CONDENSATION ERROR IN CERTAIN MEASURE¬ 
MENTS OF VAPOR PRESSURE BY THE GAS CURRENT 
SATURATION METHOD. 

By Alan W. C. Menzies, 

RtcclYtd March 20, 1920. 

In the employment of the method referred to in the title, the possibility 
Of condensation of the saturated vapor on surfaces earlier in the apparatus 
train than tlie weighed absorption tubes has been appreciated by some 
investigators bat neglected by others. In order that the seriousness of 
this source of error in the case of water may be more fully understood, 
the writer proposes to illustrate its incidence in certain investigations 
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and to report the results of experiments that give an idea of the magnitude 
of the error in the case of glass and of asbestos surfaces. 

Saturated Water Vapor and the Gas Laws.—It may be well to clear 
the ground by stating that the assumptions that even the saturated 
vapor of water in air at ordinary temperatures and pressures is of normal 
density as computed from a molecular weight of 18.016 and a standard 
gram molecular volume of 22 40 liters by the gas laws, and that Dalton’s 
Jaw is followed by the mixture, seem to be justifiable within the limits 
that would be indicated by the following experimental results- vapor 
pressure of water m mm. mercury at 0° by static method, according to 
Scheel and Heuse,' at 25 0 , 2376; at 30°, 31.83; vapor pressure by air 
saturation method, employing the above assumptions, at 25°, 23.7 
(Lincoln and Klein*); 23.71 (Krauskopf*); 2375 (Derby, Daniels and 
Gutsche 4 ); at 30°, 31.80 (I’ennan 5 ). The fact that such agreement con¬ 
tinues good throughout a range of higher temperatures’ makes it unlikely 
that the coincidence is due to a balancing of errors. It may here be noted 
that no one of these workers reports the use of glass wool, asbestos or other 
plugs to filter their saturated air stream. The work of Galizine 7 points 
to the close applicability of Dalton's law at higher temperatures and 
lower total pressures for water and other vapors. 

Erratic Results in Measurements of Vapor-Pressure Lowering.—For 
purposes of molecular weight determination. W. Ostwald suggested the 
consideration of the weights of vapor of solvent lost by potash bulbs con¬ 
taining respectively (1) sotution of non-volatile solute of known concen¬ 
tration and (2) pure solvent, when the same current of gas was passed 
through each in series. The development of this apparently simple 
method, which has not even yet been hrought to a form suitable for 
everyday laboratory application, furnishes a most interesting history 
Walker* carried out the method for the solvent water, and states ex¬ 
plicitly that cotton-wool or asbestos plugs, introduced to catch possible 
suspended droplets, worked "more harm than good.” Will and Bredig* 
applied Walker's technique to alcoholic and ethereal solutions, and ptrom- 
ised to develop the method further That they had not done so in the 
interim did not deter Omdorff and Carroll 1 * from making the effort, some 

1 Ann , Phyiik ., 31, 731 (1910). 

* 3 . Fkys, CAem., is, 31S (1907). 

* Ibid ., 14, 489 (» 91 oh 

•This Jouxrm., 36, 793 (1914). 

* Pm. Roy. Soc., 772 (1903). 

* Cf. Perm&n, Uk. at. 

1 Ann , Pkysik ., 41, 588, 770 (1890) 

* Z. pkyt. Cktm., a, 602 {iBSB). 

* B * r „ w, 1084 (1889). 

* J. Pkys. Cium., t„ 753 (1897)- 
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years later, to adapt the method to laboratory practice. Ia discussing 
erratic results, they sense the presence of some disturbing factor otner 
than defective saturation of the air current, and suggest surface tension. 
They promise further work. Speyers, 1 who wished to determine molecular 
weights in water and other solvents, frankly abandoned his unsuccessful 
attempts to use this procedure. But the method is full of fascination, 
and Carveth and Fowler,* in 1904, again made the attempt to improve 
the technique and render the results reliable. They are surprised that 
this method of molecular weight determination has not found favor with 
organic chemists, as it involves only the most common of laboratory ap¬ 
pliances, and they suspect that such others as attempted it with un¬ 
satisfactory results must have failed to publish. Using a series of 3 
water saturator tubes of Benedict’s type* containing glass wool, and later, 
glass beads, they were disconcerted to find the second saturator tube 
gaining instead of losing weight in both instances, while the third, control 
tube, which should have remained constant, lost much more than the 
second gained. The reasons for this behavior should become clear in 
the light of the experimental results recorded below, and one can well 
agree with Carveth and Fowler that the anomaly does not necessarily 
arise from unequal temperature They feared especially that saturation 
had not been attained by previous workers. Although they took pains 
to guard against this source of error, they were much dissatisfied with 
their results, and state that “the subject may be taken up at a later 
date." As in the case of the other workers, however, they do not seem 
to have published further results. 

In regard to the completeness of saturation of an air-current of reason¬ 
able speed by water vapor under the experimental conditions that have 
obtained with most workers, it may be stated that the observations of 
Perman,* Lincoln and Klein, 4 Krauskopf 4 and others are altogether re¬ 
assuring. The difficulty has, in reality, lain, not in saturating the gas- 
aiment, but in keeping it saturated until it entered the absorption vessel 

Washburn and Heuse* report the use of no glass wool or other filter 
between saturator and absorber. They evaporated and condensed over 
to g. of water in a 24-hour run, and obtained 0.5% concordance. As is 
Obvious from the curves below, the transfer of such large weights of 
water tends to diminish greatly the error due to premature condensation. 
Their apparatus is somewhat elaborate. 

Brratlc Results in Measurements of Dissociation Pressure.— The 
gas current saturation method has not hitherto had a very wide applka- 

* 3 . Phyi. Chem., 1, 7 66 (1857), 

* ibid., 8, 313 (1904). 

* Am . Chem /„ 33,33ft (1900) 

4 Lae. tit 

* This JorrajsAi.. 37, 309 , 
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tion in this field, and it is, therefore, gratifying to observe the very recent 
studies made by Baxter and Lansing 1 of the use of this method. The 
writer also hopes to report his own procedure in the near future. Sur¬ 
face condensation of vapor is less to be feared when the vapor Is not 
saturated, and reference will, therefore, be made only to the work of 
Partington 1 and Tammann. 3 Each of these workers passed the same gas 
current through (i) powdered salt hydrate, (2) absorption tubes, (3) 
pure water, and (4) again absorption tubes, and, from the relative weights 
of vapor absorbed, obtained the relation between the dissociation pressure 
of the salt hydrate and the vapor pressure of water at the same tem¬ 
perature. The surface absorption error is here likely to be incident to 
the gain in weight of (4). 

In 3 scries of experiments on the same salt hydrate, barium chloride 
dihydrate, Partington obtained average results differing by 4.6^. Part¬ 
ington appreciates the discrepancy, but offers no explanation of it other 
than a mention of “irregularities.” Scrutiny of Partington’s description 
and diagram of his apparatus reveals the utilization of a plug of glass 
wool between the water saturator and the water absorber, which was 
not weighed with the latter As the 2 series of experiments were appar¬ 
ently separated by a considerable interval of time, the simple explana¬ 
tion, in the light of the data given below, is that the content of water on 
the surface of the glass wool had changed in the meantime. This explana¬ 
tion is the more probable by reason of the very small total weights of water 
that passed over the glass wool—less than 4 centigrams for the sum of the 
earlier series of 7 experiments—in marked contrast to the use of over 10 
g. per experiment, with no glass wool, in the work of Washburn and Heuse. 

The lack of uniformity in Tamman's results may hare other causes,* 
but he employed an asbestos filter for his air-current of 100% humidity. 
Asbestos is a very much less uniform material than even glass wool, so 
that it is hard to establish a normal behavior for it that would apply 
to past performances of other samples. It is hoped, however, that the 
simple findings reported below may serve to remind other workers to be 
on their guard in using it in similar cases. 

Condensation of Water Vapor on Glass Surfaces.—References to the 
literature of this subject may be found in tire writings of Freundlich, t 
'Pettijohn* and others. The investigators there referred to, however, 
were especially careful to clean their experimental glass surfaces, whereas 
those workers who have used glass wool plugs incidentally to gas current 

* Tara Journal, 43, 419 (1920). 

* /. Cheat. Sae.,99,486 (1911). 

♦da*. Pkytik., jii j 32 (1888). 

* Ct. Cwupbefl, Trans. Faraday Sac ., 10, rp? (1914), 

* KaptUarckemie. 197, 383 (1909). 

* Tma Journal, 41c, 477 (1*19). 
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saturation measurements refer to its use only casually, and in no case give 
details as to its history, character or treatment. With a view, therefore, to 
explaining such anomalous results as those referred to above, it appeared 
to be desirable to obtain data as to the fraction of the weight of saturated 
water vapor passing over it that is taken up by “ordinary" glass wool, 
and also by asbestos, under the customary conditions of such experiments. 

Experimental Procedure.—Much depends on what treatment a 
sample of glass wool must receive in order that it shall be considered 
representative. Some might reason that, for the present purpose, and 
in the absence of any statement by the users as to special treatment, 
glass wool was normal and representative of its kind simply as received 
from the dealers. Even Druckcr and UUman, 1 in a research on the 
Surface effect of glass in vapor density determinations, do not mention 
Washing or steaming their glass wool, but merely drying it. For the pres¬ 
ent work, however, what was done vias to place the glass wool in a small 
calcium chloride tube, to treat it for 10 minutes with a rapid current of 
wet steam at ioo°, to wash it very' thoroughly with distilled water, and 
finally to dry it at 250° for 10 minutes m a current of air. In view of 
the findings of Sherwood, 1 it was judged unfair to dry at higher temper¬ 
ature The glass wool was of recent American purchase, and of unknown 
history and kind. Of the two samples available, "coarse” and "fine” 
respectively, the coarse variety was selected. 

A specimen was prepared for measurement by approved though labor¬ 
ious sampling methods, and the diameters of 30 fibers measured under 
a microscope with eyepiece micrometer whose readings were evaluated 
by a Stage micrometer ruled directly on glass. Photographically repro¬ 
duced stage micrometers are often several per cent, in error, and, in 
view of the wide variation of fiber sizes and consequent unavoidable un¬ 
certainty of average diameter, it was especially undesirable to inject any 
gratuitous source of error. The average diameter was 0.00308 cm., with 
a ‘ standard variation” of o 00084 cm-, giving the mean error of the mean 
as 0.00015 cm. The diameter of the glass wool fibers used by Drucker 
and Ullmann* was 0.0019 cm.; by Parks, 4 0 00175 cm.; and by Leech and 
the writer in 19x2, 0.0032 cm. 

Assuming that all the surface of the glass wool is cylindrical and that 
the density of the glass is 2.60, one may compute that the surface of the 
glass wool used was about 650 sq. cm per gram. The weight of glass 
wool used was 1.837 g-> and the total glass surface within the calcium 
chloride tube was thus about 1230 sq, cm. 

1 Z. phys. Ckem , 74, 567 (i 9ro ) 

* This Journal, 40, 1645 (i 9I g) 

4 Lot. til. 

4 ftei. Mag., (fcI 5, ji 7 (1903). 
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Air saturated with water vapor at 22 0 was aspirated through this glass 
wool tube, Mid the issuing water vapor collected in weighed absorption 
tubes. In saturating the air, it was especially necessary to avoid bub¬ 
bling and consequent possible air-suspended droplets. For this reason, 
saturators somewhat of the Kalilenberg 1 type were utilized, and the 
cotton wool filtered air was aspirated over the surface of distilled water 
that half filled 3 horizontal tubes in series, each exposing a surface about 
5 X 25 cm., kept practically stagnant. Thence the air passed into a 
conical flask, containing a few mm. depth of distilled water, above which 
the glass wool tube was supported All 4 vessels were completely sub¬ 
merged in a very well-stirred water thermostat tank. A number of runs 
were made, each lasting from 3 to 30 hours; and from the gains in weight 
of glass wool tube and absorption tubes were computed in each case (A) 
the percentage of the total water vapor concerned in each run that was 
retained by the glass wool tube, (B) the weight of water, in mg. per sq. 
cm. of glass surface, present at the middle of each run, and (C) the weight 
of water vapor in g. that had been concerned since the beginning of the 
first run until the middle of the run in question in building up the water 
found in B. 

Experimental Findings. Case of Glass Wool.—The results of 8 runs 
are tabulated below, using the above notation • 

Tabx.b I. 

Condensation of Saturated Water Vajwi on Glass Wool at 22 ". 


litm ABC 

Rim No per tour. Vi> oik /cun* O. 

j. 38 13.9 O 012 O »o 6 

2 . 19 4 56 o 038 o 597 

3 . 1.0 2 71 o 056 j .29 

4 . 7 4 1 -59 0.076 2.67 

5 . u 8 0 92 o 095 4 45 

6 . 5.8 0.64 o 107 6.J1 

7 . 9 7 o 79 o 118 7.77 

8 . 40 079 0.127 9 15 


Fig. i shows these results graphically in 2 curves, AB and BC, in which 
the values of B are abscissas in both cases. As the points observed fall 
reasonably well on smooth curves, it is evident that the speed of the 
air current, within the limits tabulated, exerts little influence on the 
results. No comment is necessary cm the magnitude of the errors to 
which in this case, surface condensation is thus seen to give rise, for the 
figures speak for themselves. The film of condensed water in Run S is 
obviously about 1.27 microns thick, and can hardly be regarded as an 
"adsorbed" layer in the usual sense. 

An additional datum may be drawn, in confirmation, from the careful 
1 July 11,1903. 
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woric of Berkeley and Hartley. 1 In their earlier measurements of the 
vapor pressure from water, these observers invariably found that their 
absorption tube gained less water vapor than was lost by the tubes sup¬ 
plying the vapor—by 0.37% in an experiment at 19 0 which they quote 
as typical. In their still more elaborate later work,* they sought to 
minimize the amount of this troublesome discrepancy, and were led to 

adopt a removable 
^ form of connecting 

* tube, to join the 
; water saturator with 
e its absorption tube. 

% Tills connecting tube 
S „ could thus be weighed 
'i g for itself, and uivari- 

* ¥ ably gained weight in 

J «, each experiment- In 
5 the only example 
S' cited, carried out at 
| 30°, the tube gained 

2 0.17% of 2.84 g. of 

saturated water vapor 
0 that passed through 

B. Milligrams condensed water por -square cm glass surface. in 24 hours Esti- 
Fig. 1 — Relation of weight of water condensed On glass [0 mating, from tilt’ ex- 
(A) and fit) eellent drawing, the 

area of the inner surface of the tube at 10 sq. cm , one would obtain an 
abscissa of 0.48 mg. for a point on curve BC, with an ordinate of 35a It 
is well worth remarking that such skilful workers, using no glass wool and 
dealing with considerable weights of water vapor, ;ire seriously but un¬ 
avoidably inconvenienced by the condensation of saturated water vapor 
cm the inner walls of a carefully cleaned short plain glass connecting tube. 

Case of Asbestos.—As already indicated, it appeared hopeless to 
obtain what might be regarded as an average sample of asbestos on ac¬ 
count of the enormous irregularity in several respects of various samples. 
A specimen of ackl-washed asbestos "for Gooch crucibles” was steamed 
for 30 urinates, soaked in water overnight, washed with distilled irate* 
and dried in its calcium chloride tube in an air current with gentle heat 
Comparing the weights of water condensed by one gram of asbes¬ 
tos and of glass wool on treatment at 22 0 with 0.63 and 2.44 g. of sat¬ 
urated water vapor respectively, the asbestos took up 32% and 28%, 
respectively, as much water as, according to curve BC, would be taken 
* Proc. Roy Soc. {London), 77,156 (1906). 

*T«mw. Roy. Soc. (London), 309A, 177 (1909). 
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up by each gram of glass wool under like conditions. This points to a 
qualitative agreement in behavior of asbestos and glass wool. 

Summary. 

The condensation of water from its saturated vapor in air on a steamed 
and water-washed glass surface and on an acid-washed, steamed and 
water-washed asbestos surface has been investigated under the condi¬ 
tions that have prevailed with many users of the gas-current saturation 
method of vapor pressure measurement. The amount of this condensa¬ 
tion has been found to be sufficiently great to largely account for unex¬ 
plained irregularities reeotded in the literature of measurements by this 
method. 

PltNCITfiM, N J 


ICoNTKIRl'TlON PROM THE DEPARTMENT OF CHEMISTRY OF CORNELL UNIVERSITY'.j 

A SEARCH FOR AN ALKALI ELEMENT OF HIGHER ATOMIC 
WEIGHT THAN CESIUM. 

Hr I, M Dennis and R W. G. Wvckofp 

fttccHcd Mtr.li 22, 

As a result of his study of the X-iay spectra of the elements from alumi¬ 
num to gold, Moseley 1 assigned atomic numbers to the elements, begin¬ 
ning with 13 for aluminum and dosing with 70 for gold. He found known 
elements to correspond rutli all of these numbers except 3, and hence con¬ 
sidered that there are probably 3 undiscovered elements between aluminum 
and gold. Siegbahn and Friman* extended the work of Moseley to the 
series of elements from tantalum to uranium, and found 3 unfilled places 
between polonium, atomic number S4, and radium, atomic number 88, 
The element with an atomic nutnl>er of 87 would lie to the left of radium 
and would fall in Group 1 under cesium. 

Search for this clement, which may provisionally he termed eka-cesium, 
has already been made by Richards and Archibald, 3 and by Baxter. 4 
Richards and Archibald subjected 150 g. of cesium dichluro-iodide to 
fractional crystallization with the object of concentrating eka-cesium, if 
it was present, in the fractions at one end of the series. Baxter frac¬ 
tionally crystallized a large amount of cesium nitrate. Neither investiga¬ 
tion gave indication of the presence of a higher analogue of cesium. 

It seemed derirab'e that further search for this eka-oesiura be made, 
and that there lie employed methods of fractionation involving the use 
of salts of cesium showing greater differences of solubility than do the 

1 Phil, Mag., 27, 704 (1914b 
'Ibid., 32, 39 < 1916b 
* Prar. Am. Acad,, 38, 443 (1903b 
‘Tins Journal, 37, *86 (1913b 
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dichloro-iodides or the nitrates. The solubilities of the nitrates of the 
alkalies are stated 1 to be as follows: 

Part* soluble in 100 parts water 

KNO,. 13 3 

RbNO». 20 1 

CsNOi. jo 58 

If these values are correct, the nitrate of eka-cesiuin may be more solu¬ 
ble or less soluble than cesium nitrate; this uncertainty, together with the 
fact that the nitrates do not greatly differ in solubility, would render the 
search for the missing element more difficult than in the case of com¬ 
pounds of steadily progressing and markedly different solubility. 

Experimental. 

About 3500 g. of selected pollucite, containing over 30% of cesium 
oxide, was finely pulverized and was placed in large flasks that were fitted 
with reflux condensers Cone, hydrochloric acid was added, and the con¬ 
tents of each flask was heated until decomposition of the mineral was 
complete, which required from 30 to 40 hours. The solution was diluted 
with water and was filtered The filtrate was rejidered slightly alkaline 
with ammonium hydroxide, and ammonium carbonate was added. The 
precipitate, which consisted chiefly of aluminum hydroxide and the car¬ 
bonates of the alkaline earths, was removed by filtration, and to guard 
against possible loss of eka-cesium in this precipitate it was dissolved in 
sulfuric add, and the alums which were thus formed were fractionated 
by evaporation of the solution to crystallization, discarding the mother 
liquor, dissolving the crystals in a small amount of hot water, cooling un¬ 
til crystals once more separated, and again discarding the mother liquor. 
This process was continued until the ammonium alum had been removed. 
The residual alums were later united with the alums from tlic sulfates, 
and were subjected to fractional solution, as will be described under D. 

The filtrate from the predpitation of aluminum and the alkaline earths, 
which contained about 1250 g. of the alkalies as chlorides, was evaporated 
on the water bath to small bulk and the chlorides were then fractionally 
predpitated. 

Throughout the whole investigation an arc-spectrum photograph was 
made of every fraction obtained by the various methods that are described 
below, and no material was in any case discarded until a photograph of 
its arc spectrum had carefully been studied. 5 

A. Fractional Precipitation of the Chloride* of the Alkali es 

The solubilities of the chlorides of the alkalies are stated* to be as fol¬ 
lows: 

1 Comey, "Dictionary of Chemical Solubilities.” 

* The arc spectra disclosed the presence in the mineral of aa appreciable amount 
of vanadium. 

* Comey, ibid. 
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Parts In 100 psrt, of water 

At 

LiCl.,.. 

63 7 

0° 

NaCl... 

35 7 

0“ 

KOI.... 

28 J 

0° 

RbCJ.... 

. . 76 38 

1- 

CsCl ... 

Very deliquescent 



These data indicate that eka-eesium chloride would be more soluble in 
water titan any other of the alkali chlorides, and that it would be concen¬ 
trated in the more soluble portions if the alkali chlorides were subjected 
to systematic fractional precipitation. To this end, hydrogen chloride 
was passed into the saturated solution of the chlorides (No. 1 in the scheme 
shown in Fig. i) until about 20 g. of the chlorides was precipitated. These 
crystals (2) were removed by filtration and were then dissolved in a little 
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water and again precipitated by hydrogen chloride, yielding crystals {4) 
and mother liquor (5). 'Hie filtrate (3) from the first crop of crystals 
was treated with hydrogen chloride until a further precipitate (6) of about 
20 g. of the chlorides resulted. Filtration yielded precipitate (6) and 
mother liquor (7). Precipitate (4) was dissolved in a little water and 
again precipitated. (5) and (0) were combined and precipitated. The 
fractionation was continued until 100 cc. of a saturated solution of the 
most soluhle chlorides remaiued. 

M the fractionation proceeded, it became necessary to concentrate 
the solutions. Bailey has stated* that when a solution of one of the alkali 
chlorides is boiled, a small amount of the salt passes off. The loss in the 
rase of cesium chloride was said to be greater than with potassium chloride. 
Washburn and Millard, on the other hand, found that there was no loss 
of cesium chloride when its aqueous solution was subjected to prolonged 
boiling.* To avoid any possibility of the loss of cka-cesium, however, 
» /. Cktrn . Soc ., 65, 443 (1894) 

’ This Journal, ,w. 6qi 
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the concentration of the solutions during the fractionation was carried 
on under diminished pressure and the distillates were collected in flasks 
that contained cold water. 

This fractional precipitation of the chlorides did not yield complete 
separation even of lithium from cesium, for the spectrum photograph of 
the final, most soluble portion showed that lithium was present. 

Yet eka-cesium might be expected to be concentrated in this most solu¬ 
ble portion, and consequently this material was converted to perchlorates 
and was treated as described under B, 

B. Fractional Solution of the Perchlorates of the Alkalies. 

The saturated solution of the most soluble chlorides, mentioned in the 
preceding paragraph, amounted to about 100 cc Perchloric acid was 
added in slight excess to */* this solution and the resulting precipitate of 
the alkali perchlorates was then subjected to fractional solution, first 
with portions of cold water and later with portions of hot water. About 
300 cc. of water was used in each fractional treatment and the precipitate 
and the water was in each case thoroughly stirred by a current of air. The 
solution was then decanted from the precipitate and the residue was 
again treated with water. 

This fractional solution of the perchlorates was continued until the 
residual, least soluble portion had been reduced to about 10 g. Arc- 
spectrum photographs of this residue in the red, the visible, and the ultra¬ 
violet fields showed the presence of cesium only. 

C. Fractional Crystallization of the Sulfates of the Alkalies. 

The solubilities of the sulfates of the alkali metals are stated 1 to be- 

Parts in 100 parts water At 


LisSO«. 35*54 0° 

Na»SO<. 50.2 o'; 48 parts NajSO, ioHjO at 

18' 

Tl£Ot .. 21 1 i*,', less at AijjAer trmp 

(NHi)iSO,. 70 o o' 

. 85 <>° 

RbiSO«. 42 4 ,o° 

CsjSCh. 138 7 —j- 


These data would lead one to expect that if the sulfates were fractionally 
crystallized, the sulfate of eka-cesium would be concentrated in the most 
soluble portion. 

All of the material containing the alkalies that had been extracted 
from the poUucitc, with the exception of the small amount of alums men¬ 
tioned on page 986 and the small amount of the chlorides used for the 
perchlorate fractionation were united. A small portion of this material 
containing the alkalies chiefly as chlorides was heated with cone, sulfuric 
1 Comey, ibid. 
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acid under reduced pressure in a dosed apparatus, and the hydrogen chlor- 
ride that was evolved was absorbed in water. This solution was examined 
for the presence of metallic chlorides to ascertain whether any cesium 
chloride (or eka-cesium chloride) passed off with the hydrogen chloride. 
No metallic chlorides were found in this solution and consequently all 
of the material was then converted to chlorides by adding cone, sulfuric 
acid to it and heating the solution until the hydrogen chloride was ex¬ 
pelled. The sulfates in this resulting solution were then fractionally 
separated by crystallization by successive concentrations of the solution. 
Thallium sulfate appeared first in the least soluble fraction, together 
with small amounts of the sulfates of potassium, sodium, and rubidium, 
these being followed by large amounts of ammonium sulfate. This frac¬ 
tionation was continued until about 200 ec of a saturated solution of the 
sulfates remained. The arc-spectrum photograph of the salt in this solu¬ 
tion showed that only cesium was present. 

D. Fractional Solution of the Alums of the Alkali Metals. 

The solubilities of the aluminum alums of potassium, ammonium, 
rubidium and cesium are stated 1 to lie as follows: 



l'art r 111 100 paftA water 

Al 

Potassium alum. 

J3 5 

.7° 

Ammonium ** 

8 74 

17 5 

Rubidium “ 

2 27 

17° 

Cesium “ 

0 619 

17° 


It is dear from this tabulation that the alum of eka-cesium would be 
less soluble than that of cesium and would probably be but very sparingly 
soluble in water The solution of the last fraction of the sulfates from C 
was diluted and a saturated solution of aluminum sulfate was added in 
slight excess. This caused immediate precipitation of the alums in 
bulky form. The total weight of this precipitate was more than 
inoo g. These alums were then fractionally dissolved by beating the pre¬ 
cipitate with successive portions of water and vigorously stirring the solu¬ 
tion and precipitate together while the liquid was cooling. This stirring 
was necessary to destroy the supersaturated solutions that these alums, 
particularly cesium alum, readily tend to form One liter of water was 
used in the first extractions and as the amount of the residual alums 
gradually decreased the portions of water for the successive treatment 
were lessened until toward the end 100 cc. was used. After each frac¬ 
tional solution the cold mother liquor was poured off and the residual 
alums were treated with a new portion of water. The arc-spectrum 
photographs of the final residue showed only cesium to be present 

Summary. 

The alkalies from 3500 g. of pollucite were subjected to fractionation; 

A. By precipitation of the chlorides with hydrogen chloride. 

1 Comey. ibid. 



NOTE. 


B. By solution of the perchlorates. 

C. By crystallization of the sulfates. 

D. By solution of the alums. 

In these several processes those fractions in which the higher analogue 
of cesium, eka-cesium, might be expected to be concentrated were ex¬ 
amined by means of the arc spectra of the solid material in the red, the 
visible, and the ultra-violet portions of the spectrum. In no case were 
there indications of the existence of eka-cesium. 

Ithaca N Y 


NOTE. 

Correction. —Dr. F. H. MacDougall has kindly called my attention 
to the fact that several errors occur in the article entitled The Form of the 
Conductance Function in Dilute Solutions, which appeared in the Jan¬ 
uary, 1920, number of This Journal 
Equation VTI should have been written in the general form 
dA _ CA dK' __ 1 
d(CA) K" d(CA) A"' 

Equation VII is in general a limiting form of this equation, which is ap 

, , . , , dK' . 

preached as the concentration decreases .\s long as -- remains 

d(C\) 

finite, it follows that the first term of the right-hand member will disap- 

dK* 

pear at the concentration C = o. In case, however, that —■— ap- 

d(CA) 

preaches infinity as the concentration approaches zero, the expression be¬ 
comes indeterminate. In general, however, we may expect that this 


term will approach zero in the limit. If the value of 


tuted from Equation XV we obtain the expression 

dA _ Dnt(CA) m _1 

K' 
dK 


dK' 

d(CA) 


be substi- 


d{CA) A ,J .V 
from which it follows that even though 


becomes infinite as the 


d(CA) 

concentration approaches the value zero, the term as a whole approaches 

the value zero and —— ■■■ approaches the value ——, Equation VIII was 

d!CA) K' 

intended to be written in the form 

d\\ m dK'/d(CA) 
d(CAY m K'* 

but it is very doubtful whether this relation would be approximated even 
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at low concentrations. The general conclusions of the paper are not af¬ 
fected. 

The most general expression for the first differential coefficient is 
dA A- fCA dK' 1 


tca 

:'L K" 


d(CA) ASK’lK’ d{CA) 

At low' concentrations the A ,C A-curve will cut the A-axis at an angle 
1 


whose tangent is equal to - 


K’ 


At higher concentrations the tangent to 


the curve will decrease because of the increase in the \ alue of K', as well as 

dK* 

the increase in the value of the term involving-. The curve will, 

d( LA) 

therefore, be convex toward the C-axis in dilute solutions. It is not possi¬ 
ble to follow up the form of this curve readily at higher concentrations 
without introducing the equation for the conductance function. If the 
function XIV is introduced, we have the equation 

d(L: 

d\ 

So long as »i < 1. ——— will always have a negative value which de- 
J(CA) 7 


-- --- l-- 

A = A J r_^ _niA '1 


creases with increasing concentration When m > 1, 


dA 

d(CA) 


will pass 


through zero and thereafter become positive at higher concentrations, 
which corresponds with the form of conductance curves such as we have 
them in solvents of low dielectric constant. C. A. Kraus. 


W obchstkk Mass 
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POSITIVE HALOGEN IN ORGANIC COMPOUNDS. IODINE IN 
DI-IODOACETYLENE AND CHLORO-IODO-ETHYXENE. 1 

By Llchtj B Howell, with William A Noyes 

Received February J, 1920 

For a number of years chemists have recognized the fact that certain 
organic halogen compounds, e. g„ those in which a halogen has replaced 
a hydrogen atom of any of the groups - —NHj, >NH, or —OH, exhibit 
extraordinary activity. Unlike the halogen of the ordinary types of alkyl 
and acyl halide linkage, which are reduced with more or less difficulty, 
the halogen of the above-mentioned types shows actual oxidizing power 
in the presence of such reducing agents as aqueous solutions of ferrous 

1 An abstract of a thesis submitted by Mr. Howell in partial fulfilment of the 
requirement* for the Degree of Doctor of Philosophy in the Graduate School of the 
University of Illinois. 
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salts or metallic iodides. In addition to this exceptional property such 
compounds as a rule are unstable when isolated and many decompose 
■with explosive violence. These peculiar properties have so far not been 
satisfactorily explained. 

Inorganic halogen compounds which are similarly unstable and of oxi¬ 
dizing properties arc the halogenated ammonias, nitrogen tricnlorile and 
nitrogen iodide The work of Chattaway, 1 Orton, W A. Noyes, 1 and 
others with these compounds has led to a satisfactory explanation of their 
behavior by the assumption that the halogen is combined as a positive 
atom and not negatively as in ordinary chlorides, bromides and iodides. 
Certainly no more reasonable explanation has so far been advanced. 

It was our purpose in this investigation to determine whether or not a 
similar explanation might be made for the behavior of certain halogen 
derivatives of acetylene. In addition to the types of linkage mentioned 
above we have the ~ C — X linkage which gives relative instability to the 
molecule and, it will be shown, possesses oxidizing properties. Just as 
for many cases in the groups — NH>, > Nil, and —OH the hydrogen atom 
maybe replaced by cither metals or halogen, so in acetylene or the mono- 
substituted acetylenes we have hydrogen replaceable bv either metals or 
halogen. And since both the original hydrogen atom of acetylene and 
the metal of the acetylides or carbides are undoubtedly positive, it would 
seem a reasonable inference that the chlorine of chloro acetylene atid di 
chloro-acetylene, the bromine of bromo-acetylene and dibromo acetylene, 
and the iodine of iodo-acetvlene and di-iodo-aeetylene are likewise of a 
positive nature. 

Since it is relatively the most stable of the (i known halogen substituted 
acetylenes and the easiest of preparation, di-iodo-aeetylenc has been in¬ 
vestigated first for those properties which might indicate the nature of 
the ™ C-hal. linkage. Certain of the properties of this compound at¬ 
tributed by Nef* to the existence of bivalent carbon in the molecule are 
better explained by the assumption that the iodine atoms are positive 
in nature and the carbon quadrivalent 

Di-iodo-acetylene when warmed with a neutral or faintly acid solution 
of potassium iodide or simply allowed to remain susjiended in such a solu¬ 
tion for a short time lilierates free iodine and acetylene is regenerated. 
The rate of the reaction is very slow unless an excess of potassium iodide 
is present and a trace of acid added to neutralize the alkali formed in the 
reaction 

I — C * C — I + allOH + zKI H — C^C — Ii + 2KOH + al*. 
If the iodine be taken up by titration with sodium thiosulfate it is es- 

* S° c < 7 °I 1572 (1*96); Am. Client. J „ 23, 363 (1900); 34, 139 (1900). 

, This Jooknal, aa, 460 (lyii); 35, 767 (19,3); 3^^ (, 9 , 7 y 

* Ann., 2gS,lnjJt8gj). 
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peciaUy noticeable that the end-point of the titration is very indistinct, 
more iodine being liberated almost instantly as the equilibrium is dis¬ 
placed. It is difficult to adopt any explanation for this reaction other 
than that both iodine atoms of di-iodo-acetylene are strongly electro¬ 
positive and capable of taking up 2 electrons each. That dibromo-acetylene 
and dichloro-acetylene recently prepared and described by Boeseken and 
Carriere 1 would show the same reaction even more markedly would be pre¬ 
dicted from their relatively more unstable character. Experiments to 
test out these predictions are now in progress. 

As a further indication of the posith e character of the iodine atoms of 
di-iodo-acetylene, attempts hare been made, first, to prepare it by means 
of iodine monochloride and, second, to prepare nitrogen iodide from di- 
iodo-acetylene by the action of ammonia. Since iodine monochloride and 
nitrogen iodide are both compounds containing positive iodine these re¬ 
actions would furnish considerable evidence in the matter. 

Iodine monocliloride, however, as is well known, reacts by addition 
upon acetylene itself and this has lieen found to occur both in and out of 
solvents. The product always obtained is i-chloro-2-iodo-ethylene as 
first shown by Plimpton.* The action of iodine monocliloride upon 
metallo derivatives of acctjlcne however yields better results Iodine 
monocliloride with calcium carbide and with copper acetvlide forms di- 
iodo-acetylene. 

2 ICI -f CaCs —*► Cl s Cl i CaCl, 

2 ICI + Cu-Cj —> Cl ~ Cl 4- CuiCl.. 

The reduction of di-iodo acetylene by ammonia has not been accom¬ 
plished. The reaction has been tried out in aqueous and in ether solution 
and in the absence of any solvent, employing liquid ammonia itself (in 
which di iodo-acetylene is readily soluble). The conditions of tempera¬ 
ture and of pressure were likewise varied but in no case could nitrogen 
iodide be isolated as a product although the formation of traces of acetylene 
could be shown. This result might be predicted, however, since it has 
recently been shown by Datta and Prasad 1 that nitrogen iodide is an ex¬ 
cellent iodinating agent for acetylene and gives practically quantitative 
yields of tetra-iodo-ethykne. This reaction would thus seem to be only 
slightly reversible. 

In his well-known article on ‘'Die Chemie des Methylens,” Nef 4 has 
drawn the conclusion that di-iodo-acetylene and iodo-acetylene and the 

> Vet slat- Akad , Wetenschappen, Amsterdam, 22, 11S6-S8 (1914); C A. 8, 3296 

1 J, Chtm, Set., 41, 392 (i88j! 

* This Journal, 39,431 (i«i7k 

* Uc. rit. 
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other halogen substituted acetylenes must possess the acetylidene struc¬ 
tures: 



Di-iodo-acetylene lodo-acetyleue 

He based this conclusion in part upon the ease with which these com¬ 
pounds add bromine and hydrobromic acid and with which the products 
decompose again to give the original iodo- or di-iodo-acetylene. The 
possibility that these additions might lie on the iodine seems not to have 
occurred to Professor Nef. The reactions with halogen in molecular pro¬ 
portions could be expressed without assuming bivalent carton by the 
equations 



1 

u 

111 

O 

1 

- I + Br.. —*• I - 

c — c — ic 




X Br 

and 

I — C ss C - 

l>rv 

- H + Br, — ► 

\ - C - C — 11 


Hi 


That is, the positive nature of the halogen atom as shown by its tendency 
to become trivalent might account for the formation of lodnbromides as 
well as for the production of an iodochloride. In fact it is not entirely 
improbable that the compound C-I’Br-, assumed by Professor Nef to be 
un symmetrical. 




I 

I 


is in fact the compound, 



formed as a secondary or rearrangement product of the first reaction given 
above. The explanation for the formation of 



as a secondary or rearrangement product in the chlorination of di iodo- 
acetylene as given below is an analogous case. The poisonous character, 
disagreeable odor and irritating effects of the vapor of di-iodo acetylene 
attributed by Nef to the presence of dyad carbon may possibly be due to 
positive or unsaturated iodine. The markedly poisonous character of the 
compounds nitrogen trichloride and nitrogen tri-iodide ammonia is well 
known. Moreover if we were to admit the compound Cjl, to be di-iodo- 
acetyhdene, the structure of the iodochloride (described below) formed by 
the action of chlorine must be 
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Cl Cl 



I 


This is highly improbable since we must assume 5 halogen atoms con¬ 
nected to one carbon atom adjacent to a bnalcnt and, therefore, very reactive 
carbon Moreover the decomposition of this iodochloride to give 1,2- 
diehloro-i,2-didodo-ethylene, 


Cl 


\ /° 

> = < - 
V M 


would lie very difficult to explain. 

Although it cannot yet be considered as established that the more 
strongly elertro]K>siti\ e an iodine atom is, the more readily it adds chlorine 
to give an iodochloride, yet some evidence as to this point might be found 
in the fact that di-iodo-acetvlene reacts with chlorine giving iodochloride- 
1 -chloro-2,2-chloro KK.k)-tthylene, Biltz 1 has reported that the product 
of the reaction of chlorine upon di-iodo-aeetylene is hexachloro-ethane. 
It has been found, however, that the primary product of this reaction is 
the iodochloride - 

Cl\ 

>r — c = c — i 
<v • ; 

Cl Cl 

This compound is formed even at ordinary temperatures m any of the 
solvents; ethyl chloride, ethyl bromide, cliioroform or petroleum ether, 
and, although with much difficulty, can tic isolated and analyzed. It is 
relatively quite unstable and decomposes in a short time with the evolu¬ 
tion of heat. The conclusion of Biltz 2 that hexachloro-ethane is the 
product of the action of chlorine upon di-iodo-acctylene was based upon 
his observation of the final result of the reaction Both iodine atoms are 
ultimately replaced and the bonds between the carbon atoms saturated 
by chlorine if the latter be allowed to react indefinitely. Hexachloro- 
ethane, however, is formed not bv direct replacement of the iodine but 
by an addition to iodine first and probably the subsequent splitting out 
of iodine monochloride. In repeating Blitz's experiment, passing chlorine 
into a chloroform solution of di-iodo-acetylene (at room temperature) 
the iodochloride was observed to form instantly and in quantity as long, 
yellow needles, but in a short while these disappeared entirely and the 
solution became a deep brown color due to iodine monochloride. On 
continuing the current of chlorine deposition of crystals of iodine trichlo- 

1 Her., 30, uor (1897). 

* Lot. at 
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tide occurred and the filtrate when evaporated gave an excellent yield of 
beacachloro-e thane. The course of the chlorination is probably 


I-CsC-I 




Cl, 

-► I - C C - I-► 

! I 
a ci 



i i 

Cl ci 


Cl 

1 

f 1 

iCh 

I - c- 

- C — I 

—>■ C.CI + 2 f Cl 

I 

1 ! 

1 --'Cl. 

L ci 

U J 

_'ICh 


However, it was not found possible to isolate the first iodochloride repre¬ 
sented in these reactions nor to obtain the symmetrical tetrachloro di- 
iodo-ethane. 

The very unstable character of iodochloride-1 cliloro-’.c chloro iodo 
ethylene makes it impossible to keep it, even in the dark and at tempera¬ 
tures obtainable with ice and salt, for more than a few minutes Its 
analysis, necessarily difficult in itself, is also further complicated by 
the possibility of kexachloro-ethane and iodine trichloride being present. 
Satisfactory results are obtained when the compound is prepared from 
an excess of di-iodo-acetylene in ethyl chloride at —iy° to - m° in the 
dark, freed from unchanged di-iodo-acetvlene bv washing with ethyl 
chloride and titrated in the presence of caibon tetrachloride bv the iodo- 
metric method . 1 

This gives the percentage of chlorine which combines with the iodine 
The total percentage of chlorine taken up may be determined on small 
weighed samples in a glass-stoppered side-neck test-tube. Analysis of 
the compound by the usual method of Carius is not satisfactory, while 
the method of decomposition with lime or with sodium peroxide tails to 
convert all of the iodine to iodide. The latter result, also the fact that 
iodochloride-i-chloro-2,2-chloro-iodo-ethylene, treated with sodium in 
alcohol yields di-iodo-acetylene again and is not completely decomposed, 
indicates that the iodine in the compound is abnormally unreadive to¬ 
ward those reagents which are generally efficient in breaking the linkage 
between carbon and halogen. Such "inactivity" may denote or be due 
to the positive character of the iodine. In the usual case of carbon halogen 
linkages iodine is more easily removed than chlorine (or bromine) In 
iodochloride-i-chloro-2,2-chloro-iodo-ethylcne and in i,2-dichloro-i,2-di- 
• iod °-ethylene the reverse is true. Nef s noted this same result in the 
case of practically all of the compounds which he derived by addition 
from di-iodoacetylene. Sodium aicoholate, sodium in alcohol, and al- 

1 J. prala. Chtm., Jj] 33, ?5 8 (1886). 

* Lac. cit. 
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coholic potash each reacted to give di-iodo-acetylene in the case of all 
such compounds. Nef naturally attributed it to the comparative stability 
iv ii Aa) 

of the group = as compared with =C\^ . It seems more 

reasonable to regard it as being due to the inherent positive (or 
basic) nature of the 2 iodine atoms. A very similar case in inorganic 
compounds is azoic iodide, X a I. Abegg 1 is authority for the statement 
that the failure of this iodide to react with N*Ag is the result of the posi¬ 
tive nature of the iodine. 

The chief product of the decomposition of iodocliloride-i-cliloro-2,2- 
chloro-iodo-ethylene is 1 2-dicliloro-i,2-di-iodo-ethylene: 



'not previously prepared nor reported in the literature. Much iodine 
uumochlorkle is liberated and traces of a second compound, an iodo-tri- 
chloro-cthilene appear to lie formed. The exact nature of the decompo¬ 
sition K being studied further. The reaction can be shown to take place 
without any evolution of chlorine and indications arc that its course is in 
part probably 

— C -- C — I —*- I - C = C - -1 + I — C C — Cl + IO, 

1 i 1 j : s 

ci ci ci a Cl Cl 

1,2-dichloro-i,2-di-iodo-cthylene when treated with chlorine in ethyl 
chloride or petroleum ether gives also the same iodocliloride, 

CK 

>1 — C — C — I 

CK I ! 

ci a 

us was obtained from di iodo-acetylene. It is always noted that decom¬ 
position of the iodocliloride to give these products occurs only when the 
substance is either enclosed in a tube or left in a mass. Strangely enough, 
if some of the freshly prepared compound be spread out at once in a thin 
layer on a well-cooled porous plate, no darkening occurs and no liquid 
products form. The bright yellow color of the mass gradually fades and 
after about 1V• to 2 hours a nearly white solid remains. This no longer 
smells of chlorine but of di-iodo-acetylene and does not liberate iodine fronp. 
potassium iodide. Reerystallization and qualitative analysis show only 
iodine compounds present, and the m. p. is that of a mixture (72-180°). 
The nature of this decomposition was not studied; it must be complex, 

1 "Handbuch der anorg. Chenue," Abt. j, Ed 3, S. 313. 
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a»volving that of di-iodo-acetylene into tetra-iodo-ethylene noted by V 
Meyer . 1 

While investigating the action of iodine monochloride in hydrochloric 
acid as a solvent upon acetylene, occasion was had to employ crude iodine 
monochloride containing some iodine trichloride. This, in hydrochloric 
arid (i:?) solution was found to yield a small crop of fine, yellow needles 
of what at first seemed a stable substance. When these were removed 
and purification attempted they were found to decompose with the forma¬ 
tion of liquid products deeply colored by iodine monochloride. Pure 
iodine trichloride was then prepared in hydrochloric acid solution and its 
action on acetylene tried out. The lesult was a very good yield of the 
compound, which in this case was purer and stable enough to permit its 
being washed, dried and analyzed Titration by the iodometric method 
showed it to be an iodocliloride and analysis by combustion and the method 
of Carius established the compound as iodocliloride 2-rhloro-ethvlene, 
C 1 ?I — CH = CHC 1 . As prepared by this reaction 

H — C = C — II I Cl. —»- CM - C =- C - Cl 

' i 
H H 

iodochloride-chloro-ethylene is much purer and far more stable than when 
prepared by the method of Thiele and Haakh* from chlorine and i -cliloro- 
2-iodo-ethylene. 

It is of theoretical interest to note here that since iodine in iodine tri¬ 
chloride is positive and the group -~IClj which adds to one carbon atom 
in acetylene is the positive group, it is very probable that the iodine 
atom of i-chloro-2-iodo-ethylene is also positive. Otherwise chlorina¬ 
tion of chloro-iodo-ethylene would, perhaps, give a different product. 

It is stated by Thiele and Haakh* that this iodocliloride decomposes 
giving chlorine and 1,2-chloro-iodo-ethvlene. The observation has been 
made, however, that here too, as in the case of iodocliloride-i-chloro-2,2- 
chloro-iodo-ethylene, the decomposition occurs without any increase in 
volume and hence with rearrangement. A number of liquid halogen com¬ 
pounds appear to be fanned and a large amount of iodine monochloride 
and free iodine liberated. However, the chief product of the decomposi¬ 
tion has been shown to be 1,2,2-tricliloro-i-iodo-ethane, 

Cl Cl 

' I 

H — C. — C — H, * 

i I 

1 ci 

and no trace of 

l Ber., 19, 1411 (1896). 

* Ann,, 369, 135 (1909); Ckm. ZtrUr., 1909, II, p. *071. 

*lhid., 369, 130 (1909). 
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C 5 — C = C — I 
H H 

has been found. A further study of the minor decomposition products 
of iodochloride-2 -chloro-ethy lene is being made. 

The addition of iodine trichloride to unsaturated hydrocarbons appears 
to be an excellent method for the production of aliphatic iodochlorides 
having chlorine on the fi-carbon and its possibilities are to be investigated 
further. 

Experimental Part. 

Oxidation of Hydriodic Acid by Di-iodo-acetylene.—Di-iodo-acetylene 
prepared according to the method of Dchn 1 was used in all experiments. 
This method of preparation is to be recommended most highly over those 
of the older workers Berend, 1 Biltz s and Nef. J The product is practically 
pure and of sharp m. p. as prepared and the method is so simple and the 
yields so good that it leaves nothing to be desired. 

In a soft, glass bomb-tube 5 millimoles (1.39 g.) of di-iodo-acetylene 
was covered with 10 cc. of N sulfuric acid (». e., 10.0 millimoles) and 10 
millimoles (j 66 g.l of c. p potassium iodide, added. The pressure was 
reduced to 102 mm. and the bomb sealed off at the blast lamp The tube 
was placed in a bomb case and immersed in a gently boiling water bath for 
from 8 to 10 hours. After cooling the bomb was opened by breaking the 
capillary’ within a rubber connection leading to a U-tube holding some 
ammoniacal cuprous chloride solution. The tube was still under reduced 
pressure as evidenced by bubbles of air being drawn back through the 
U-tube. A long glass tube reaching nearly to the liquid was introduced 
through a short length of rubber tubing and the connection made to the 
U-tube at once. On gently aspirating the gases from the bomb a fine, red 
precipitate of cuprous acetyhde was produced in the U-tube The test 
was repe ated employing ammoniacal silver nitrate. The pale yellow pre¬ 
cipitate of silver aeetylide produced was partly dried and exploded in the 
characteristic manner on scraping with a glass rod. 

The solid contents of the bomb after heating had changed over partly 
to a very* dark brown mass of oilv texture smelling strongly of unchanged 
di-iodo-acetylene, but consisting largely of a gray crystalline mass insoluble 
in water, in potassium iodide solution and in petroleum ether. This was 
* exactly similar in all respects to the product obtained by V. Meyer and 
Pemsel* by heating di-iodo-acetylene with water in a bomb. The liquid 
above the solid showed the presence of some free iodine in solution. 

The experiment was repeated and the contents of the bomb after heat¬ 
ing were washed out into an Erlenmeyer flask. Titration of the iodine 

1 This Journal, 33, 1598 (1911). 

• Awt., 135 , 2}7 { 1863 ). 

* Lac. at. 
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freed showed that the reaction had not proceeded far, only i.oo cc. of o.i 
N sodium thiosulfate solution being taken up. The Erlenmeyer flask 
was connected by a stopper and glass tube to a small U-tube holding some 
acetone in the bend ant having its outer arm closed by a Bunsen valve. 
The contents of the flask were now titrated for iodine at intervals for the 
next 11 days. Only a small fraction of a cc. of o. i N thiosulfate solution 
was required at any one time except in one case where the interval was 
6 days, 1.51 cc being required. The end-point was followed each time in a 
few minutes by the color of free iodine. At the end of 11 days when the 
experiment was discontinued a total of 5.62 cc. of o. 1 A thiosulfate solution 
had been added. This corresponds to 0.14 millimole of di-iodo-acetylene, 
assuming that all of the iodine formed came from the reaction 

C5I5 + 2HOH + 2KI —*■ 2KOH -f 2l 5 + CjHj. 

The acetone in the bend of the tube was found to give a positive test 
for acetylene within 72 hours from the time the tube was connected to 
the flask. 

Action of Iodine Monochloride upon Metallo-acetylenes. (a) Upon 
Copper Acetylide. —Pure iodine monocliloride was prepared by buhbling 
chlorine into iodine in a side-neck test tul>e kept at 50-60° above a steam 
bath. When no further absorption occurred the tube was warmed by 
immersing in steam to decompose any iodine trichloride that had formed, 
and the product was then distilled under diminidied pressure. 

Copper acetylide was precipitated by treating ammoniacal cuprous 
chloride solution with acetylene washed by passing in the order given 
through (a) 1:2 nitric acid, ( b) alkaline lead solution, !c) sodium hydroxide 
solution, ( d ) copper sulfate solution. The precipitate was filtered into a 
Gooch crucible, washed thoroughly with water and dried with alcohol 
and ether. 

Iodine monochloride was added slowly a few drops at a time to the copper 
acetylide in the crucible and the mass allowed to stand a few minutes. 
No evidence of a violent reaction was observed. When the excess of iodine 
monochloride had been taken off by water and suction the odor of di- 
iodo-acetylene was very evident. The gray mass was now leached out 
thoroughly with ether, the ether extract decolorized by shaking with 
sodmm thiosulfate solution and dried over anhydrous sodium sulfate. 
The ether was allowed to evaporate and a muddy white residue of charac¬ 
teristic odor was obtained. When taken up in alcohol (warmed to about 
50-60 ) and then diluted with water and cooled, very fine white needles 
of di-iodo-acetylene were precipitated. 

(6) Lpon Calcium Carbide. Ordinary commercial crystalline calcium 
carbide was ground to a fine powder and treated with redistilled iodine 
monochloride a few drops at a time. The reaction was instantaneous 
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but not violent and much iodine was freed. Ether (or petroleum ether, 
b. p. 25-40°) was added and the mass thoroughly extracted- The ether 
extract when decolorized by sodium thiosulfate solution, washed with water 
and dried over anhydrous sodium sulfate, gave nearly white crystals of 
di-iodo-acetylene when evaporated. The characteristic odor of the pro¬ 
duct even while in solution in the ether was quite noticeable. 

Action of Ammonia upon Di-iodo-acetylene. (a) In Aqueous Solu¬ 
tion .—A small sample of di-iodo acetylene was introduced into a bomb 
tube and covered with about 2 cc. of cone, ammonium hydroxide (sp. 
gr. 0.90). The bomb was then sealed off, leaving a one-inch capillary. 
No change was apparent in fhe contents left at room temperature for 15 
days. At the end of that time the bomb was placed in a bomb case and 
immersed in a steam bath for from 8 to 10 hours. As a result of this treat¬ 
ment the di iodo-acetylene had disappeared and been replaced by a dark- 
brown mass. The liquid showed some brown color as of free iodine. 

The bomb was cooled down slowly to about —io° and was opened by 
breaking the capillary' within a rubber connection leading to a U-tube 
holding atmnomacal cuprous chloride solution. No test for acetylene re¬ 
sulted and the tube was under decidedly reduced pressure. 

When the contents of the bomb were removed some of the dark solid 
(smelling strongly of unchanged di iodo-acetylene) was transferred to a 
day plate and dried. It was not explosive by concussion. No nitrogen 
iodide apparently had been formed. 

(ft) In Ether Solution .—About 0.5 g. of di-iodo-acetyleue, dried over 
calcium chloride, was put into solution in 5 cc. of ether in a small U-tube 
and cooled to —8° with a freezing mixture Dry ammonia was passed 
through the solution and the gas beyond allowed to bubble through a 
capillary U-tube containing a few drops of atnmoniacal cuprous chloride 
solution. 

In a short time an unmistakable dark-red precipitate of copper acetylide 
was produced in the outer tube. After a few hours of treatment with 
ammonia a mere trace of a brick-red solid had formed in the ether solu¬ 
tion. When the ether had been decanted and the tube allowed to warm 
up the red solid decomposed rapidly but without explosion Evaporation 
of the ether solution showed a brown-yellow color imparted to the large 
^excess of di-iodo-acetylene which remained. As to the nature of the com¬ 
pound formed in the ether nothing can be said; acetylene was undoubtedly 
formed in small amounts by the reaction. 

In another experiment dry ammonia was passed into a saturated solution 
of di-iodo-acetylene in anhydrous ether under gentle reflux. For about 
V* hour the only apparent change was the yellowing of those crystals of 
di-iodo-acetylene which were deposited about the inside of the delivery 
tube as the rapid stream of ammonia passed in. In the next few minutes. 
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however, a very violent decomposition occurred almost explosive in nature 
filling the flask and connections with a dark, gray-brown deposit This 
was removed and found to be largely iodine, carbon, and unchanged di- 
iodo-acetylene. The mass was entirely inert to concussion. The de¬ 
composition had given rise to no acetylene as shown by a U-tube holding 
ammoniacal cuprous chloride which had been connected to the top of the 
condenser. 

Action of Chlorine upon Di-iodo-acetylene. Iodochloride-i,a-di- 
chloro-2-iodo-ethylene, C1JCC1 = C1C1.— Although other solvents such 
as ethyl bromide, chloroform, petroleum ether and liquid chlorine itself 
axe found to serve, by far the best solvent in which to chlorinate di-iodo- 
acetylene is ethyl chloride. It is not only unacted upon by chlorine under 
the conditions of the experiment but its low, boiling point and the cooling 
effect pioduced by its evaporation are of much advantage. 

Because of the ease with which the product decomposes it was rarely 
found advisable to attempt to chlorinate more than a few g. of di-iodo- 
acetylene at a time In a typical preparation, where the material was 
not to be used for analysis from 3 to 8 g. of di-iodo-acetylene in from 10 to 
20 cc. of ethyl chloride was employed. If the product was to be used 
in an analysis only a few tenths of a gram of di-iodo-acetylene in 1 to 2 
cc. of solvent was used. 

The solution of di-iodo-acetylene in ethyl chloride was poured into a 
test-tube 5 X 20 cm., provided with a 2-hole stopper and delivery' tube 
(funnel-shaped end) and exit tube for the chlorine The apparatus was 
cooled down to from —15 0 to —10° by ice and cone, hydrochloric acid 
and then chlorine (washed with water and cone, sulfuric acid) was passed 
in quite rapidly. A fleeting violet or blue coloration was at first produced, 
which gave way almost at once to a yellow color. In from 5 to 20 minutes 
bright yellow needles began to encrust the inside of the delivery tube. 
These increased rapidly in amount and soon formed a heavy precipitate 
on the sides and bottom of the tube It was usually found best to dis¬ 
continue the chlorination at the first signs of any darkening of the pre¬ 
cipitate in the delivery tube. Otherwise both precipitate and solution 
rapidly turned brown indicating the replacement of iodine and the forma¬ 
tion of iodine monochloride In all cases where the reaction was allowed 
to continue to completion the crystalline precipitate slowly darkened and 
disappeared and was ultimately replaced by a more granular orange pre¬ 
cipitate of iodine trichloride 

To free the crystals from any unchanged di-iodo-acetylene, iodine 
monochloride or hexachloro-ethane, they were washed several times by 
decantation with a small amount of well-cooled ethyl chloride. Material 
thus prepared could be kept in the dark at —15 0 to —io° for from 15 to 
30 minutes. Exposure to light or to wanner air or reduction of the pres- 
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sure (lower than 50 mm.) for more than 4 or 5 minutes brought about 
sudden decomposition and liquefaction. The compound gives an ap¬ 
parent m. p. of 42-43°, probably rather a decomposition point, but spon¬ 
taneous decomposition was found to occur, seemingly unprovoked by 
external conditions, at lower temperatures The crystals were rather 
soluble in ether and alcohol (with some decomposition) but relatively 
insoluble in the solvents: chloroform, carbon tetrachloride, petroleum 
ether (b, p. 25-40°, also of b. p 45-65°), ethyl bromide and ethyl chlo¬ 
ride 

For the titrations the material as prepared above was used. A well- 
cooled tared glass spatula was employed to remove a small sample in a 
thin layer It was held for from 30 to 40 seconds in the air (and dark) 
to permit any ethyl chloride to evaporate and then the sample and spatula 
were immersed in a weighed Erlenmeyer flask or large test-tube containing 
a small amount of carbon tetrachloride under potassium iodide solu¬ 
tion which had been cooled to 0°. The gam in weight was taken as soon 
as the solution vras at room temjierature again and the iodine freed was 
titrated with o t A T sodium thiosulfate Results: 
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Unless great care was taken to have the compound mixed thoroughly 
with the potassium iodide and carbon tetrachloride at once the avail¬ 
able chlorine found was always lower than the theoretical Rearrange¬ 
ments as already' discussed evidently occurred. 

For determining the total chlorine and the iodine many analyses by 
the methods of Carius, of decomposition with lime, and by sodium per¬ 
oxide fusion were carried out. All were found to be unsatisfactory on 
account of the diflicultv in weighing the sample without decomposition 
or the failure to convert all of the iodine to iodide as already discussed 
in the theoretical part. In the cases where decomposition with lime was 
attempted the tube showed free iodine when cooled after ignition even 
above the fusion point of the Pyrex tubing employed (7oo°-8oo°). In 
instances where decomposition with sodium peroxide in a Parr sulfur bomb 
, was resorted to, the odor of di - iodo - acetylene could be noted on open¬ 
ing the bomb. Mixtures of magnesium filings and magnesium oxide were 
tested out as decomposition agents, also sodium in absolute alcohol. 
Both failed to decompose all of the compound, and merely converted much 
of it to di-iodo-acetylene. 

The percentage of chlorine was best determined by obtaining the ratio 
Cl ; /C*Ii in the case where only a small amount of the compound was 
prepared. The - * * 
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100 mm. long with a side neck opening through the stopper was made. 
This together with a small funnel-end delivery tube about 80 mm. long 
Was tared and the latter tube removed and the sample of from 0.1 to 0.3 
g. of di-iodo-acetylene introduced and weighed. About one ce. of well 
cooled ethyl chloride was used as solvent and a slow current of chlorine 
was passed in (at —15° to —io° in the dark) employing the weighed de¬ 
livery tube. This weight of di-iodo-acetylene treated with chlorine for 
from 25 to 40 minutes gave a fine light-yellow product without any darken¬ 
ing. At the end of this time tlie delivery tube was disconnected and left 
in the tube and the latter connected by the side neck to a filter pump so 
that cold (—5 0 to —10°) dry air could be drawn through a rather large 
capillary extending above the liquid to remove the ethyl chloride. In 
from 5 to 10 minutes the crystals could thus be freed from the solvent 
and excess of chlorine. Frequently' sudden decomposition set in at this 
point, however, and ruined the experiment entirely. Where all went well 
the capillary was now removed and tlie tube closed by the glass stopper. 
After wanning the outside by water at room temperature and opening the 
side neck momentarily the gain in weight was taken. This method of 
weighing the compound after decomposing it was, of course, based upon 
observations (see below) that no change of gaseous volume occurred dur¬ 
ing the transformation to the liquid. 


Subs., 0.3188; 04719 g. iodochloridr obtained Hence, 0.1531 g. of chlorine wns 
moles of CIi 2 155 

taken up. Ratio- ——— ~r~— = ——- or i 945 - 
moles of Ci It 1.108 

Calc, for Csh. Cl equiv., 33 8. Found. Cl, 32 44 


From the results of the titration and the per cent, of chlorine absorbed, 
also the fact that the compound gives di-iodo-acetylene again with al¬ 
coholic potash, we may conclude that di-iodo-acetylene under the condi¬ 
tions given combines with 4 atoms of chlorine, only two of which are 
combined to iodine and may be given up readily. This gives the structure 

C \ 

>1 — c «= C - I 
CK t | 

Cl Cl 

Spontaneous Decomposition of Iodochloride-i-chloro- 2 , 2 -chloro-iodo- 
ethylene. Symmetrical Chloro-iodo-ethyleae.—That the spontaneous 
decomposition of iodochloride-i-chloro 2,2-cliloro-iodo-etliylene was a rear¬ 
rangement was shown by the fact that no increase or decrease of gaseous 
volume accompanied it. 1 his was easily demonstrated by allowing a 
considerable sample of the iodochloride to decompose in a long, narrow 
test-tube immersed in a large graduate aiid closed by a One-hole stopper 
through which a connection was made to a «^nall graduated (Mohr’s) 
pipet immersed vertically beside the test-tube. The level of the water 
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in the latter remained practically constant as the liquefaction took place, 
except for a slight, temporary depression due to the sudden liberation of 
heat. 

The first indication that decomposition iiad begun in a sample of iodo- 
chloride i-chloro-2,2-chloro-iodo-ethylene was a slight darkening of the 
crystals. This was followed immediately by an appearance of sintering 
and the formation of crystals of iodine trichloride, then strikingly sudden 
liquefaction and darkening of the mass with a sharp rise in temperature. 

On standing a few hours in the tube in which the change had taken place 
the dark brown liquid separated into 2 layers, the upper one reddish brown 
and transparent, and the lower one very dark violet The upper layer was 
removed and found to be miscible with water and when treated with al¬ 
kali gave a precipitate of iodine; sodium thiosulfate caused iodine to pre¬ 
cipitate at first and then to dissolve in excess These reactions indicated 
iodine inonochloride. 

It was found best not to decolorize the lower layer of the products but 
to subject it at once to vacuum distillation. The yield from several de¬ 
compositions was combined and fractionated 3 times, once at 42-45 mm. 
in a 15 cc. Claisen bulb and twice at 25-26 mm using a 5 cc. Claisen bulb. 
Some iodine monochloride and much free iodine came over at first and the 
fraction boiling at 80-90° (25 mm.) was deeply violet colored. The in¬ 
termediate fractions 90-115° and ■ 15-125° were also violet but the highest 
boiling and largest fraction f 125-132 "jdistilled nearly colorless but darkened 
to a reddish brown color in the receiver. After a third fractionation, 
over 8o f ( ' of the material came over at 125-132° (25-26 nun), the bulk 
of it at 127 5-128,5°. Refractionation of the 3 lower fractions gave only 
a few drops of dark liquid, b. p. 80-84° under 32 mm. pressure. 

The chief product obtained at 127.5-128.5° (25-26 mm.' was analyzed 
at once by the method of Carius. 

Subs., 0.2381. ArCI + Agl, 05109, ic*ss on hcatin? in a si ream of chlorine, o 1241 
Cuk for C.CMs Cl, 30 34, I, 72 94. Found Cl. 19 9S , I, 72 33 

The compound under atmospheric pressure boils with decomposition at 
243-5° (corr.) and solidifies slightly below 0°. When pure it is odor¬ 
less and of pale yellow color. The halogen is precipitated with diffi¬ 
culty by hot alcoholic silver nitrate solution. Alcoholic potash reacts 
upon it to give di-iodo-acetylene. 

The lorver boiling liquid, of wliich only a small percentage was obtained, 
at 80-84° ( 3 2 mm.), appeared to be trichloro-iodo-etbylene. Because 
of the small amount and its ease of decomposition even at 26 mra. pres¬ 
sure, it could not be purified further. Analysis of a crude sample of 
0.2176 g. gave 0.4806 g. of silver halide which in a current of chlorine 
lost 0.0615 g. The ratio Cl; I was thus 3.31. 
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Action of Chlorine upon Symmetrical Dichloro-di-iodo-ethylene.— 
A weighed sample of i,2-dichloro-i,2-di-iodo-ethylene was introduced 
into the glass-stoppered side-neck tube used above Employing the 
same method as before, the weight of chlorine taken up at —15 to —io° 
in ethyl chloride as a solvent was determined. 

Subs., 0.1410; yeilow compound, 0.1704. (Hence the ratio Clj/CICI CIC 1 *» 
1.035/1 o.) 

Calc, for CjCljIt: Cl taken up, 16.88. Found 17 -6 

That the mole of chlorine had combined to iodine to give the iodo- 
chloride: CljI.CCl = CC 1 I and not to the carbon was shown by the re¬ 
action of the product with potassium iodide to give up one mole of chlo¬ 
rine again: 0.1106 g. acting on potassium iodide solution liberated iodine 
equivalent to 5.02 cc. of 0.1 A 7 sodium thiosulfate. 

Calc, for Cl,I.CCl - CC 1 I. 0.1 JV Na^O,. 5 -'7 cc OMdi/mg Cl Found i6.iVi 

Calc, for iodochloride-i-cliloro-’,2-chloro-io(lo-eth%lcnc i6S8% 

Addition of Iodine Trichloride to Acetylene. 1 -Iodochloride-2- 
chloro-ethylene, CI2ICH :CHC 1 —From 20 to 30 cc. of a solution of 
iodine trichloride in cone, hydrochloric acid, prepared preferably by the 
method given below, was diluted with 2 volumes of ice-water. This solu¬ 
tion was then divided among each of 3 U-tubes (Peligot type) connected 
in series to an acetylene generator. The tubes were immersed in water 
containing large pieces of ice. Acetylene (purified by washing with nitric 
acid (1:2), alkaline lead solution, sodium hydroxide (20 r c) and copper 
sulfate solution in the order named) was allowed to bubble through the 
tubes in a rapid current After occasional shaking of the tubes the first 
indication of a reaction followed in from 30 to 45 minutes, fine, yellow 
needles of the product beginning to separate out. The current of gas was 
usually allowed to continue for another hour and then the product was 
filtered out and the filtrate returned to the tubes for the formation of a 
second crop of crystals. Usually the latter yield was as large as the first. 

Care had to be exercised not to allow the crystals to remain in the 
tubes too long after forming as they were apt to become pasty or sticky 
and incapable of being washed. This result was evidently due to the 
formation of traces of chloro-iodo-ethylene by the action of some iodine 
monochloride present. Attempts to filter again and get out a third crop 
of the crystals from the filtrate always resulted in the production of chloro- 
iodo-ethylene instead The latter was proven by both b. p, (119-120°) 
and analysis. The iodochloride from the 2 crops of crystals was com¬ 
bined on the filter and washed quickly with ice-water 3 times and then 
dried by pressing well between hardened filters. If spread out at once 
in a thin layer it was possible to keep the product for several days, although 
much of it gradually disappeared and the residue became of a dirty, white 
color and its analysis showed a loss of chlorine. If the product was left 
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in a compact mass or enclosed in a tube it darkened soon and decom¬ 
posed to give liquid products as discussed below. To obtain a true melting 
point was difficult. The temperature 61-62° was the point of decomposi¬ 
tion of the crystals when prepared from crude iodine trichloride (contain¬ 
ing iodine monochloride) made by direct union of the elements. The same 
decomposition point was given for their crude product by Thiele and 
Haakh 1 and 75° as the true melting point for their recrystalhzed product. 
A melting point taken upon crystals freshly prepared and (recrystallized 
from methyl alcohol) was found to be 66° with decomposition. In other 
trials, however, the compound after standing for several hours showed a 
melting point of 80°. The compound is soluble in ether, benzene and 
methyl alcohol with but little decomposition for 24 hours or more but can¬ 
not be safely recrystallized from any of these except methyl alcohol. 

Analyses for their product were not given by Thiele and Ilaakh iodo- 
metric titrations alone being relied upon. In the case of the present 
preparation it was found possible, although difficult, to analyze the crys¬ 
tals both by combustion and by the method of Carius. The combustion 
was carried out in a long too mm. boat and the front end of the tube was 
filled by a silver, spiral gauze beyond 2 boats (length So mm.) of molecular 
silver. Imperfect absorption of the halogens was otherwise found to 
occur. The method of Dennstedt 5 was tried out but was found to give 
incomplete absorption of the halogens even using several teats of molecular 
silver ahead of the sample and burning the substance very' slowly. It is 
scarcely to be recommended for aliphatic compounds of high halogen 
content. 

Subs. (I) 0.2360, CIX) 0.1984, (III) 02529; HjO fn 0.0194, (II) 00147; CO, (I), 
0.0792, (II) 0.0665; Agl + AgCi (Carius) (III) 0.6409 with 1 o.%in stream of chlorine, 
0.0877. 

Calc, for CjHCUI: C, 9-aj; H, 0.77; Cl, 41.0; I, 489 Found: C (I) 952, (II) 
9.12; H (I) 0.95; (H) 0.82; Cl (III) 40.7; I. (Ill) 48.1. 

Spontaneous Decomposition of lodochloride-2-chloro-ethylene. 1,2,2- 
trichlor0-1 -iodoe thane.—In several cases when samples of iodochloride- 
2-chloro-ethylene were being weighed in small open weighing tubes exo¬ 
thermic decomposition took place and it was noted that there was no 
increase in the rate at which the crystals had been losing weight. For 
example, a sample, freshly prepared and dried as stated, was placed on 
the balance and weighed 0.0367 g. Gradual loss o( weight occurred. 

'After about 10 or 15 minutes sudden darkening and liquefaction took place. 
The same rate of decrease of weight prevailed throughout the change. 
After the decomposition the loss became less rapid and the total loss for 
the entire time was less than one mg. or 2.7%. This led to the conclusion 

■ Lot. cit. 

' Z. anei. Chers,, 41, 315 (1902); Btr., 41, 600 (1908). 
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that the change was, perhaps, a rearrangement and not a decomposition 
into chlorine and chloro-iodo-ethylene as reported by Thiele and Haakh. 
To confirm this, samples were allowed to “decompose" in a closed tube 
over water (method as above with iodoehloride-i,2-dichloro-2-iodo-ethy- 
lene). No increase in volume accompanied the change. 

A number of samples of iodochloride-2-chloro-ethylene were prepared, 
carefully washed and dried between hard filters and allowed to decom¬ 
pose in stoppered tubes immersed in water at room temperature. Within 
a short time after the change had occurred the liquid in each tube had 
separated into two layers. The upper layer proved to be iodine mono- 
chloride as shown by miscibility with water and the typical reactions with 
alkali and with sodium thiosulfate The iixline monochloride represented 
nearly */< the volume of the products, approximately 12.8% of the weight 
of the original material or practically r mole of iodine monochloride to 5 
moles of 

C\ 

>1 — C ^ C — Cl 
CK i ‘ 

H H 

taken. Boiling-point determinations made on the lower layer after its 
decolorization by sodium thiosulfate showed it to be a mixture. When 
distilled under a pressure of 23-24 nun. the boiling point rose from 40 to 
120 0 , at which temperature decomposition occurred. 

Twelve and two tenths g. of the decomposition products (low'er layer) pre¬ 
pared as stated, was fractionated at 30-31 min. in a long necked Claisen flask 
of 5 cc. capacity. Much free iodine was evohed in the first fractionation. 
After 3 fractionations had been made, over 42% (5.2 g ) of the products came 
over at 96-103° (30 mm.) and of this 2.5 to 3.0 g. boiled at 99-101.5° 
(30 mm.). The other fractions of consequence, 2 in number, each held 
approximately 15-20% of the original material but neither was large 
enough nor of small enough range to permit of further concentration and 
subsequent analysis. The low boiling material came over at 56-96° 
and the highest fraction at 130-145°. The latter tended to decompose 
to give free iodine. 

Whereas, it appeared that at least 3 compounds in addition to iodine 
monochloride had been formed, the chief product was that of b. p. 99- 
101 - 5 ° (30 mm.). It was analyzed by Carius determination and proved 
to be 1,2,2-trichloro-i-iodo-ethane. 

Subj., 0.2405; Agl + AgCl, 0.6161; loss in a stream of chlorine, 0.0842, 

Calc, for CHCljCHCll: Cl, 41.0; I, 48,9 Found. Cl, 41.2; I, 48.6. 

The boiling point of pure chloro-iodo-ethylene is 27—28° under 23 mm. 
pressure (proven experimentally), hence it is not one of the chief products 
even of the decomposition of iodochloride-2-chloro-ethylene. 
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A Method of Preparation of Iodine Trichloride.—Since the usual 
methods for preparing iodine trichloride gave so large a proportion of iodine 
monocliloride as to render the reagent useless in the above experiments, 
a new method was sought by which to prepare iodine trichloride in purer 
form. As it was to be used in hydrochloric acid solution a very satisfac¬ 
tory procedure was found to be the following, based upon the reaction 

3IIIO3 + Ii + 15HCI — 5ICI3 + 9H-O. 

Ten and fifty-six one hundredth g. of iodic acid (3 moies) and 5.08 g. of 
resublimedi odine (1 mole) were ground up finely and thoroughly mixed. 
About twice the theoretical volume of hydrochloric acid (sp. gr. 1.19), usu¬ 
ally 46.6 oc\, was cooled down and the powdered mixture of iodine and iodic 
acid added in small portions with shaking. Very little chlorine was evolved 
and the two solids appeared to be taken up at about equal rates. All was 
added and dissolved giving an orange yellow solution in about 20 minutes. 
By employing the volume stated each cc. of the solution is theoretically 
equivalent to 0.5 g. of iodine trichloride We have found that iodine tri¬ 
chloride in high concentrations of hydrochloric acid may be kept indefi¬ 
nitely at temperatures up to even 30°. 

Iodine Monochloride from Nitrogen Iodide.—As being of theoretical 
interest iodine monochloride was prepared in hydrochloric acid solution 
by the reaction of cone, hydrochloric acid upon nitrogen tri-iodide. 
Finely powdered iodine in a Gooch crucible was digested for several min¬ 
utes with ammonium hydroxide (sp. gr. 0.90). The excess of ammonium 
hydroxide was then drawn off and the brown mixture of iodine and nitro¬ 
gen iodide washed twice with water. On adding to the mixture several 
cc. of cone, hydrochloric acid a sharp crackling noise gave evidence of a 
somewhat violent reaction. Fumes of ammonium chloride and iodine came 
off along with hydrochloric acid. To carry the iodine monochloride into 
solution excess of hydrochloric acid was now added and the dear reddish 
brown liquid drawn into the receiver. 

This solution (a) diluted largely with water gave abrupt deepening of 
color as free iodine was liberated, (b) treated with sodium thiosulfate, 
gave a copious precipitate of iodine which redissolved in excess and (c) 
treated with acetylene in a U-tube gave a few globules of a heavy liquid 
resembling diloro-iodo-ethylene in odor and appearance (although not 
enough for a b. p. determination was obtained). The solution undoubtedly 
contained considerable iodine monocliloride. The reaction -was tried out 
merely to show that the iodine of nitrogen tri-iodide and of iodine mooo- 
chloride are both of positive nature. Since hydrochloric add is not oxi¬ 
dized by iodine itself the iodine monochloride must have been formed by 
the reaction 


Nllj.NIs + 5HCI 


3ICI + 2NH4CI. 
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. Summary. 

1. Di-iodo-acetylene liberates iodine from aqueous solutions of iodides 
and acetylene is regenerated. 

2. Di-iodo-acetylene reacts with ammonia giving acetylene and prob¬ 
ably nitrogen iodide, a compound in which the iodine is positive. 

3. The conduct of both iodo-acetylene and di-iodo-acetylene is best 
explained by the assumption that these compounds contain positive iodine, 
and that the structures are, respectively, H — C —- C — 1 and I — C 255 
C — I. These structures seem at present much more probable than the 
aeetylidene structures, IHC — C< and I«C — C<. 

4 . Biltz has reported that chlorine acts upon di-iodo-acetylene giving 
hexachloro-ethane It has been shown that the primary product formed 
by the action of chlorine upon di-iodo-acetylene is iodochloride-1 -chloro- 
3,2-chloro-iodo-ethylene, CUI.CC 1 — CC 1 I. 

5. Iodochloride-i-chloro-2,2-chloro-iodo-ethylene decomposes very' easily 
giving chiefly symmetrical dichloro-di-iodo-ethylene, C1CI ** CIO and 
iodine monochloride, also probably a trichloro-iodo-ethylene. 

6. The action of iodine trichloride upon acetylene gives iodochloride- 
2-chIoro-ethylene, a compound previously prepared by Thiele and Haakli 
by the action of chlorine upon 1,2-ohloro-iodo-ethylene. This reaction in¬ 
dicates that the iodine atom of cliloro-iodo-ethvlene is positive in nature. 
The addition of iodine trichloride to unsaturated linkages should lie a 
ready method for preparing aliphatic iodochlorides having chlorine on the 
d-carbon. 

7. The chief products formed when iodochloride-2-chloro-ethylene de¬ 
composes are iodine monochloride and 1,2,2-trichloro-i-iodo-ethane. 
The observation of Thiele and Haakh that i-cbloro-3-iodo-ethylene and 
chlorine gas result when iodochloride-2-chloro-ethylene decomposes, 
appears to be an error. 

&RMJLMA, UL 

[Contribution from the Chemical Laboratories of Iowa State College ) 

THE MECHANISM OF THE REACTION BETWEEN KETENES 
AND THE GRIGNARD REAGENT. 

By Henry Gilman and L. C. Heckert 

Rectiv d February 6, 1920 

I 

The characteristic grouping of the ketenes is C - C = O. Super¬ 
ficially they may be regarded as uosaturated ketones. However, prac¬ 
tically all their reactions are satisfactorily explained as involving pri¬ 
mary addition to the ethylenic linkage. A few isolated reactions have been 
explained by assuming addition to the carbonyl group. Staudinger and 
his co-workers who have given to chemistry almost all of our present 
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knowledge of ketenes, prefer to regard the carbonyl group In keteaes as 
essentially unlike the carbonyl group in aldehydes and ketones, and have 
explained all reactions of the ketenes on the basis of initial addition to 
the ethylenic linkage. 

A search of the literature has disclosed the fact that there are no known 
cases in which the Grignard reagent combines directly with an ethylenic 
linkage. The work of Kohler and his co-workers, 1 Reynolds,* and Blaise 
and Courtot* on the interaction of the Grignard reagent and unsaturated 
carbon compounds indicates an apparent addition to the ethylenic link¬ 
age. In all these cases, however, we are dealing with 1,4-addition, and 
the apparent 1,2-addition to the ethylenic linkage is due to the rearrange¬ 
ment of the enol that results when the addition product is decomposed 
by acids. Attempts by Blaise 4 to bring about a reaction between the 
Grignard reagent and compounds having an ethylenic linkage but afford¬ 
ing no opportunity for 1,4-addition were unsuccessful. 

Apparently, then, we are concerned here with a so-called impossible 
reaction. On the one band, the general reactions of ketenes demand that 
the Grignard reagent add to the ethylenic linkage. On the other hand, 
the Grignard reagent has not been known to add to an ethylenic linkage. 
Staudinger 6 carried out the reaction between diphenyl ketene and phenyl 
magnesium bromide, and obtained triphenvl-vinyl alcohol. The forma¬ 
tion of this compound, however, throws no light on the mechanism of the 
reaction. The Grignard reagent may have added either to the carbonyl 
group, as in the case of aldehydes and ketones, or, as Staudinger prefers 
to explain the reaction, to the ethylenic linkage. 

■ CjHi'-C - C - O + C.t-UMsBr —»- (C H.hC - C — OMgBr 


C,H„ 

H0 » (C«H»)tC “ C — OH 

I 

C*H, 

(C.H.1-C *- C - O + CjHiMgHr —► tC,H,),C — C = O 


(I). 


MgBr C*H* 

1<o y (C«Hs)tC — C = O (C«Ht),C - C — OH 

! I I m). 

H C«Hv CAb 

Obviously the formation of triphenyl-vinyl alcohol can be explained satis¬ 
factorily by either mode of addition. It is pertinent to remark at this 
point, that Staudinger obtained the same product by the use of a or $ 
molecules of phenyl magnesium bromide and the application of heat. 

1 Am. Chcm. J„ 31, 642 (1904), etc. 

* Ibid., 46, 198 (190). 

1 Compt. rend., 140, 370 (1903). 

* Ibid,, 132, 38 (1901). 

* Am ., 356, 113 (1907). 
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The purpose of this work was to prove conclusively the mode of addi¬ 
tion. This has been done by treating the compound resulting from the 
addition of diphenyl ketene and phenyl magnesium bromide with benzoyl 
chloride, and identifying the resulting compound. 

If addition takes place as represented in (I) the magnesium addition 
product should give with benzoyl chloride, the benzoate of triphenyl- 
vinyl alcohol. 

(C«HdjC - C—OMgBr + CnHjCOCl —*■ 'C.II.bC - C~ O -COC.H + MgUrCl 

I I 

C,H» C.II, 

If addition takes place as represented in (II) the magnesium addition 
product should give with benzovl chloride a t, 3 diketone, diphenyl-di¬ 
benzoyl-methane . 

(C«Hs)jC-C = 0 + C«H COCl —»- 'C.H.hC- C-O -f MgUrCl 

! 1 I ! 

MgBr CnHs C = 1 < C.H 

I 

C..F!, 

The product actually obtained and identified was the benzoate of tri 
phenyl-vinyl alcohol, thereby pro\ iug that the Grigaard reagent adds to 
the carbonyl group and not to the ethylcnic linkage of ketenes. Dcakin 
and Wilsinore 1 obtained \ ery small amounts of acetone from the reaction 
between ketene and methyl magnesium iodide. Undoubtedly this reac 
tion is to be explained by the addition of the Grignard reagent to the 
carbonyl group. 

In view of the marked similarity in eheinie.il behavior between ketenes 
and isocyanates, and because the Grignard reagent w ill add to a • - N == C = 
linkage, it is of interest to know Die mode of addition of the Grignard 
reagent to Isocyanates. This reaction is now being studied in this lab¬ 
oratory. 

Experimental. 

Reaction between Diphenyl Ketene and Phenyl Magnesium Bromide. 

Diphenyl ketene was prepared after the method of Schroeter, 5 An 
ethereal or petroleum ether solution of the ketene was freshly prepared 
for each of the several runs, the concentration being determined in the 
usual manner, namely, by running a measured \olume of the solution 
into an ethereal or petroleum ether solution of aniline, and weighing the 
diphenyl-acetanilide formed. Because of the sparing solubility of the 
xnapesium compounds, particularly in petroleum ether, it was found 
desirable to carry out the reaction in absolute ether, to use a rather dilute 
solution of ketene (about 0.1 N), and to maintain vigorous stirring 
throughout. 

1 J. Chem. Soc., 97, 1968 (1905). 

43, 3336 (1909). See also Staudinger, iW„ 44, 1619 (1911). 
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la a typical run the diphenyl ketene prepared in an atmosphere of car¬ 
bon dioxide, was dissolved in absolute ether to make a solution of 500 cc. 
Using the pressure of the carbon dioxide, a measured volume of the 
ethereal solution was brought into immediate reaction with aniline to 
determine the concentration, and the remainder forced into a reaction 
flask. The reaction flask was a 2-liter filtering flask, immersed in a freez¬ 
ing mixture, and provided with a separatory funnel, mechanical stirrer, 
and entry tube for dry and purified hydrogen. An ethereal solution of 
1.5 molecules of phenyl magnesium bromide was gradually added to the 
cold, vigorously stirred ethereal solution of ketene kept in a fresh atmo¬ 
sphere of hydrogen. 

A flocculent, white precipitate soon formed and in a few runs the mix¬ 
ture became reddish colored. In an initial experiment the reaction mix¬ 
ture was directly treated with a slight excess of benzoyl chloride in abso¬ 
lute ether. On working up the reaction products of this run there was 
obtained, prior to the crystallization of the benzoate of triphenyl-vinyl 
alcohol, a small quantity of a sparingly soluble compound melting at 
241-0. 1 It was at first thought that this compound was a polymerization 
product of diphenyl ketene: namely, tetraphenyl-diketo-cyclobutane, a 
compound melting at 244- 245°. The formation of this polymer with 
another was found by Staudinger to be accelerated by carbonyl contain¬ 
ing compounds like benzoyl chloride. In consequence, the reaction mix¬ 
ture in subsequent runs was allowed to warm up to room temperature in 
the course of one hour, meanwhile being well stirred. In one of the runs, 
a portion of the mixture, prior to the addition of benzoyl chloride, was 
treated directly with dil. sulfuric acid, and triphenyl-vinyl alcohol was 
obtained and verified by a mixed melting-point determination. 

Reaction of the Addition Compound of Diphenyl Ketene and Phenyl 
Magnesium Bromide with Benzoyl Chloride.—The addition compound 
of ketene and Grignard reagent was again cooled in a freezing mixture. 
To it was gradually added, with stirring, a small excess of benzoyl chlo¬ 
ride in absolute ether. This reaction mixture, still reddish colored and 
containing a flocculent, white precipitate, was allowed to warm up to 
room temperature in the course of one hour, and then refluxed on a water- 
bath for 4 hours. The red color disappeared during the first half hour 
of heating. The ethereal mixture was cooled, treated with an excess of 
hydrochloric acid, and on shaking in a separatory funnel the white pre¬ 
cipitate dissolved. The clear, slightly yellow ethereal solution was thor¬ 
oughly washed, first with dil. ammonium hydroxide and then with water, 
dried with calcium chloride, and distilled on a water bath to drive off 
the ether. The resulting oil was dissolved in hot ethyl alcohol and the 
solution so formed allowed to cool slowly. In a few hours the solution 
1 The temperatures recorded in this paper are uncorrected. 
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was complete!}'' filled with white crystals melting at 143 A single 
recrystallization from ethyl alcohol gave 14.7 g- of a compound melting 
sharply at 153 °. This substance was identified as the benzoate of tri- 
phenyl-vinyl alcohol; first, by a mixed melting point determination with 
some of the same compound synthesized after the manner described by 
Biltz , 1 and second, by saponification with alcoholic potash and identifica¬ 
tion of the triphenyl-vinyl alcohol and benzoic acid so formed. 

Yield of the benzoate of triphenyl-vinyl alcohol based on 10.2 g. of 
diphenyl ketene, 79%. 

Compound Melting at 348°. —The very sparingly soluble compound 
formed in small quantities was crystallized from hot ethyl alcohol. It 
contained neither magnesium nor halogen. The compound was found to 
undergo no change when refluxed for 8 hours with alcoholic potash. This 
proved that the compound was not the supposed polymer of diphenyl 
ketenc, tetraphenyl-diketo-cyclobutane. Staudinger and Gollcr’ found 
their compound melting at 244-245 0 to hydrolyze on even milder treat¬ 
ment to tetraphenyl acetone and diphenyl acetic acid. 

Likewise, this proved that the compound is not diphenyl dibenzoyl 
methane. This compound would be expected if the Grignard reagent 
had added to the ethylenic linkage of the ketene. 1,3-Piketones are readily 
hydrolyzed under these conditions to acids and monoketones 

Summary. 

The benzoate of triphenyl-vinyl alcohol was obtained when the addi¬ 
tion compound of diphenyl ketene and phenyl magnesium bromide was 
treated with benzoyl chloride. This proves that the Grignard reagent 
adds to the carbonyl group and not to the ethylenic linkage in ketenes 

Am, Iowa 
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THE CONSTITUTION OF THE ORGANIC NITROGEN BASES OF 
CALIFORNIAN PETROLEUM. 

By C F. Mabery and L G Wesson 

Received February to, 1920 

The acid washings of crude Californian petroleum contain a mixture of 
organic nitrogen bases. By neutralization of the diluted acid these may 
be made to separate as a heavy, dark brown oil which possesses an odor 
closely resembling that of an empty cigar box. Californian crudes, ac¬ 
cording to Engler and Hofer, 3 have the highest nitrogen content of any 
known petroleum, 2.39^. Japanese oil follows closely with 2.25% 
1 Boa, 32, 633 (1899). 

‘Ibid., 44, 330 (1911). 

1 "Das Erdfil,’ r 1,1913. 
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nitrogen, and Algerian with 2.17%, but, in general, 1.5% is the max¬ 
imum found. Thus, on the basis of an average molecular weight, there 
may be as high as 20% of the crude oil composed of organic nitrogenous 
bases. 1 

The problem of isolating individual bases is, however, no easy task. 
The mixture of compounds resembles petroleum itself in containing what 
are apparently whole series of related, homologous substances which can 
be only approximately separated by many repeated fractional distilla¬ 
tions in vacuo. 

In 1890 careful distillations were carried out by one of the authors on 
the basic constituents of a Santa Paula, California, oil. 2 The final main 
fractions, obtained by distillation under 50 to 90 mm. pressure were, 
according to analysis and molecular weight determinations as follows - 
Fraction 110-40 0 as CmHi-N 
Fraction 197-99° asCuHuN 
Fraction 209-11° as C»H«N 
Fraction 215-17° as C«H.,N 
Fraction 223-25° as 
Fraction 270-75° as CnH n N 

Chlopin concluded 3 that the nitrogen bases of Galician oil consist of 
a "whole series of substances tvhicli have similar properties such as do 
homologous members of a chemical group,” after the analyses of a series 
of fractionally precipitated double chloroplatinates of the bases. 

Very briefly, the previous chemical knowledge of these basic petroleum 
constituents may be summarized as follows. They form illy-defined 
precipitates from acid solution with platinum, palladium, mercuric, cad¬ 
mium, and ferric chlorides, potassium dichromate, ferro- and ferricyanides, 
and picric and oxalic acids. By oxidation with potassium permanganate 
in alkaline solution the nitrogen of the bases is evolved in part as am¬ 
monia and in part as free nitrogen Oxidation with chromic acid forms 
free nitrogen and, in some cases, a small amount of acetic acid. Ethyl 
iodide adds to the bases if heated with them in a sealed tube. The bases 
are volatile with steam; they have an odor variously described as ’‘pyri¬ 
dine-,” "quinoline ,” and “nicotine-like;” they possess rather weakly basic 
qualities; and, while nearly immiscible with water, they dissolve readily 
in alcohol, ether, benzol, carbon disulfide, etc. 

The conclusion was drawn by Mabery* in 1900 from as much data as 
Ws at that time obtained, that the bases of Californian petroleum consist 
of more or less hydrogenated quinolines, for example, tetrahydroquinoline. 
The experimental facts described in the following show: (1) that by the 
1 C. F. Mabcry, This Journal, 18, +26 (1906). 

* C. F. Mabcry, J. Sx. Chcm. Ind., 19, 505 (1900). 

* 1 9*37 
•Zee. tit. 
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careful oxidation with potassium permanganate of the various members 
of the series of fractions obtained by the vacuum distillation of the basic 
mixture from Californian petroleum, pyridine peniacarboxylic acid and 
methvl pyridine tetracarboxylic acid are obtained; (2) that no aliphatic 
acid is formed in an appreciable amount by this permanganate oxidation, 
and that the very small quantity (trace) which is actually produced has only 
the properties of the lowest aliphatic acids and not those of butyric acid or 
higher; (3) that by chromic acid oxidation of one of the members of the 
series of fractions, and subsequent dry distillation of the calcium salts 
of the organic acids thus formed, 0-methyl quinoline is produced; (4) 
that by reduction of various members of the series of fractions with nas¬ 
cent hydrogen and with hydriodic acid, hydrogen atoms are added, and 
that the nitrogen atom of the molecule is thereby converted from a ter¬ 
tiary to a secondary atom; (5) that the elementary composition of 2 more 
completely purified fractions corresponds to that of alkylated quinolines 
(or isoquinolines); and (6) that the general chemical behavior of the bases 
is not contrary to that which might be expected of highly alkylated quino¬ 
lines (or isoquinolines). 

The conclusion is then drawn that the organic bases of Californian pe¬ 
troleum consist mainly of an indefinite mixture of alkylated quinolines 
(or isoquinolines), which, as regards the nitrogen-containing ring are com¬ 
pletely alkylated, and the alkyl side chains of which consist of small 
groups only. 

Experimental. 

The bases from Santa Paula, California oil were fraetioned in 1899, at 
first under atmospheric pressure, then immediately, because some de¬ 
composition was evident, under partial vacuum, so that none of the 15 
or so final fractions was ever distilled under atmospheric pressure. After 
many careful distillations at 50 to 90 mm. pressure, 2 to 4° fractions 
were finally collected covering a range of 130 to 283°. The best fractions 
were analyzed for carbon, hydrogen and nitrogen; their molecular weights 
and specific gravities determined; platinum double salts prepared; and 
various oxidation decomposition reactions attempted, the latter mainly 
with negative results. 

In 1916-17, when the present work was carried out, these samples 
were brown, viscous to very' viscous liquids, one or two of the highest 
fractions becoming amorphous, resinous solids when cooled with ice. 
Some of the fractions were much lighter in color and less viscous than 
their immediate neighbors. The odor of all was nicotine-like They were 
nearly insoluble in, and much heavier than water, but readily dissolved 
in alcohol, ether, acetone, chloroform, carbon disulfide, etc. They were 
also readily soluble in dil, and cone, acid, separating again on the addition 
of alkali. 
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Various representative fractions were first submitted to regulated oxida¬ 
tion by neutral permanganate, with the result that pyridine penta- and 
methyl-pyridine tetracaxboxylic acids were formed. 

The permanganate oxidations and isolation of the silver salts of the 
organic acids thus formed were carried out in the following way: 

Three g. each of representative fractions was boiled with 2% potassium 
permanganate solution until the liquid became decolorized. More per¬ 
manganate, in concentrated solution, was then added to the liquid, the 
boiling continued until decolonization again took place, and so on, until 
the color of the solution produced by fresh portions of permanganate 
disappeared only very slowly indeed. From 25 to 40 g. of permanganate 
according to the basic fraction used, was necessary to accomplish this 
result in from 2 to 3 days. A 2-liter, round-bottomed flask, provided 
with reflux condenser, was used. A second small tube reached to the 
bottom of the flask, and through this a slow current of air could be drawn 
to agitate the heavy precipitate, and prevent extreme bumping. The 
manganese dioxide and a small amount of unattacked base which always 
remained, were filtered off and the filtrate made somewhat add with 
2 cc. of cone, nitric acid, beyond the neutral point. The addified liquid 
was reduced to a small volume by distillation, the distillate serving for 
the detection of any volatile acids which might have been formed by the 
oxidation reaction, and the residue for the non-volatile ones. 

We shall consider first the identification of the latter, the non-vcJatile 
organic adds. For this purpose, the concentrated liquid was transferred 
to an evaporating dish and evaporated to complete dryness. The residue 
of dry salts was pulverized and thoroughly extracted for 3 hours with 
boiling alcohol in a Soxhlet apparatus. Into the alcohol passed resinous 
colored products, some potassium nitrate, and an organic, nitrogen-con¬ 
taining add which, on the addition of a silver nitrate solution, formed a 
voluminous, white precipitate of the difficultly soluble silver salt. This 
product will be mentioned later. 

That portion of the dry salt residue which had not dissolved was then 
freed from alcohol, and taken up in 200 cc. of hot water. To this aqueous 
solution is now added an excess of silver nitrate solution, which forms a 
white, voluminous preripitate, somewhat more soluble with increasing 
aridity of the solution. 

* To effect at least a partial purification of this preripitate, it was filtered 
off and dissolved, insofar as possible, in boiling hot 1% nitric arid solu¬ 
tion. The insoluble residue which always remained in varied small amounts 
was filtered off. Upon cooling the hot filtered solution, a preripitate re¬ 
formed, but the main portion separated only after the addition of sodium 
acetate to reduce the aridity. The product was now filtered off, washed, 
and dried to constant weight at 120-5°. 
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This product was examined with little hope at first that it would repre¬ 
sent an individual product of the oxidation. When prepared, however, 
from the basic fractions of the most varying range and with quite radical 
modifications in the conditions of the reaction, quite the same analytical 
values were obtained. 

The silver salts thus obtained were nearly white, do not darken at ail 
upon boiling the water in which they are suspended, nor easily upon 
exposure to the light, nor upon heating them in a dry state to a temper¬ 
ature as high as 130°. They do, however, decompose explosively upon 
ignition. A distinct odor of pyridine, along with other aromatic odors, 
is produced by their decomposition, arid a voluminous residue of silver 
and carbon is left. The explosive character of these salts made necessary 
the admixture of fine copper oxide powder in the analyses of them for 
carbon and hydrogen. 

"Base 176-78 Y* requiring for 3 g 30 g of KMnO,, gave, from its "alcohol insoluble” 
product, a silver salt of the following composition: C, 16.40, 16 27; II, o 37, 0.25; N, 
2.38; Ag, 60.54, 60.51. 

The silver salt similarly prepared by the oxidation of 3 g. of "Base 130-32'," re¬ 
quiring 28 g. KMnOt contained. C, 16.43, 16.30; H, 0.40, 0.10; N, 2.23, 1.90; Ag. 
60.66. 

That from 3 g. of "Base 200-2'," which required 40 g. KMcO, for complete oxi¬ 
dation, contained: C, 15.62, 15-41; H, 0.18, 0.27; N. 1.61, 1.55; Ag, 59.80, 39-65. 

That from 3 g. of "Base 209-11°,” which required 38 g. gave: C, t6.it, 

15.86; H, 0.23. 0.24; N. 1.91, 1.77; Ag, 60.39, 60.37. 

The values may be tabulated as follows: 


Average % 

C. 

H 

N 

*1. 

O. 

%. 

%. 

%■ 

%. 

%. 

From Base 130-2 ” 

16 37 

0.25 

2 08 

60.66 

20.64 

176-8 

16.34 

0.31 

2.38 

to.S 3 

20.44 

200-2 

1552 

O.23 

1 5» 

59-73 

22 94 

209-11 

13-99 

O.24 

1.84 

60,48 

21.45 

Grand average. 

16 06 

0.26 

1 97 

60.35 

21.37 

CuHNAgtOu (calc.). 

16.51 

O 14 

1 -93 

59 41 

22 6l 


CtoHNAgrOi# represents the tetra-silver salt of pyridine pentacarboxylic 
add. A difference of one methyl group would cause a variation of 1 - 3 % 
in the carbon content, whereas the greatest variation from the mean, and 
also the greatest variation of the averages from the calculated value is 
in the case of carbon which is 0.5%. 

The silver content of an add salt might well be expected to deviate from 
any exact atomic proportion Because it was of greater importance in 
this case to learn the composition of the add to which the silver atoms 
were combined than to know which salt of that add might be present, 
the percentage of silver was deducted from ioo%, and the carbon, hydro¬ 
gen, nitrogen, and oxygen values for the “organic residue'’ calculated on 
that bass. This has been done for the average percentages given ab ove. 
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Average % for 

C. 

B. 

N. 

0 . 

'‘Organic residue” of product. 

40 JO 

0 64 

4 97 

53 99 

C10HNO1* calc\. 

40.68 

0 34 

4-74 

54-25 

Difference. —0.18 

+0.30 

+0.20 

- 0,26 


Although the analytical errors have been doubled, we find a striking 
closeness between the 2 sets of figures. The acid which corresponds to 
the silver-containing compound, insofar as one may judge from the 
analytical figures, may well be pyridine pentacarboxylic acid. A confirma¬ 
tion of the pyridine nucleus of this acid was accomplished by the prepara¬ 
tion of pyridine itself from the barium salt of the same acid 

Identification of the Pyridine Nucleus.—Tor this purpose the barium 
salt of the add was prepared and dry-distilled, whereupon a distillate 
was obtained whose chief component was pyridine. 

To obtain an aqueous solution of the adds, the same procedure as before 
in oxidation was followed. Barium chloride solution was added to the 
addified filtrate after the addition of sodium acetate. The barium salt 
was a pure white, voluminous predpitate, which was dried and dry-dis¬ 
tilled. The distillate was completely soluble in water, and possessed a 
strong, distinct pyridine odor. The distillate was addified with hydro¬ 
chloric add, and warmed with an excess of sodium nitrite solution to 
decompose all ammonium hydroxide present The solution was now 
evaporated to '/» its volume, and distilled with an excess of cone, sodium 
hydroxide solution. The distillate was then redistilled once. An excess 
of picric add, in alcoholic solution, was added to the solution, which was 
heated and then cooled. The voluminous predpitate of long, slender, 
yellow needles which formed, was recrystallized from hot alcohol, washed, 
and dried. The m. p. was found to be somewhat unsharp at 158-159“. 

It appears that the in. p. of pyridine picrate is only with difficulty 
brought up to its maximum and correct value. Recrystallization of the 
picrate was, therefore, not attempted, but, instead, some was mixed with 
an equal amount of pyridine picrate prepared from pure pyridine and 
picric acid, and recrystallized from alcohol. The m. p. of the pure pic¬ 
rate was 160-2 °, that of the mixture 158-60°, and that of the unknown 
picrate, as just stated, was 158-9°. It is apparent that the admixture 
of pyridine picrate with the unknown picrate raised, if anything, the 
m. p. of the latter, and that the unknown picrate did not appreciably 
lower the m. p. of the pure pyridine picrate when intimately mixed with 
it. The crystals of the 2 picrates were, moreover, indistinguishable in 
form from one another. 

The base formed by the distillation of the barium salt of the adds which 
correspond to the analyzed silver salts of the adds is, therefore, identified 
with certainty as pyridine. ThisJact, in conjunction with the above 
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analyses, demonstrates that pyridine pentacarboxylic add is formed by 
the oxidation of each of 4 representative fractions of the bases. 

The Silver Salt from the Alcohol-Soluble Salt Residue.—To return 
now to the silver salt which had been prepared from the alcohol-soluble 
portion of the dried, potassium-salt residue. After reprecipitation from 
hot water, this silver salt gave indications, by its analysis, that it was 
an add salt of methyl-pyridine tetracarboxylic acid. (See Analysis No. 
1 below.) 

Afso, what is apparently the same compound was obtained in a some¬ 
what different manner. The salt residue was treated twice with hydro¬ 
chloric add, and the excess acid and water again expelled. The pulver¬ 
ized residue was now exhaustively extracted with ether. Finally, '/« g. 
in all of a viscous, yellow or brown oil was obtained which would not 
crystallize either on long standing or after '/* bout in a freezing mixture. 
A silver compound was prepared from one of its components, however, 
by the addition of silver nitrate to its solution. To purify the preripitate 
thus formed, as much of it as possible was dissolved in boiling water, the 
insoluble residue filtered off hot, and the salt separated by cooling the 
filtrate. The product was washed and dried, at first in an oven, then, 
as darkening was noticed, in a vacuum desiccator to constant weight. 


Average % for 

c 

H 

N 

Ag 

O 

No. 1. From ''alcohol-soluble” . 

25 7 

I 8 

3 8 

43 0 

25 7 

No. 3. From ''ether-extracted" ... 

25 3 

J 8 

3 3 

44 1 

25 5 

Grand average. 

25 5 

1 8 

3 6 

43 5 

25 6 

CHtCiN(COOAg)i (COOHVcalc.) 

24 8 

1 0 

3 0 

44 7 

26 S 


These figures indicate, when taken in conjunction with wliat lias pre¬ 
ceded, that a product is extracted from the salt residue, after oxidation, 
by alcohol, and after further acidification by ether, which gives the 
disilver salt of methyl-pyridiue tetracarboxylic acid It is of value to note 
here that the amount of this product was Sound to he much greater in 
the earlier experiments in which, as it now proves, somewhat less than 
the maximum amount of permanganate was used, while in the later ex¬ 
periments, in which the Oxidation was carried further, the amount of this 
product was so small that it was not worth working upon. 

As the results obtained in the oxidation of the bases by permanganate 
show that the final stage is pentacarboxy pyridine, the assumption is here 
reasonable, on the basis of the analytical figures, that the salt which cor¬ 
responds to the alcohol- and ether-soluble portion is one of methyl-pyridine 
tetracarboxylic acid. 

It may be mentioned here that the total weight of the purified silver 
salts obtained was about ’/, of the theoretical amount from 3 g. of the 
basic fractions. 

The organic acids themselves, which correspond to these silver and hat- 
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iura salts, were obtained in the following manner: One g. of a basic 
fraction was oxidized by hot, dilute potassium permanganate solution as 
before, and the filtrate from the manganese dioxide evaporated to dryness. 
An excess of hydrochloric acid was now added to the residue, and it was 
again carried to complete dryness. The residue was now extracted a 
number of times with ether, and from the ether there was obtained, by 
evaporation, a few mg. of white, fern-like crystals. The amount could 
not be increased beyond this point as further ether extraction took out 
more and more of a brown impurity from which the crystals separated 
with greater and greater difficulty. 

The crystals were those of an organic acid, very easily soluble in water 
and alcohol, but dissolving only with much difficulty in ether. The 
aqueous solution gave with ferrous sulfate a deep wine-red coloration 
which faded to yellow on the addition of ferric chloride. (All known 
pyridine acids possessing at least one carboxyl group in the a-positian 
give a red color with ferrous sulfate solution.) Its hydrochloric add 
solution did not precipitate platinic chloride, either with or without the 
Simultaneous addition of alcohol Its aqueous solution evolved carbon 
dioxide rapidly from silver, calcium, barium, etc., carbonates, and when 
filtered hot from the excess of metal carbonate, gave a precipitate of 
metal salt in each case on cooling The silver salt formed a voluminous, 
white precipitate, the barium and calcium ones are rather more granular. 
The calcium salt was the more soluble, and on evaporation, thin, color¬ 
less plates of right angle cleavage separated at the edges of the concen¬ 
trated solution. 

A small amount of white, needle-shaped, add crystals were obtained 
by extraction from the acid residue from the oxidation of "Base 142-6 0 ." 
These were pressed out on a porous plate, moistened several times with 
a drop or two of water, and air-dried. A melting-point determination 
made upon them showed them to melt with darkening and gas evolution 
between 160 and 170°. 

Although the melting points of the pyridine car boxy adds are not suffi¬ 
ciently definite and characteristic in general to lend themselves weH to 
the purposes of identification, several careful attempts were made to 
prepare a pure sample of the organic add through the barium and silver 
salts. The former was treated in solution with an amount of sulfuric 
«■ add exactly equivalent to its barium content; and the latter, finely ground, 
was suspended in boiling water while hydrogen sulfide gas was babbled 
through the liquid for 5 hours Only semi-liquid or amorphous products 
ware obtained, however, in place of the adds. 

No appreciable amount of aliphatic acid is formed by Ike permanganate 
oxidation. Other evidence afforded by permanganate oxidation of the 
bases was obtained by the exa mina tion of the distillates from the acidified 
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filtrates in each case. To each one was added a slight excess of alkali car¬ 
bonate, and the solution was evaporated to dryness. The salt residue 
was decomposed by cone, hydrochloric or sulfuric acid in slight excess, 
and the add solution extracted with ether, the ether evaporated, and the 
residue examined for add. 

The amount of carbonate required was, in all cases, very small, not¬ 
withstanding the fact that some mineral add always distilled over, and 
the organic add residue from the evaporated ether, consisting of an 
aqueous solution of the volatile acids, was never greater than a drop or 
two. 

Several residues were tested with alcohol and cone, sulfuric acid for 
ester formation. The odor in each case tried was distinctly that of acetic 
ester, except in that of "Base 164-166°,’’ of which the odor seemed to lie 
richer, mare like that of propionic or butyric ester. In no case, however, 
was a rancid -smelling, volatile add obtained from these distillates; they 
had always the sharp, biting odor of cone, acetic add. 

There was always present, in greater or lesser amounts, an insoluble, 
steam-volatile product which contaminated the lighter add An attempt 
to prepare the pure p-toluide of the volatile fatty add for its melting 
point Identification was not successful, as the amount of add was too 
small, and it was too impure. One can safely affirm, however, that from 
none of the fractions ranging from "Base 132-134 0 ” to "Base 270-283°" 
were appreciable amounts of higher fatty acids formed A molecular 
amount from an average base would be about */* g. from 3 g. of base. 

These facts argue against the presence in the molecule of side-chains 
of any considerable length. 

Chromic acid, oxidation gave an organic acid product which, when dis¬ 
tilled from lime, gave fl-methyl quinoline. Potassium dichromate, added to 
a sedation of one of the bases in sulfuric add, predpitates a yellow, finely 
divided oil, which soon collects and dings to the side of the test tube as 
a brown, viscous mass. On warming the mixture, a peppery odor similar 
to that obtained by acid oxidation with permanganate is noticed. 

Three g. of "Base 166-168 dissolved in dil. sulfuric add, was oxidized 
by 25 g. of chromic oxide, also contained in dil. sulfuric add. The oxidiz¬ 
ing agent was added in portions, the flask heated between additions, then 
coded before the next treatment. At first, the double acid chromate 
separated upon each fresh addition, and only gradually disappeared on 
heating. After the oxidation, the sulfuric add was partially neutralized 
with lime, the precipitate filtered off hot, lime then added to the filtrate 
in. excess, the mixture evaporated to complete dryness, the mass pul¬ 
verized, and the small amount of unattacked base remaining completely 
extracted out of the solid residue by ether 
The mass was then submitted to careful dry distillation. The distillate 
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consisted of an aqueous portion and oily drops. It was acidified, the 
oily drops dissolving, and boiled to a diminished bulk after the addition 
of an excess of sodium nitrite solution to destroy the ammonia which 
interferes with the identification of organic picrates. Now, by distilla¬ 
tion with caustic, the other basic constituents were recovered, and were 
then converted into their picrates by the addition of an alcoholic picric 
add solution. The first m. p. of the product was very unsharp, between 
170 and 180 0 , but, after several recrystallizations from hot alcohol, it 
was raised to a sharp m. p. at 187-188°. This is, in all probability, the 
picrate of 0-methyl-quinoline, m. p. 187°. 

d-Methyl-quinoline may represent a / 3 -methyl-carboxy quinoline which 
is known to be a resistant stage in the oxidation before the disruption of 
the quinoline nucleus in certain other cases. 

Reduction oj the bases converts the tertiary atom into a secondary one. 
Nascent hydrogen from sodium amalgam and alcohol, from zinc and 
acetic acid, and from tin and hydrochloric acid, as well as the action of 
bydriodic acid at 290-300 0 reduces the various basic fractions by hydro¬ 
gen addition. As an example is the following: 

22 g. of “Base 164-166 0 " was reduced by the use of mossy tin and 
cone, hydrochloric acid. The reduction occupied one day, and 200 cc. 
of the add was used, 50 g. of tin being added in each portion at intervals. 
A large part of the hydrochloric acid was then evaporated off, the remainder 
neutralized with an excess of caustic, and steam-distilled. This last process 
was so slow that the separation was finally made by benzene extraction. 
The solvent was then evaporated, and the residue distilled in vacuo. The 
most constant fraction 208-210°, at 90 mm. was a light, reddish brown, 
rather mobile oil. When analyzed for its carbon and hydrogen content 


it gave 

C. H. N (dtS.). 

No. i. 83.30 9.si 

No. 2. 83.58 9 66 


Average. 82.94 9 74 7-32 


This composition corresponds nearly to that of an alkylated quinoline, 
CmHuN, plus 3 or 4 hydrogen atoms. Thus, the calculated composition 
of the latter would be: 


c. h. ». 

* For CuHnN. 82.75 10.33 6.90 

For ChHmN . 83.16 9.91 6.93 


The product analyzes as 82.94 9-74 7.32 

It is certain that in the reduction process some of the base escaped 
action because erf the formation of an insoluble double compound of tin 
chloride and base hydrochloride. Tins separates from even the cone, 
add, is soluble in benzene, and was found in the residues in the flask 
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Acorn the above described distillation in the form of a dark brown, viscous 
oil, from which the tin is not to be precipitated by hydrogen sulfide. 

That reduction has taken place upon the nitrogen ring and upon the 
nitrogen atom, is strongly indicated by a comparison of the actions of 
nitrous add upon the basic fractions before and after treatment with 
nascent hydrogen. To a hydrochloric acid solution of one of the basic 
fractions before reduction, add a solution of sodium nitrite. An extremely 
small amount, if any, of an insoluble oil separates, and neutralization of 
the solution gives again the original base apparently unchanged by the 
reaction. Thus, its nitrogen atom is evidently a tertiary one. 

If, however, a sodium nitrite solution be added to the solution, in acid, 
of one of the reduced bases, a reddish oil is formed in generous quantities 
which may be taken up in ether. The ether solution has a light color, 
and, on evaporation, a red liquid is left which is difficultly soluble in 
even cone, hydrochloric add. Upon boiling this strongly add solution 
for some minutes, and then making it alkaline, only a brownish oil, ap¬ 
parently the reformed base, separates. 

The reddish oil which nitrous acid has formed gives, after it has been 
separated by the use of ether, the ether then washed thoroughly with 
dil. acid and evaporated off, a bright greenish blue product on treatment 
with phenol and sulfuric add. (Liebermann’s color reaction of nitroso 
amines.) 

From all the evidence it seems that the nitrous acid forms a nitroso 
compound, a nitroso amine, of a base possessing one hydrogen atom 
attached to its nitrogen atom, and that reduction has taken place upon 
the nitrogen-containing ring and nitrogen atom of the base. 

The elementary analysis of a redistilled basic fraction, and of an acid 
ferrocyanide gave carbon, hydrogen and nitrogen ratios of alkylated quinolines 
{or isoquinolines). 26 g. of a rather viscous fraction was distilled under 
reduced pressure. The largest fraction, which came over mainly between 
188 and 195 0 at 14 mm. pressure, was yellowish in color with a very 
slight greenish fluorescence, and was somewhat visdd. Upon analysis it 
gave 

Calc, for an alkylated quinoline containing is C atoms: C, 84.51; H, 8.9a; N, 6.57. 

Found: C, 85.25; H, 8.61 ; N, by diff., 6.14. 

This analysis confirms the values given by the analysis of the same dis¬ 
tillate collected under a lower pressure in the earlier work: C, 84.39; H, 
8.97; N, 6.25, and the formula CuHuN shown by its molecular weight 
209, calculated 213. 

It most be mentioned, however, that some of the lower boiling basic 
inactions undoubtedly contain too little hydrogen to correspond exactly in 
composition to an alkylated quinoline, while some of the higher boiling 
am contain somewhat too much. Takes all in all, the conclusion to be 
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drawn from the elementary analysis of the basic fractions may be only 
that the average composition agrees as well as might be expected with 
the carbon-hydrogen ratio of an alkylated quinoline. 

The second method which was used for determining the carbon-hydro¬ 
gen ratio was by the analysis of the greenish colored acid ferrocyanide 
which is formed by the addition of potassium ferrocyanide solution to an 
add solution of a base. 

To 3.5 g. of "Base 196-198in dil. hydrochloric acid solution was 
added 8 g. of potassium ferrocyanide in aqueous solution. A yellow- 
green, finely crystalline precipitate, more soluble in hot water than in 
cold, was formed. This was filtered off, and washed, then dissolved in 
boiling water. Upon cooling the solution, a dark green, somewhat sticky 
predpitate formed. This was filtered off, and to the filtrate 5 ec. of cone, 
hydrochloric acid was added. This separated out a light yellow-green 
predpitate which was filtered off, washed, and dried. Analysis gave, as 
an average of two determinations 

C, 65.31; H, 6,12; N, 19.11; Fe, 9.31. 

The basic fraction used in the preparation of this add ferrocyanide is, 
according to its carbon-nitrogen ratio, and molecular weight, a C u base. 
The formula of an alkylated quinoline containing 13 carbon atoms is 
CijHisN, and its acid ferrocyanide, (CuHisNH)»HjFe(CN)«, would have 
the calculated composition C, 65.55%; II, 5.81% < N> 1911 %; Fe, 9.53%. 

If the base be assumed to contain one more hydrogen atom than an alkyl¬ 
ated quinoline, its acid ferrocyanide, (Ci*HwNH)*H*Fe(CN)*, would con¬ 
tain C, 65.33%; H, 6.13%; N, 19.05%; and Fe, 9-49%- The composition 
of the base “Cu” lies, therefore, near that of the alkyl quinoline ratio 
C»H,sN. 

The gummy, dark green precipitate first mentioned, quite evidently 
impure, contained C, 70.5%; H, S.i%; Fe, 8.7%. 

Additional Reactions. 

Bromine. —If liquid bromine be added to one of any of the bases, a 
vigorous reaction takes place; hydrogen bromide is evolved in large 
amounts, and a dark, resinous product is formed which can not be 
obtained in a crystalline condition. 

On the other hand, if a solution of bromine in chloroform or carbon 
'* disulfide be added to one of the bases dissolved in the same solvent, no 
hydrogen bromide is given off; a dark brown oil separates, and much 
beat is evolved. The oil is slightly soluble in cone, hydrochloric add, and 
more so when heated. It may be dissolved in hot alcohol, but on cooling 
the solvent, it again separates as an oil. Cone, sulfuric odd decomposes 
it with evolution of hydrogen bromide; heating does this as writ Fuming 
Bitric acid has little or no apparent action even upon continued heating. 
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A brominated preparation was analyzed. The solvent, carbon disul¬ 
fide, had been cooled during the addition of the bromine, and the solvent 
and excess bromine evaporated at the room temperature The more 
brominated, less basic, product was separated from the less brominated 
by treating with cone, hydrochloric acid, washing with dil. hydrochloric 
acid and water, each time acting over a thin layer of the insoluble oil 
and manipulating it to get as thorough action as possible Tire product 
was then dried in a vacuum desiccator over calcium chloride for 2 days, 
and analyzed by Carius’ method for bromine. 

The average bromine content found was 603%. CuHuNBr 4 is cal¬ 
culated to contain 61.6% of bromine ("Cm” because it was this frac¬ 
tion used, and “Hu" because the bromine content vanes but little on 
variation of 2 or 3 hydrogen atoms, and this represents the quinoline ratio). 
It therefore appears that this product is mainly CaHuNBr*. 

The addition of bromine to quinoline in carbon disulfide solution also 
gives a tetrabromo-quinoline of unknown orientation, which is soluble in 
water and dil. acids, but, unlike this product, is easily soluble in alcohol, 
ether, and carbon disulfide.* 

The compound is slightly soluble in acidified water, as, on the addition 
of alkali to dil. acid which has been agitated with it, a fine emulsion 
appears. Silver nitrate solution forms silver bromide from a sample of 
the brominated product which has been thoroughly freed from uncom¬ 
bined bromine. With cone sulfuric acid, or by heating, hydrogen bromide 
is freely evolved from the brominated base. The residue from which no 
more hydrogen bromide is evolved, does not give a silver bromide pre¬ 
cipitate upon heating it with cone, nitric acid and thereupon diluting and 
adding silver nitrate solution. 

Iodine.—Iodine in chloroform solution separates a brown, amorphous 
mass from the chloroform solution of any of the bases. This product 
can not be recrystallized from any solvent in a solid form. Apparently 
the same product is formed when liydriodic acid is used for the purpose 
of reducing the bases. 

Hydriodic Acid.—One of the basic fractions was heated 3 hours at 
290-300 0 with 52% hydriodic acid solution in a sealed tube. Only re¬ 
duced base, as shown by test with nitrous add on the acid-soluble por¬ 
tion of the product, and an iodine addition product were obtained. 

Phthalic Anhydride.—Phthalic anhydride condenses with the basic 
fractions in what is evidently a phthalone formation. Alkylated quino¬ 
lines possessing a methylene group in the a-position are known to be 
capable of condensation with phthalic anhydride; quinaldine, for exam¬ 
ple, o-methyl quinoline, forms in this manner phthalone itself or “quinoline 
ysaow,” CsEUNCHCOCCOU 

* Claus «Ml Sestet Btr., 15, 830 (188s). 
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The experiment with one of the petroleum bases was carried out as 
follows: 2 g. of a medium fraction was heated with one equiv. (1.5 g.) 
of phthalic anhydride and one g. of zinc chloride for 4 hours at 160-170° 
in an open flask on a sand bath. Without the zinc chloride the con¬ 
densation did not occur, even with severe heating with a free flame. The 
product is a dark, resinous mass which may be crystallized from alcohol. 
The alcoholic solution colors cloth and paper a brilliant yellow winch is 
fast to washing. 

The action of fuming sulfuric acid and of bromine in chloroform solu¬ 
tion regenerates phthalic add from this condensation product. 

Fuming Sulfuric Acid.—Experiments with several of the basic frac¬ 
tions showed that one of the lower fractions was capable of sulfonation 
without great difficulty, whereas a medium fraction was found to be ex¬ 
tremely resistant. 

“Bose 134-136°” was heated overnight at 120-130° with an excess of 
fuming sulfuric acid. A portion of the add solution was diluted with 
water, whereupon some very finely divided charred matter separated. 
The add was neutralized with an excess of barium carbonate. During 
this part of the process the great emulsifying power of the solution was 
noted in the permanent froth acquired by shaking it. After the last 
addition, a small amount of free base was liberated. The solution was 
filtered while boiling hot, and the filtrate evaporated to a small bulk; a 
generous amount of thin, flat, transparent crystals of a barium sulfonate 
of the base separated. 

To the remainder of the solution an excess of alkali was added, and the 
unaulfonated base extracted with ether. The unattacked base amounted 
to about Vi of the weight of base originally taken. 

A small quantity of a much higher boiling basic fraction, “Base 192- 
194°" was heated at 125 to 130° with an excess of fuming sulfuric add 
for 14 hours. From the large amount of charred and recovered base, 
and the small amount of soluble barium sulfonate, it was evident that 
this higher basic fraction was much more resistant than the lower one 
to the action of fuming sulfuric acid. 

Nitric Add.—Fuming nitric add reacts violently with the baaes. 
Cone, nitric add has no action in the cold, but apparently has some action 
on continued heating. Dil. nitric add has no apparent action, either in 
4 he hot or cold 

Platinum Chloride. —Chloroplatinates of the bases were desired for 
identification and analysis. The hydrochloride of “Base 192-194°" 
forms a very finely granular, yellow predpit&te with platinic chloride, 
which is soluble in hot, and difficultly soluble in cold water. Its m. p. 
was unsharp at 120-125°. On attempting to recrystadize this precipitate 
from hot water, decomposition was noted, and a brown, resin ousjmb- 
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stance separated. On account of tlte instability thus indicated these 
salts were not used. 

The brominated base does not give a precipitate with platinum chloride. 

Phosphorus Pentachloiide and Potassium Permanganate on die Ben- 
zoylated and Acetylated Reduced Bases. Attempts to Break Open die 
Nitrogen Ring for Purposes of Orientation.— The use of phosphorus penta- 
chloride in breaking open the nitrogen ring of piperidine and of tetrahydro- 
quinoHne and of similar compounds, after the stability of the nitrogen- 
containing ring has been first diminished by benzoylation of the base is the 
method of von Braun. 1 As an illustration of this method is the conversion, 
thereby, of benzoyl piperidine to benzoyl-chloro-amyl-amine, CeHjCONH- 
(CH*)»C 1 , and to dichloro-pentane, Cl(CHi)sCl 

4.5 g. of “Base 164-166°" which had been reduced by nascent hydrogen, 
was shaken with 15 g, of benzoyl chloride in portions in the presence of 
an excess of 10% sodium hydroxide solution At the end of the reaction 
ether was added, and the ether layer repeatedly washed with caustic 
solution, then twice with dil. hydrochloric acid and with water A sticky, 
oily, sweetish -smelling, brown residue was left, which, in ether solution, 
was dried overnight with powdered calcium chloride. After filtration 
through a cotton plug, and evaporation of the ether in a vacuum desic¬ 
cator, 3 2 g. of a reddish gum of a sweetish odor was left. It may be 
mentioned here that since the basic fractions themselves resist benzoyla¬ 
tion, it is necessary to first reduce them for benzoylation. 

According to the suggestion of von Braun, purification of this substance 
was not attempted at this stage. It was heated with phosphorus penta- 
chloride without further treatment. This last operation, by chlorination, 
might be expected to break open the nitrogen-containing ring, the stability 
of which has been diminished, as von Braun showed in analogous cases, 
by the influence of the benzoyl group and quinquivalence of the nitrogen 
in an intermediate product. 

The 3.2 g. of beazoylated product was heated with the calculated weight 
of phosphorus pentachloride to 120°. The reaction which took place 
was very vigorous, accompanied by gas evolution, arid, after its intensity 
had diminished, the temperature was increased to 150 to 160° for l /» 
hour- After cooling the flask, ice water was added in portions until all 
phosphorus halogen compounds had been decompossed. The remaining 
oil was treated with the smallest possible amount of hot, absolute alcohol, 
which dissolved it easily, but from which it did not crystallize of itself, 
nor by the aid of predpitants. 

As no pure product could be crystallized out and identified, the de¬ 
composed, beazoylated, reduced base was investigated by oxidation with 
1 Btr., jy, 2B18 (1904). 
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permanganate. All of these results were negative in result, as were those 
of the oxidation by permanganate of some of the acetylated reduced bases. 

Conclusion. 

The chemical evidence as to the nature of these bases isolated from 
Californian petroleum supports the following views: 

They consist mainly of alkylated quinolines (or isoquinolines). 

Three alkyl groups are united to the or-, d- and 7-carbon atoms of the 
nitrogen-containing ring in all from the lowest to the highest members. 
Formation of pentacarboxy and methyl-tetracarboxy pyridine; the pro¬ 
duction of methyl-quinoline also agrees with this. 

In the lowest fraction, Ci*H u N, since 3 side chains must be present, 
these must consist of 3 methyl groups, as the quinoline radical itself ac¬ 
counts for 9 out of the 12 carbon atoms. 

Phthalonc formation also requires a —CH* or a —CII; group in the 
a- or 7-position in the nitrogen-containing ring. 

None of the alkyl groups represents a long side chain (more than 4 
carbon atoms), even in the bases of high molecular weight, as indicated 
by the absence of propionic, butyric, or higher fatty adds in the 
oxidation products. 

The behavior of the basic fractions with bromine, iodine, hydriodic 
acid, fuming sulfuric acid, platinic chloride, phthalic anhydride, nascent 
hydrogen, nitrous acid, ace t via ting and benzovlating agents, and mild and 
strong oxidizing agents is in entire conformity with these conclusions, and 
no fact was discovered which was antagonistic to them. 

If the bases are then as simple substances as are the alkylated quino¬ 
lines and isoquinolines, it may be asked why their identification could not 
follow from the preparation of simple salts as picrates, chloroplatinates, 
and double mercury compounds. It appears that this is because all of 
the fractions of the series of bases represent mixtures which can be fairly 
well separated into stages as regards molecular weights, but are difficult 
to separate into individual substances, lire facts cited in experimental 
evidence for the character of the compounds represent what might be 
expected from a mixture of quinoline and possibly jsoquinoline derivatives, 
a small part more, a small part less highly alkylated than the average, 
and containing perhaps a small percentage of hydrogenated nuclei or of 
pyridine derivatives. 

These admixtures would, no doubt, easily prevent the crystallization 
of the bases constituting the main portions, as these, under favorable 
circumstances, are difficultly enough solidified; and also would prevent 
the crystallization of products of reactions in which all of than might 
take part, or in which the products are, at best, difficult to crystallize. 

The mixture of even 90% of an individual base with a total of 10% of 
isomers, homologs, and near homologs, would give a mixture which 
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would have all of the propertes found in the experimental work. Such a 
mixture might reasonably be expected to be formed in petroleum pro¬ 
duction. 

Cunum, Omo. 


{Contribution non res Chemical Laboratory op tbb UNrvsasrrr ot Illinois 
and non Thk Abbott Laboratories, op Chicago, Illinois. ) 


THE RELATIONSHIP BETWEEN CHEMICAL CONSTITUTION 
AND PHYSIOLOGICAL ACTION IN LOCAL ANESTHETICS. 

L HOMOLOGS OP PROCAINE. 


By Oliver Kasim. 

Receiv'd February 23 . 1929 

Several simple homologs of the well-known anesthetic, procaine 
(Formula I), 1 have been described in the literature. The formulas for 
compounds of this type which differ from the parent substance in that 
they possess one more carbon atom are represented structurally as follows: 


NH, (para) 

ca* o 

\y yCiHi 

C—O—CHj—CH>— 

XJH, 

(X). 


NH, {para) 

/ 

C.H. O 

H /C.H. 

C—O—C—CHg— 

l X C,H, 

(II) CH. 


NH, {para) 


CH,—C—O—-CH,—CH,—N< 
(III). 



Compound II is described in the German patent literature,* but the 
writer is not aware of published data recording the physiological action 
of this individual. Compound III has been synthesized more recently 
by Pyman* and has been found to be inactive as an anesthetic. It is to 
be noted that the latter compound is an ^amino-alcohol ester of an ali¬ 
phatic add (p-aminophenyl acetic add) whereas a maximum anesthetic 
effect appears to develop when the carbonyl group Is united directly to 
the aromatic nucleus. Such a type of linkage is, however, not essential, 
provided that the carbonyl group of the ester be united to an unsatur ated 
carbon atom,* such as is illustrated by Formulas IV and V. Both of these 

‘This Is the formula of the free base. Procaine (also called novocaine) Is the mono- 
hydrochloride of this compound. 

* Priedlaeuder, 8, 993; D. R. P. 179,617. 

•X Ckm. Sue., r*r, *67, nt 9 (1917)- 

« For exceptions see Fonmeau, X pharm. chim., {7 J a, jjy, 599 (191a), 
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compounds have been prepared 1 and found to possess anesthetic proper¬ 
ties. 


H>N 


o 


f /C*H S 

H — CH—C—0—CH«—CH,—N<f 

(IV). N^h, 


O’ 


H H ^ 

C = C—C—0—CHi—CHr-CH, 

(V) 



The writer has prepared a homolog of procaine possessing Structure 
VI. It will be noticed that this compound differs from procaine in the 
fact that it possesses a chain of 3 carbon atoms between the oxygen and 
nitrogen atoms. This variation in structure is important in the study 
of the relationship between chemical constitution and physiological 
action, because of the fact that the naturally occurring anesthetic, cocaine 
(VII), also possesses such a structure. The 2 formulas are here written 
so as to emphasize this relationship. 

O 


CHr- 


CHr-CH, 

I H 

—N H—C—O— 


-C—NH, 


CH, H—C- 
H 


-CH, 


H H # 

CH,-C-C—C—O—CH, 

CHj—N H—C—0—C —\ / 

I l II 

CH,-C-CH, O 

H 


(VI) 


(VII) 


In physiological tests, cocaine, procaine, and the new compound (p- 
aminobenzoate of y-diethylamiaopropyl alcohol), have been tested side 
by side. 

Aryl esters of y-diethylaminopropyl alcohol have long been known. 
Thus the simplest aryl ester, the benzoyl derivative of the amino alcohol, 
was described by Gault 5 in 1908. The tinnamoyl derivative has already 
been referred to above (Formula V). For direct comparison with pro¬ 
caine it seemed advisable, however, to prepare the p-aminobenzoate. The 
method of preparation and the properties of the corresponding m-amino 
isomer are also given and a later report will deal with the study of the 
effects due to ortho-, met a-, and para-subs titution. 


, Preparation of y-Diethylaminopropyl Ester of p-Aminobeazoic Add, 

p-Nitrobenzoyl chloride (65 g.) is dissolved in 500 cc. of benzene and 
to this solution there is added gradually a benzene solution of 45 g. of 
y-diethylaminopropyl alcohol. Reaction between the odd chloride and 

1 Friedlaender, 8,1007; D. R. P. 187,593. Wildman and Thorp, 0 . S. pat. 1,193,* 
649, Aug. 3 , 1916. 

•Bull, sac. cktm., [4I 3, 37®. (1908). 
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the alcohol takes place readily with the formation of a pasty cream- 
colored precipitate of the hydrochloride of y-diethylaminopropyl ester of 
p-nitrobenzoic add. In order to insure completion of the reaction, the 
mixture is warmed on the water bath for about one hour, after which the 
predpitate is filtered off. The weight of dry product is 105 g., which corre¬ 
sponds dosdy to that theoretically possible. 

The hydrochloride of 7-diethylaminopropyl ester of p nitrobemoic 
add is a cream-colored solid which after one recrystallization from alco¬ 
hol, melts at 189-190°. The product is dissolved in water, an excess of 
tin is added, and the temperature controlled at about 40° by the gradual 
addition of hydrochloric add. During the first stage of the reduction an 
oily product separates, possibly the free nitro ester, which redissolves 
as the reduction proceeds. After complete reduction, the solution is di¬ 
luted and the tin removed by means of hydrogen sulfide. From the dear 
solution the 7-diethylaminopropyl ester of p-aminobenzoic acid is pre- 
dpitated by the addition of sodium hydroxide solution and ice. The 
product is a white solid which, after recrystallization from petroleum 
ether, melts at 69°. The yield of product corresponded to 75% of that 
theoretically possible. The hydrochloride of 7-dietliylaminopropyl 
ester of p-aminobenzoic acid crystallizes from absolute alcohol in white 
needles which melt at 164°. 

Preparation of 7-Diethylamlnopropyl Ester of m-Aminobenzoic Add. 
The 7-diethyl aminopropyl ester of wi-axninobcnzoic acid may be pre¬ 
pared in a manner exactly analogous with that described above for the 
p-amiuo compound, m-nitrobenzoyl chloride being used in place of p-nitro- 
benzoyl chloride. The intermediate product, the 7-diethyl aminopropyl 
ester of w nitrobenzoic add, is obtained in the form of a hydrochloride 
melting at 139-140°. Upon reduction, the latter yields the 7-diethyl- 
aminopropyl ester of m-atninobeozoic acid, a colorless oil which solidifies 
only at a low temperature. Its monohydrochloride is a white solid melt- 
at 151°, which is very soluble in water, less soluble in alcohol, and 
only sparingly soluble in ether. 

The Relationship Between Chemical Constitution and Physiolo gica l 
Action in the p-Aminobenz oaies of d-Diethylaminoethyl and 
y-Dtethylaminopropyl Alcohols. 

The results of physiological tests that will be published in detail else¬ 
where 1 show that the physiological action of the p-aminobenzoic ester 
of 7 -diethylanunopropyl alcohol is exactly what one might predict from 
its slightly doser relationship to cocaine. Procaine, Formula I, contains 
the structure 

—0—CHj—CH*—N < 

* All such references win be included la later articles in this series. 
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Whereas, as is indicated in Formula VII, cocaine possesses a chain of 3 
carbon atoms between the N and 0 atoms in the amino alcohol. Cocaine 
is considerably more toxic than procaine but for certain types of anesthesia, 
such as surface anesthesia, it shows stronger action than procaine because 
of its greater powers of penetration. 

The new homologue of procaine (Formula VI) which also possesses a 
chain of 3 carbon atoms between the 0 and the N atoms of the amino- 
alcohol, might, therefore, be predicted to [all somewhere between procaine 
and cocaine in its physiological behavior, although one would expect it 
to be considerably more closely related to the former compound. Tests 
show that these predictions arc entirely substantiated. The new com¬ 
pound is slightly more toxic than procaine; on the other hand, its effec¬ 
tiveness for the production of surface anesthesia is considerably greater 
than that possessed by its lower homolog. For certain purposes, a 
given result may, therefore, be obtained with a considerably smaller 
quantity of anesthetic, increased effectiveness more than counterbalancing 
the effect of slightly increased toxicity. 

The writer realizes the dangers of drawing broad generalizations upon 
observations gathered from the testing of a small number of individual 
compounds, although in the present example a prediction of physiological 
action of a new compound predicted by analogy' to structures of pre¬ 
viously known compounds has been completely substantiated. No 
attempt is made, therefore, to present broader generalizations or to in¬ 
dulge in further speculation until a larger amount of additional experi¬ 
mental data is available. 

Ukbajia, Illinois 


[Contribution prom the Chemical Laboratories op the University of 
Wisconsin and op Vanderbilt University.! 

THE PREPARATION OF p-PHENYLENEDIAMINE AND ANILINE 
FROM THEIR CORRESPONDING CHLOROBENZENES. 1 

By Armand J. Quick. 

Received February 23, 1920 

The stability of the halogen atom attached to the benzene ring has 
been of considerable interest because it has prevented until recently, the 
direct synthesis of phenols and aromatic amino compounds from the 
halogen derivatives of the aromatic hydrocarbons The early investi- 
1 gators’ failed, entirely in their efforts to replace the halogen by other 
groups. It was not until 1914 that Meyer and Bergious* reported that 
1 This paper represents a part of a thesis presented by A. J. Quick to the Graduate 
School of the University of Wisconsin in partial fulfilment of the requirements for the 
Decree of Master of Science, June, 1919. 

* Ana., 104, 425 (1857); mi, 358, 364 (1864). 

* Bar ., 47, 3165 (1914). 
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ft dilute solution of sodium hydroxide converts chlorobenzene almost 
quantitatively into phenol at 300°, and that ammonia, under similar 
conditions, converts it partly into aniline. 

It has long been known that certain negative groups, of which the 
nitro group is the best example, when in ortho or para position to the 
halogen atom have a marked labilizing effect on it. Engelhardt and 
Latchmow 1 as early as 1870 reported that they were able to convert ortho 
and para nitrochloro-benzene at least partially into their respective nitro- 
anilines by heating them with ammonia at 150°. In 1908 the Aktien 
Gesselschaft fur Aniliti Fabrikation * took out a patent for the preparation 
of p-nitroaniline by this process. The conversion of trinitrochloro-ben- 
zene into picric acid is another illustration of the labilizing effect of the 
nitro group which is of commercial significance. 

Ullmann* accidently made the discovery that metallic copper had a 
strong labilizing effect on nuclear halogen. While trying to condense 
c-chlorobenzoic acid with sodium phenolate in the presence of finely 
divided copper, Ullmann incidently used aniline as a solvent. Much to 
his surprise, the aniline entered into the reaction and o-phenyl-anthranilic 
add was obtained. The reaction may be represented as follows: 

/O /NHC.H, 

CtH/ + HiNQH, —► C«H/ 

COOH coon 

This discovery opened a new field of investigation. It was soon found 
that 0 -chlorobenzoic add amid be condensed with phenol, 4 thiophenol, 1 
and similar compounds under the influence of finely divided copper. Fur¬ 
thermore, it was found that c-chlorobenzoic add could be condensed with 
glycine,* with] methylamine,’ and other aliphatic as well as aromatic 
amines and amino compounds 7 under the influence of this catalyst. 

Four years after Ullmann’s discovery, a series of patents appeared 
Winds deal with the conversion of chloro-substituted benzene derivatives 
into aromatic amino compounds by means of ammonia in the presence of 
copper salts. Among these patents are listed the preparation of aniline from 
chlorobenzene, 8 p-phenylenediamine from p-dichloro-benzene, 11 and from 
p-chlcsro-aniline, 10 p-phenylene-diamine-monosulfoflie add from p-dichloro- 

1 Z. Ckm., 13, JN.F VI.I 33s (1870). 

*D. R. P. 148,749. 

* Ber., 36, 2383 (1903). 

‘Ibid., 37, 853 f*9Q4)- 

'* Ibid., 37,4526 (1904). 

* Laamr-Cofen’s "Arbeftwnethoden” {4th JJd.), 601 {1907). 

T D.R.P. 145189, 146102, 146950. 

* D. R. P. 204951. 

* D.R.P. soar?*. 

>*ff. A P. 304848. 



PREPARATION OP p-phenylenedl\mine and aniline. 1035 

benzene-sulfonic add, 1 and from the isomeric p-cHoro-aniline^sulfonic 
adds,* and p-ammophenol and some of its derivatives from p-chlorcrphenol 
and its corresponding derivatives.* There also appeared a patent for the 
preparation of diphenylamine from bromobenzene. 4 Cuprous iodide is 
used in the latter patent, whereas in the other patents copper sulfate is 
used, the author daiming that cuprous iodide is a much more effective 
catalyst. 

Very recently Kitamura* reported that he prepared acetylaminophenol 
ethers by condensing acid amides with halogen substituted phenol ethers 
in the presence of copper as well as zinc salts. 

The discovery’ of Ullmann has opened a wide field of investigation, but 
due to the fact that it had commercial possibilities, it was soon buried 
in patents and so found little recognition in pure synthetic organic chem¬ 
istry; consequently, the information concerning the reactions already 
mentioned is very limited. 

In this paper the action of ammonia on mono- and p-dichloro-benzene 
is studied. The objects of the work are, first, to find whether any appre¬ 
ciable reaction takes place; second, to study the experimental difficulties 
in order to ascertain whether the method is feasible for synthesis; and, 
third, to determine quantitatively the yields obtainable. The work was 
restricted to mono- and p-dichloro-benzene, because these were most 
easily prepared pure and were least liable to enter into complicated side 
reactions. Then, too, p-dichloro-benzene is a useless by-product formed 
in the preparation of chlorobenzene, whereas p-phenylenedi amine, which 
can be obtained from it, is a valuable compound. 

Experimental 

Apparatus.—The pressure bomb used for this work was made of mild 
steel shafting, 8.25 X 23 cm. with a boring 5 cm. in diameter and 18 cm. 
deep which gave it a capacity of 350 cc. and left the walls 16 mm. thick. 
The tube was fitted with a screw cap. Permanite, an asbestos graphite 
packing, was used for the gasket with very satisfactory results. 

Starting Materials. Chlorobenzene. —This compound was prepared 
by the direct chlorination of benzene in the presence of anhydrous alum¬ 
inum chloride which acted as a catalyzer. The compound was purified 
by fractional distillation and the fraction that distilled over at 131-134® 
was collected. 

' p-Dickkro-bensent was obtained from the Dow Chemical Company, 
Midland, Michigan. It was perfectly white and practically all distilled 
between 170-171° {uncorr.). 

* D. R. P. 203564. 

1 D. R. P. 302563, 304972. 

* D.R.P. 205415. 

* D. R. P. 187870. 

* J. Tokyo Ckem. Sot., 39,1121-30 (1918); J. Pharm, Soc. (Japan), 1918, No. 443971. 
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'Cuprous chloride. Merck's C. P. cuprous chloride was used. 

Cuprous iodide was prepared by adding potassium iodide to a saturated 
copper sulfate solution, filtering off the solid cuprous iodide and finally 
washing it with alcohol to remove the iodine. The product was almost 
white. 

The reactions studied were primarily as represented below: 

C«H s a + aNH, —> CtHiNHj + NH4CI 

(*H»C1 + 4NH, —*■ C*Hi(NHi)s + 2NITCI 

There is a possibility of other reactions taking place. Thus, the aniline 
formed may react with another molecule of chlorobenzene to form di- 
phenylamine. 

C«H»NHi + CsHjCl —* C 6 H t NH CJli + HC1 


In the case of p-phenylenediamine, the possibilities are greater. One 
illustration will suffice. If one chlorine atom is replaced by an amino 
group, p-chloro-aniline is formed, which edn react with a molecule of 
p-dichk>ro-benzene to form dichloro-diphenylamine. 


a Oi +a O a -* a 0"0 c 


Or it can react with a second molecule of f-cliloro-aniline to form chloro- 
phenyl-p-phenylenediamine, the reaction being as follows: 


OrOjl 


a <0"-0 NB ' 


Although ammonia is used exclusively to remove the halogen, other 
reagents were suggested, such as sodamide, and zinc ammonium chloride. 
Then, too, the reaction of dilute solutions of sodium hydroxide, methyl 
afcoholate, and the like on ch loro-substituted benzene could be studied with 
profit. The work is at present being continued on the mechanism of the 
catalysis. A number of metallic ammines, especially those of bivalent 
cobalt, are being investigated to find whether they possess the power to 
activate ammonia. 

Study cl Catalysts.—The first problem in this work was to determine 
whether copper Salts were the only substances that had labilizing effects 
on nuclear halogen. Among the other substances that were tried were 
salts of nickel, cobalt, and zinc. These were suggested because they form 
complexes with ammonia that are similar to those of copper. Then too, 
zinc has been reported to have catalytic properties in reactions similar 
to those mentioned. Since negative results were obtained in all cases, 
it seems that the catalytic action is not dependent on the ammonium 
complex. Ferrous sulfate, metallic mercury, mercuric chloride, were tried 
»est because they possess catalytic properties in other organic reactions, 
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and finally sodium hydrogen sulfite was used because of its well-known 
power in aiding the conversion of ( 3 -naphthol into fi-naphthylamine 
through ammonia. In all cases the results were negative. 

Since copper salts showed decided catalytic properties, it seemed ad¬ 
visable to study the relative activities of a number of them. For this 
study a series of tubes, each containing a different copper salt, were run 
under identical conditions. Each tube contained 5 g. of p-dichloro- 
benzene, 18 cc. of cone, ammonia, and 0.5 g. of the catalyst. The set 
was heated at 200 to 210° for 12 hours, and after cooling the unaltered 
p-dichloro-benzene was filtered off, dried, and weighed, all other products 
of the reaction being soluble in water. The results were as follows: 


Unaltered £-I>ichioro ben ten c. 

Soft used. G. % 

Cul. trace .... 

CuCl. o is 30 

CuCI,. o 70 14 o 

CuSO, . . 1 15 23 o 


From this it can readily be seen that the cuprous salts are more active 
than the cupric. Indeed there is a probability that the cupric salts only 
become active after reduction to the cuprous condition in the reaction 
mixture. This assumption seems to be borne out experimentally, for on 
adding potassium permanganate, which insures keeping the salt in the 
cupric condition, no reaction took place. 

Cupric acetate and nitrate seemed to have even less catalytic power 
than the sulfate, although these experiments were carried out under some¬ 
what different conditions so that exact comparisons could not be made. 
Metallic copper, which vras prepared by reducing finely divided copper 
oxide with hydrogen, had no catalytic effect whatsoever. 

The effect of solvents on the reaction was not studied extensively. 
Almost all of the reactions were carried out in aqueous solutions, although 
in a few cases alcohol was employed as a solvent. The alcohol was sat¬ 
urated with dry ammonia and the p-dichloro-beuzene and cuprous iodide 
added as in the other experiments. Since not a trace of p-phenylene- 
diamine was produced, it seems that catalytic effect of the copper salts 
is limited to aqueous solutions. 

Conversion of p-Dichloro-benzene into p-Phenyienediuoiae.—In 
studying the reaction of the conversion of p -dichloro-benzene into p- 
* phenylenediamine, the first and most important problem was the identi¬ 
fication and quantitative determination of the latter product. Direct ex¬ 
traction with ether or benzene yielded some p-phenylenediamine, but a 
more satisfactory method was the dry distillation of a mixture of anhy¬ 
drous sodium carbonate with the hydrochloride of the base, as recom¬ 
mended by Ledoux,' which yielded a product consisting of perfectly 
‘ B«r., is* («» 74 )- 
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odorless plates having a m. p. of 138-139°. whereas the corrected m. p. 
Is 140°. These crystals also gave the characteristic odor test of p-phenyl- 
enediamine, 1 which is as fdlows: A drop of ferric chloride solution added 
to a dilute solution of the base or its hydrochloride will produce a deep 
green color which in a few seconds changes to a characteristic violet. 
With more concentrated solutions and boiling, a brown solution is ob¬ 
tained having the odor of quinone. 

The yields obtained by either extraction or dry distillation were small; 
consequently these methods could not be employed for the quantitative 
estimation of the product. The most satisfactory method that was found 
for estimating the yields was based on the fact that p-phenylenediamine 
hydrochloride is insoluble in cone, hydrochloric add, whereas the am¬ 
monium chloride, the copper salt, and almost all the impurities are sol¬ 
uble. The method of procedure in general was as follows: 

The reddish blue reaction mixture, which was obtained by heating 
p-dichloro-benzene and ammonia together in the presence of a copper 
salt, was filtered to remove the undecomposed p-dichloro-benzene and 
other solid impurities. The mixture was then steam distilled until all 
the ammonia was driven off. The solution remaining in the flask was 
allowed to cool, then was filtered, and finally saturated with hydrogen 
Chloride. As the solution approached saturation, crystals separated out 
and soon filled the container. These were filtered off, dried and weighed. 
As a general rule the crystals were colored reddish, and it was difficult 
to decolorize them. The most effective decolorizing agent found was 
activated charcoal, and by means of it a light gray product was obtained. 

Although the product could not readily be prepared colorless, it was 
nevertheless fairly pure even without recrystallization as the following 
analysis shows: 

Sab®., 0.3000. AgCl, 0.4673 

OOc. for C,H,(NH,), zHCl. Cl, 39 19. Pound 38 43 

The sample was taken from the product obtained from Erpt. 5. See Table II. 

The method of analysis was as follows: The crude product was first 
dried in warm air, then in a desiccator over solid sodium hydroxide for 
34 hours. A weighed sample of thi3 was mixed with pure anhydrous 
sodium carbonate and then gently heated After no more fumes were 
given off, indicating that the free base had been removed, the mass was 
extracted with boiling water, filtered, the filtrate addified with nitric add, 
add tile silver chloride precipitated in the usual way. Besides the analysis 
given, others wore made of the various products and the results were in 
almost all cases similar to the one recorded. 

In the series of experiments on the preparation of p-phenylenediamine 
which will be taken up now, 3 factors were studied in particular; tem- 

* J 4 nllik*n, "Identification ol Pure Orptnk Compound*," a» 11a (1916). 
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perature, concentration of ammonia, and the presence of mild reducing 
agents in conjunction with the copper salt. 

Table I. 

UudecompMcd 

CaHaCW. 


Hrpt. 

I, , , 

2 . 

3 . 


Concentration 
of ammonia, 

% 


Temp. 

*C 


vwd of 
C*H4 (NH«)i. 

o 


2 net. 
%■ 


o 

10 180-190 20 7 14 

14 210 O 39 60 

27 205 o 39 So 

The reaction mixture in all cases consisted of 40 g of ^-dichloro-benzene, 240 cc. 
of ammonium hydroxide (of the strength indicated in the tabie) and 3 g. of the catalyst 
which was cuprous iodide in No 2 and cuprous chloride in Nos 1 and 3 The time of 
heating was 18 hours. 


The yields recorded are the yields obtained by saturating the solution 
with hydrogen chloride. It does not include the product which remained 
in solution, and which by experiment was found to vary from 5-8 g. in 
200 cc. of solution. 

Before discussing the results as set down in the table, the individual 
experiments will be discussed in order to bring out the details which 
could not be incorporated in the table. 

Expt. 1 was carried out according to the procedure already given. On 
concentrating the solution a brick red precipitate separated which 
was filtered off before the solution was neutralized This precipitate will 
be discussed later. The product was colored red. 

Expt. 2 again yielded a little of the red precipitate, and the product was 
also reddish. 

Expt. 3 again yielded a colored product, but no amorphous red pre¬ 
cipitate was obtained. 

Although it is difficult to draw many definite conclusions from the 
results given, it appears that the optimum temperature is above 200°, 
for below this temperature the reaction is incomplete, especially with 
dilute solutions of ammonia. 

The yield is dependent to a certain extent on the concentration of 
ammonia. Thus it was found that with 5 to 6% solutions of ammonia 
the reaction was very incomplete even at elevated temperatures. Dilate 
solutions, furthermore, cause the formation of a red amorphous precip¬ 
itate previously mentioned The nature of this precipitate has not yet 
been intensively investigated, but from its general behavior it appears 
* to be a condensation product. It melts with decomposition above 200“, 
yielding some p-phenyleaediamine, some basic gases, and a charred mass. 
On exposure to air it undergoes slight oxidation and turns bluish blade. 
It dissolves in water, producing a green solution which turns pink when 
acidified. It is insoluble in ether, but soluble in alcohol, and in cone, 
hydrochloric add. It still contains chlorine. 

It was observed that when metallic iron was added in the form of iron 
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filings in conjunction with the copper salt, the solution obtained was 
yellow instead of red, and the product grayish white. This yellow solu¬ 
tion when allowed to stand exposed to the air slowly turned red. Although 
the product was improved in appearance, the reaction was markedly re¬ 
tarded. With powdered aluminum the reaction was completely stopped. 
The results of a few typical experiments are as follows: 


Table n. 

Yield of 

Cotic of Undecomp. C*H# 

ammonia Temp CcHtCfi (NUt)#. 2HC1, 

Expt. Reducing agent. %. *C. G G % 

J. Iron filings jo 220 7 32 6 5 

2 .. Iron filings 37 190 10 13 26 

3 . Activated charcoal 27 200 o 30 61 

4 . Activated charcoal 14 200 trace 24 4S 

5 . None 14 210 o 26 53 


The reaction mixture consisted of 40 g of ^-diehlorobenzene, 240 cc of ammonium 
hydroxide, and 5 g. of cuprous chloride. Time 18 hrs. 


Expt. 1 was run in the regular way. A reddish solution was obtained 
which was filtered to remove the iron and undecomposed p-dichloro 
benzene. The latter was separated from the iron by extraction with 
ether. The red solution was neutralized, concentrated to 200 cc and 
finally saturated with hydrogen chloride. There is a possibility that the 
product was slightly contaminated with ammonium chloride which also 
crystallized out because of the high concentration of tliat compound due 
to the fact that the large excess of ammonia was not driven off but neu¬ 
tralized directly. 

Expt. 2 yielded a yellow solution out of which a light gray product was 
obtained. 

Expt. 3. In this experiment activated charcoal was employed. On 
opening the bomb, the walls were found covered with tiny leaves of 
metallic; copper. The solution was pale yellow and gave a grayish product. 

Expt. 4. This experiment was run under the same conditions as Expt. 3 
except that a more dilute solution of ammonia was employed. The solu¬ 
tion was reddish, and gave a red precipitate when it was concentrated. 
The product was red. 

Expt. 5. This experiment was very much like Expt. 4 with the excep¬ 
tion that no charcoal was added The solution was red and yielded a 
colored product. 

Again a few general conclusions can be drawn. In concentrated solu- 
twtis of ammonia certain reducing agents such as iron filings and activated 
charcoal have a marked favorable effect on the appearance of the final 
product. The former, however, tends to hinder the reaction, while 
activated charcoal is free from this objection. Th®?5 effect? $re pot 
fic$e$d jn dil. arojnoni^ sdptiop. 
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The Conversion of Chlorobenzene into Aniline.—The preparation of 
aniline from chlorobenzene is of greater scientific interest than it is of 
practical importance. Outside of the patent already mentioned in the 
introduction no mention of this reaction can he found in the literature. 

The object of this work is to find, first, whether aniline is actually 
produced; second, what conditions are necessary and what yields are ob¬ 
tainable; and third, whether condensation such as the formation of di- 
phenylamine takes place. 

The experiments on chlorobenzene like those of dichloro-bcnzene, were 
carried out in the steel bomb at a temperature around 200 °. The pro¬ 
cedure was simple. The contents of the bomb were acidified and steam 
distilled, whereupon the undeenmposed clilorobenzcne distilled off. As 
soon as the distillate was clear, the distillation was stopped, and residue 
remaining in the flask was made alkaline with sodium hydroxide and again 
steam distilled. 'Hie aniline came over as a light brown oil. It was 
extracted with ether and dried over solid sodium hydroxide. The product 
was fairly pure aniline, for almost all distilled at 183°. The liquid re¬ 
maining in the flask after the aniline had been steam distilled off was 
extracted with ether, but the extract yielded nothing, thus showing the 
absence of diphenylamine, for this compound is non-volatile in steam and 
soluble in ether. In the experiments as listed in Table III one can see 
that an appreciable amount of chlorobenzene is unaccounted for. Part 
of the loss may have been due to failure in not removing all the aniline 
and chlorobenzene, but other compounds may have been forming which 
were not isolated. 


Tabus III. 


50 g. of chlorobenzene was employed in every experiment. 
Time of beating' iS hours. 

Yield oT 



Aiitmonin used 

Temp. 

*C 

\j n deconi p 
CribCI. 

c. 

•mime 


Catalyst 

used. 

Eupt, 

Cc 

%' 

G 

%. 

1 . 

150 

25 

*95 

9 

16 

39 

CuSO, 

2. .... . 

■ • >50 

27 

2 JO 

O 

16 

39 

CuCI 

3 . 

. . 150 

27 

200 

• 

*3 

32 

CuCl 

4 . 

150 

14 

200 

a 

14 

34 

CuCI 

j. 

135 

27 

210 

12 

>3 

32 

CuCl 

6 . 

. 150 

27 

210 

4° 

O 

O 

Cul 

7. 

. , 150 

>4 

210 

30 

O 

O 

Cal 


* The chlorobenzene was not determined. 


From the results as tabulated in the above table one can see that the 
yield is low. Expt. 1 followed the directions as given in the patent in 
all details except that the time of heating was 18 hours instead of 20. 
The patent, however, claims an 80% yield, whereas in this experiment it 
was found that not even half that yield was obtainable. 

The concentration of ammonia between 14 and 27% seems to have no 
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marked effect. The effect of temperature is greater In order to bring 
about a complete decomposition of chlorobenzene a temperature higher 
than 200° must be employed, but even then the yield is not increased. 

One striking fact brought out in Expts. 6 and 7 is that cuprous iodide 
does not seem to possess catalytic properties in either cone, or dll. am¬ 
monia 

As has already been mentioned, no diphenylamine could be isolated 
in these experiments. Since a certain patent previously discussed claims 
that bromobenzene and aniline react in the presence of cuprous iodide 
to form diphenylamine, it was considered advisable to try it out. The 
directions were followed exactly. A mixture of 30 parts of aniline, an 
excess of bromobenzene, and one part of cuprous iodide were heated for 
15 hours with a reflux condenser. Little reaction took place, although 
the reaction mixture turned blue in color. Practically all the aniline and 
bromobenzene were recovered. No diphenylamine could be detected. 

A s imilar mixture was heated under pressure in the steel bomb. Chloro¬ 
benzene, however, was used instead of bromobenzene. A temperature 
of 220 0 was maintained for rS hours. Again no diphenylamine could be 
isolated. 

Summary. 

A number of inorganic salts, including various salts of copper have 
been investigated to determine their labilizing effect cm the chlorine in 
p-dichloro-benzene. 

p-Phenylenediamine has been prepared by the action of ammonia on 
p-di chlorobenzene in the presence of cuprous salts The methods used 
for isolating the free base as well as the hydrochloride have been described. 

Aniline has been obtained by the action of ammonia on chlorobenzene 
in the presence of a copper salt. 

An attempt to condense chlorobenzene and aniline in the presence of 
cuprous iodide has failed. 

The author takes this opportunity to express his thanks to Professors 
R. Fischer, L. Kahlenberg and G. L. Clark for helpful suggestions. 

W*M muM. Tm. 
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Introduction. 

It has been shown by Rather and Reid* that phenacyl esters are in 
some cases superior to p-nitrobenzyl esters for the identification of adds, 
but in a number of cases the phenacyl esters are oils or low-melting solids. 
It is well known that p-nitro and p-bromophenyl liydrazones are some¬ 
times solids when the unsubstituted hydrazones are oils. Previous work 
has shown that p-nitrobenzyl bromide is much more satisfactory than 
p-nitrobenzyl chloride on account of greater promptness and complete¬ 
ness of reaction with alkali salts. As p-nitro-acetophenone is not readily 
accessible, p-bromophenacyl bromide appeared to be the most promising 
reagent. 

The results have confirmed this prediction A number of p-bromo- 
phenacyl esters have been prepared and their properties studied. Partly 
for comparison, and partly to secure additional derivatives which might 
be of use in doubtful cases, some of the corresponding p-chloro- and 
p-iodophenacyl esters have also been studied. 

Historical. 

p-Chlorophenacyl bromide, ClC«H,COCH^r, or 4-chloro-i'bromo- 
acetophenone was made by Collet* by the Friedel and Craft reaction from 
monochlorobenzene and bromo-acetyl chloride. Later he prepared it by 
first making p-chloro-acetophenone 4 by the Friedel and Craft reaction 
and then brominating the methyl group. His product melted at 96-96.5°. 

p-Brotnophenacyl bromide, ErCflLCOCHjBr, or 1 ',4-dibromo-aceto- 
phenone, was also made by Collet by the same methods. The melting 
point, as observed by him, was 109-109.5°. 

p-Iodophenacyl bromide, IC*H*COCH*Br, is not described in the 
literature. 

Of the p-balogenpbenacy! alcohols, only the p-chlorophenacyl alcohol, 
ClC«H«COCHfOH (also known as p-chlorobenzoyl carbinol), is described 
in the literature Straus 6 first made this compound from the acetate, 
which is also the only p-halogenphenacyl ester described. Upon boiling 
V-chloropbenacyl bromide in alcoholic solution with sodium acetate and 
a little acetic acid, he obtained the p-chlorophenacyl acetate which 

1 From a dissertation by W. Lee Judefmd. 

* Tara Journal, 41, 75 {*919). 

• Com pi. rend., lag, 7«7 (189?)- 

4 Butt. set. Mm., (g) si, 69 (1899), 

Mw, 39 ), 33 i (« 9 »). 
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melted at 65-66.5°. He then hydrolyzed the acetate by boiling it in 
water with barium carbonate. The alcohol crystallized out in needles 
melting at 122-3°. 

Preparation of Reagents. 

All 3 of the reagents were made by the second method used by Collet 
(q. v.). The materials used for their preparation were commercial prod¬ 
ucts, which were redistilled until a fairly high degree of purity was obtained. 

The p-chlorophenacyl bromide was the least difficult to prepare. It 
was found by experiment that for the best yield of p-chloro-acetophenone 
(of p-brorao- and p-iodo- also), the following proportions of materials are 
to be used: one mole of monochlorobenzene, or 112 g. (157 g. of brotno- 
benzene, or 204 g. of iodobenzene), 85 g. of acetyl chloride (10% excess), 
150 g. of anhydrous aluminum chloride (10% excess) and 250 g. of car¬ 
bon disulfide as solvent. The chlorobenzene, aluminum chloride and 
carbon disulfide were put in a balloon flask fitted with a reflux condenser. 
The acetyl chloride was added through the condenser in 5 g. portions at 
intervals of about half an hour. In order to start the reaction it was 
necessary to immerse the flask in warm water for a short time, after 
which the reacting mixture was cooled with tap water, so that a slow 
evolution of hydrochloric acid occurred. If the temperature is kept low 
the formation of gummy products is almost entirely avoided- After the 
reaction was completed, 1. e., when the evolution of hydrochloric acid 
ceased, the mixture was heated on a water bath at 70-80° in order to 
drive off the carbon disulfide. The product was then decomposed grad¬ 
ually with ice water (or cracked ice). The p chloro-acetophenone separated 
as a heavy, yellow oil, which was dried and distilled under reduced pres¬ 
sure. The distillate was redistilled at atmospheric pressure, the portion 
going over between 230° and 240° being kept. Gautier* gives the boiling 
point as 232°. 

The p-chloro-acetophencme, dissolved in glacial acetic add (about 50 
g. in 100 cc.) was treated with one molecule of bromine, the latter being 
added slowly in order to keep the temperature of the reacting mixture 
from rising too high. A slow, constant evolution of hydrobromic acid 
is desirable. The p-cblorophenacyl bromide separated in yellow crystals 
as it was formed. 

Upon completion of the bromination the mixture was cooled to 0° 
and the crystals collected on a filter. To separate them further from any 
oily material the crystals were centrifuged. The crude product was then 
dissolved in the least amount of 95% alcohol possible and boiled a few 
minutes with a mixture of animal and prepared wood cha rcoal. The 
saturated solution was then filtered quickly through a hot filter, tile p- 
chJorophenacyl bromide separating cm cooling as fine, white crystals. 

1 An*. ekim. phys., (6] 14, 373 (1886). 



PARA HAUXJBN PHENACYE ESTERS. 


1045 


Only one recrystallization of the crude product was necessary to give 
the pure reagent melting at 96.5 °. 

The p-bromophenacyl bromide was made similarly. Instead of ob¬ 
taining an oil in the first reaction, however, the p-bromo-acetophenone 
separated as a solid melting at 50.5 °. The melting point of this com¬ 
pound, as determined by Schweitzer, 1 is 51 Upon bromination, as 
above, p -bromophenacyl bromide was obtained as brownish yellow crys¬ 
tals, which required 3 recrystallizations from 95' l alcohol before giving 
fine, white crystals melting constant at 109.7 

Similar methods were used in the preparation of the p-iodophenacyl 
bromide. There seems to be some doubt in the literature as to the exact 
melting point of p-iodo-acetophenone. Klingel* made this compound 
from p-amido-acetophenone by the diazo-reaction, and obtained a product 
melting at 79 0 . Uater Schweitzer,* using the Friedel and Craft reaction, 
prepared a compound melting at 85 °. Schweitzer did not determine the 
position of groups in his compound, but assumed that, since the analogous 
method of preparation gave a p-chloro- and p-bromo-acetophenones, that 
his product was p-iodo acetophenone. The compound obtained in this 
laboratory was a dark brown mass, which, when centrifuged and recrys- 
taUized from 95% alcohol, gave fine, yellow crystals melting at 83.5°. 
Some of the purified material was dissolved in glacial acetic add and 
heated with a slight excess of chromic acid The oxidation product was 
precipitated by the addition of water, filtered, washed and dried. It 
melted at a65 The dry product was then dissolved in sodium carbonate 
solution and precipitated by dil. sulfuric acid. The compound again 
melted at 265°. The melting point of f-iodobenzoic acid is given as 
265-6°. This shows that the —COCHi group enters the para position 
and that the compound is actually p iodo-acetophenone. 

The P'iodo-acctoplienone was then bromiuated, as above. After 5 
recrystallizations from 95 r alcohol, piodophenacyl bromide was obtained 
as fine, slightly yellow crystals melting at 113.5 0 . Small portions of the 
product were recrystallized from carbon disulfide, ether and benzene, 
and in ail cases white crystals, turning yellow in the air and melting at 
113-5 ", were obtained. The p-iodophenaeyl bromide on analysis gave 
Calc.: I, 39.06, Br, 24.59. Found: 1 , 38.90; Br, 24 57. 

The bromination of the halogen acetophenones may be carried out in 
tar bon disulfide also, but much better results are obtained with glacial 
acetic acid as a medium. 

No special attempt was made to obtain the very best yields of final 
products, the main object being a fairly high degree of purity. The yields 

* Btr„ 24. 550 (1891). 

* Ibid , ll, 2692 11865). 

* Ibid., * 4 , 551 (1691). 
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(calculating from the amount of phenyl halide used) of crude products 
in the case of the p-chlorophenacyl bromide were 78-82% (80-85% yield 
of the p-chloro-acetophenone in the first stage and 94-96% of the p- 
chkjro-acetophenone converted to p-chlorophenacyl bromide in the sec- 
mid stage), of the p-bromo compound 70-75% (70-80% yield in the first 
stage and 90-95% yield in the second stage), and of the p-iodo com¬ 
pound 55-60% (50-60% yield in the first stage and 90-95% yield in the 
second stage). 

Method of Work. 

The method of preparation of the esters was similar to that used in 
previous work 1 on the identification of acids. In the case of the p-chloro- 
phenacyl esters 0.84 g. of reagent was used, of the p-bromo esters one g., 
and of the p-iodo esters 0.58 g., equivalent to 0.5 g. of the p-bromo, the 
smaller quantity being used on account of lower solubility. In a few 
cases where the degree of solubility of the esters could be predicted, 1. e., 
extremely soluble or difficultly soluble, more or less of the reagent was 
used as desired. For the addition of solvent, the calculation of the per¬ 
centage composition of solvent and the filtration and washing of pre¬ 
cipitates, the method of procedure adopted by Rather and Reid (q. v.), 
was followed. Monobasic acids were heated on the water bath for one 
hour, except acetic, propionic, glycolic and lactic which were heated only 
from */« to '/« hour, dibasic acids were heated 2 hours and tribasic 3 
hours. The precipitation of the esters was brought about by immersion 
of the flask in tap-water, except in a few cases where it was necessary to 
corf to o° in order to start crystallization. The reagents and adds were 
weighed to 0.01 g. and the alcohol and water measured from pipets. 
Where it was possible to obtain them the alkali salts of the adds were 
used, otherwise the free add was not quite neutralized with sodium car¬ 
bonate in the reaction flask just before the reagent and alcohol were added. 
In the case of stearic, palmitic and margaric adds a solution of sodium 
alcoholate, containing the required amount of base, was added to the 
add and warmed until the sodium salt of the acid precipitated on cooling. 
The reagent and solvent were then added and the ordinary procedure 
followed. 

Recrystallization of the esters was carried out until a constant melting 
point was obtained. The melting points were taken in a small beaker 
containing cone, sulfuric add which was well stirred. The same ther¬ 
mometer was used throughout, no corrections being applied. The ther¬ 
mometer registered correctly at o° and 0.1 0 too low at 100°, while the 
m elt in g point of pure benzoic add taken under the conditions used was 
121.5 0 as compared with the correct melting point of 121.25*. 

* This Jouxiuu, 39 . *24, 701 «ad 1727 (* 9 » 7 ); 4 b 7 J <1919). 
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The solubilities given for the esters are only approximate. The sol¬ 
ubilities in the tables below were determined for the boiling alcoholic 
solution of the percentage composition expressed under "% Solvent” and 
for the solution cooled to about 20-25 

Results. 

The results of the investigation are given in the following tables in the 
form used by Rather and Reid (q. v.). Table I contains the p-chloro- 
phenacyl esters, Table II the p-bromophenacyl esters and Table III the 
p-iodophenaeyl esters. The first line represents the original preparation 
and the following lines each succeeding crystallization. The first crop 
is the quantity of ester precipitated on cooling the alcoholic solution of 
the percentage composition stated. The second crop is the quantity of 
ester held in solution at 20-25 0 and precipitated by dilution with water. 


Table I. 

p-Chlorophenacyl Esters. 



Solvent 

Kir#t crop 

Second crop 

% 

yield 

of 

Cc, solvent 
to diMolv« 

1 g, of e*ter. 

Acids, 

% 

Cc. 

Wt 

M. p • C. 

wt 

M p. ‘C 

e*ter 

Hot Cold. 


f 47 

20 

0 46 

65 6 

0 14 

62 8 

76 

.... 

Acetic 

'3. 

30 

0 35 

66 8 

trace 



65 ado 

CH.COOH 

31 

22 

0.26 

67 2 

trace 

66 


. 


1 3 ‘ 

'5 

O 20 

67.2 

trace 



. 

Aconitio 

C*H,(COOH), j 

f 76 

35 

0 33 

167 4 

emulsion 

44 

... .... 


JO 

0 08° 

16S 8 

0 17 

168 8 


315 650 


95 50 o 06' 169 


* Portion of 1st 1st dissolved by jo tc. of 95% EtOH. 

* Portion undissotved. 

* Portion of b dissolved by 50 cc. of 95% EtOH. 



• Portion of l*t 1st dissolved by jo cc. of 95% BtOH. 
1 Portico uadissohred. 
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Tab:,e II 


P-Bromophenacyl Esters. 


Cc. solvent 



Solvent 

First crop 

Second crop 

yield 

to dissolve 

1 g of ester. 

Acids 

% 

Cc 

Wt. 

M p • C 

Wt 

M p • C 

ester 

Hot 

Cold. 

Acetic 

f 60 

16 

0 55 

84 5 

0 25 

82 5 

86 5 



CHjCOOH 

140 

*4 

O 48 

85 

O 01 

82 8 

■ - * 

37 

310 


[ 40 

14 

0 41 

85 

O 03 

83 8 




Aconitic 

f 79 

36 

0 41 

184 

Oil 


45 



C,H,(COOH), 


70 

0 03* 

184 

0 28* 

4 

186 


540 



1 95 

SO 

O Ol” 

186 

0 23 

18 l 5 



• • 

The ester 

precipitated almost entirely from the hot 

solution 





* Portion dissolved by 70 cc. of 95% EtOH 
b Portion imdissolved 

* Port ion of ( 6 ) dissolved by 50 cc o! 95 Vt EtOII 

* Portion of ( 4 ) undissolved. 


Anisic 

f 86 

55 

117 

152 

tract* 

, 

93 5 


p-CH,OC«H,COOH 

{ 95 

80 

101 

*52 

0 06 

152 

68 

625 

Benzoic 

'63 

30 

0 69 

119 

0 04 

110 

85 


C.EUCOOH 

l«4 

22 

0 64 

119 

0 03 

US 2 

31 

47° 

Another preparation gave a 1 leld of 92% and melted at 

119 0 . 



Butyric, normal 

ff 

is 

0 62 

6? 

0 23 

60 a 

80 5 

. • 

CH1CH1CH1COOH 

If 

■4 

0 48 

63 2 

0 I! 

63 

22 

no 


6l 

M 

0 36 

63 2 

0 II 

62 5 



Butyric, iso. 

(63 

18 

0 72 

76 2 

0 23 

74 

93 


(CH,),CHCOOH 

l 

17 

0 55 

76 8 

0 14 

75 

23 

95 


46 

25 

° 5‘ 

76 S 

0 01 

74 



Capric 

f 76 

25 

I 12 

66 

0 os 

50 

87 5 ... 

.... 

CH»(CHt)»COOH 

, 80 

26 

0 99 

66 


65 

23 

215 

Caoroic 

f 67 

17 

0 92 

71 

0 06 

66 

88 


CH.(CH,)«COOH 

f 

43 

0 76 

71 6 


70 5 

46 

270 


62 

35 

0 65 

71 6 


7> 



Capryhc 

7' 

40 

0 97 

65 

0 13 

60 

90 


CH»(CH*}«COOH 

6.3 

45 

0 87 

65 5 

0 oH 

63 

.. 46 

45° 


65 

41 

0 79 

65 5 

0 07 

64 


.... 

Chtaamic 

66 

100 

O 81 

146 



80 ... 

.... 

CtHtCB:CBCOOn 

73 

6? 

0 79 

145 6 



Hi 

3700 


73 

65 

0 75 

145 6 


•• 



Citric 

87 

60 

O 38 

148 



40 s ■■■ 

.... 

HOC*H<(COOH), 

95 

85 

O 34 

148 



220 

1050 


If the solution is cooled too rapidly, the 

9 

3 

1 

i 



as a gum. 






Erode f 

84 

34 

t 74 

6l 

016 

51 

90 5... 


c,h„ch : (chch,; u - \ 

88 

44 

1 62 

6l 



.... 45 

360 

COOH 









Ethyl- glycolic J 

54 

35 

0 79 

104.8 

0.14 

S» 

«5 ... 


CjHjOCHjCOOH \ 

47 

28 

0.71 

104 8 

... 


.... 33 

360 
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Table II {continued), 













Cc, solvent 








% 

to dauefre 


Solvent 

First crop. 

Second crop 

yield 

1 g. of ester. 

Add*. 

% 

Cc 

Wt. 

M p ’ C 

Wt 

M p ° C 

Oi 

ester 

Hot. 

Cold, 


47 

20 

0 71 

134 6 

0 09 

121 

81 

. . . 

.... 

Glycolic 

23 

40 

0 6r 

>33 






OHCHjCOOH 

47 

20 

0 4 .5 

Ij6 


123 5 


32 

•25 


47 

14 

0 3 <i 

138 







147 

xo 

0 31 

138 






Hippuric | 

' 76 

25 

I 06 

I 5 '> 

O 15 

130 

89 



CnHjCONHCHi- \ 

1 52 

45 

1 00 

151 

0 03 

15 * 


42 

750 

COOH 1 

1 50 

42 

0 94 

151 






Ifydrociimamic ! 

f 76 

25 

I 19 

704 

O 05 

102 

95 5 


, , . , 

CiHuCHiCHiCOOH ! 

{ <>7 

35 

1 14 

104 

O 02 

103 5 


30 

625 


63 

18 

0 19 

J 12 8 

O 58 

ill 

74 



i. T,actic 

21 

3 S 

0 59 

112 





.... 

CII.CHOHCOOH 

19 

25 

0 50 

112 8 

O 02 

112 2 


42 

280 


19 

21 

0 42 

1 12 8 




. . . 



The 

1st ist 

and ist 2nd crops were added. 

together and 



dissolved in 58 cc. of 21% 

alcohol, the 

0 59 g of ester pre- 



cipitfltmg being called 2nd 

ist crop. 




haevu/imc j 

' 63 

>5 

0 74 

84 

O 24 

82 

86 5 

.,. 

.... 

CH,CU(CH,hC(Xm j 

36 

&5 

0 J8 

84 

O 06 

»4 


90 

425 

. 39 

5 '’ 

0 47 

84 

O 05 

84 



.... 

Marganc 1 

' 95 

30 

I 41 

78 2 

gum 


84 


.... 

CH,(CH,)„CCX)H | 

1 9 < 

32 

I 18 

78 2 


7 & 


36 

22s 

Palmitic 1 

i 95 

30 

I 41 

81 5 

gum 


86 


.... 

CH,(CH,)„COOH | 

; S3 

34 

1 IS 

81 5 


80 8 


24 

150 

Phenylacetic j 

C,H»CH,COOH 

1 76 
m 

176 

25 

18 

20 

O 62 

0 48 

0 26 

88 6 
89 

89 

0 22 

0 03 
0.17 

87 

86 

88 8 

94 

30 

130 

Propionic 

[S 3 

•3 

O 56 

58 8 

o 36 

55 5 

94 

... 

.... 

CHjCHjCOOH 

, 4 « 

25 

0-47 

59 

0 05 

59 


44 

300 

1 47 

20 

O 35 

59 






Pyromucic ( 

f 76 

25 

0 98 

*38 5 

0 07 

115 

88 



C»H«OCOOH 

U '7 

28 

0 90 

138 5 

0 03 

>38 j 


28 

350 

Salicylic j 

f 76 

25 

0 8H 

140 

(o 2) 

fioi) 

73 

. . , 

• a * * 

o-OHC»H«COOH 


62 

0 85 

140 

0 01 

•38 


70 

2700 

Sebacic 

[ 76 

23 

0.90 

142 

0 18 

112 

75 

... 

. ..a 

COOH(CH,),COOH 

ft. 

95 
l 93 

80 

Go 

O 29° 
0. 26* 

•47 

•47 

0.55 

•47 


230 

» 3 SO 

* Portion of ist ist dissolved by 8o cc. of 9s% EtOH. 




* Portion ttndissolved. 









* Portion of * dissolved in 6o cc. of 95% EtOH. 





Sorbic 

f 76 

25 

0 95 

129 

0 04 

118 3 

89 

... 


CH,(CH:CH)»COOH 

\ 63 

45 

0.91 

129 

0 02 

128.6 

47 

*300 

Stearic , 

(« 

42 

1.30 

78 

0.13 

78 

84 

• a » 

* a * * 

CH*(CHj}j«CQOH 

1*7 

6S 

i .*4 

78.5 

a. a 

78-5 


SO 

410 
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Tabu; II (continued). 



Solvent. 

First crop 

Second crop 

r §4 

Cc. solvent 
to dissolve 

I g. of ester. 

Adds, 

%■ 

Cc. 

Wt. M. p • 

C. Wt M.p * C. 

ester. 

Hot. Cold. 

Succinic 

\ 86 

35 

O.44 210 

(0.29) (105) 

47-3 

. 

(CHjCOOH), 

: 95 

60 

O.Ol“ 3 II 

0 39* an 


1200 .... 


[95 

60 

O Ol“ 211 

0.35* 21t 




* Portion of ist ist dissolved by 60 cc. of 95% EtOH. 

* Portion undissolved. 

‘ Portion of B dissolved by 60 cc. of 95% EtOH 
‘ Portion of B undissolved. 


Thiocyanlc HCNS 


o-Toluic 

o-CH,C«H(COOH 

rw-Toluie 

m-CH,C»H»COOH 

p-Toluic 

p-CHjC»H<COOH 

Tricarballylic 

CjHi(COOH), 


so 

38 

0.73 

147 5014 

132 

94 


.... 

80 

30 

0.60 

146.5 0 10 

Hi 

.. 

. . 41 

240 

60 

32 

053 

J46.3 0 05 

H 5 




The p-chloro- and f-bromo-thiocyanates 

are 

pale : 

pcUowis 


green in color, the only colored esters obtained. 


76 

25 

0.51 

58 (0 27) 

(62 s) 

57 



54 

35 

0.45 

56 9 emulsion 



68 

530 

65 

4 i 

0.24 

569 





71 

40 

0-75 

108 5 emulsion 


84 



65 

32 

0 69 

108 emulsion 



42 

500 

65 

29 

0.63 

108 emulsion 



. 

.... 

81 

35 

0.79 

153 trace 


88 


.... 

79 

60 

0.74 

153 trace 

153 5 


• 76 

UOO 

81 

35 

0 69 

137 6 oil 


76 



95 

105 

0.50" 

1)8 2 0 n* 

137 8 


. 180 

1330 

95 

90 

0 42' 

138 2 

138 





* Portion of ist ist dissolved by 105 cc. of 95% EtOH. 

* Portion undissolved. 

* Portion of * dissolved by 90 cc. of 95% EtOH. 


Valerie, normal 
GHj(CH»)«COOH 

Valeric, iso 
(CHj)iCHCH»COOH 


Another preparation melted at 68°. 


63 

IS 

0.84 

63 6 

O. 14 

58 91 



67 

21 

0.61 

63 6 

O 20 

625 

35 

IOO 

66 

20 

0.31 

65 

0 39 

51 3 84 


.... 

66 

20 

0 41 

67 

0 03 

39 »4 



037 

g- of 

2nd ist 

taken and dissolved In 33 cc. of 40% 


alcohol. 






40 

33 

0.33 

68 

O Ol 

67 90 

90 

730 

4 l 

33 

0.31 

68 




.... 


Esters Unsuitable for Identification. 

The p-bromophenacyl esters of asparaginic, maleic, racemic and tar¬ 
taric adds were obtained in small quantities, but were very difficultly 
soluble in boiling 95% alcohol. These esters did not melt, but decom¬ 
posed on heating and hence are of no value for identification purposes. 
The p-brOmophenacyi ester of mudc add was obtained in a minute quan¬ 
tity, insufficient to recrystallize. It decomposed at 215-225®. It was 
thought that the p-chlorophenacyl esters of the above adds would melt, 




Acidi. 

Acetk 

chk:ooh 


Benzoic 

CeHeCOOH 

Butyric, normal 
CH.(CH,),COOH 

Butyric, iso 
(CH,),CHCOOH 

Capric 

CH,(CH,),COOH 

Caproic 

CH,(CH,) 4 COOH 

Caprylic 

CH,(CH,),COOH 

Erudc 

C*H„CH:CH- 

(CHj)uCOOH 

i. Lactic 

CHjCHOHCOOH 


Margaric 
CHj(CHt) uCOOH 

Palmitic 

CH»(CH,)„COOH 

Propionic 

CH«CHtCOOH 

Stearic 

CH,{CH»),«COOH 

VjUeric, normal 
CB«(CHi}iCOOH 


Valeric, iso 
(CH,),CHCH,COOH 


para halogen phenacvl esters. 
Table III. 

i^-Iodopbenacyl Esters. 

Solent. Fleet crop 


8 l 


1 95 


IO5X 


C*. etheit 
to mimi/fci 


. Cc. Wt. 

M. p, • C. Wt 

M. p. • C. 

of 

ester. 

Hot. 

1 30 O.J7 

113 

0.16 

no 

90 


> 31 0.38 

1I 4 

O. I4 

1132 

36 

1 21 0,26 

114 

0.09 

i« 3-5 


35 0 46 

126.5 

O.II 

123.5 

86 


3 ° 0.+3 

126 5 

0.02 

126 


65 

40 0.48 

80 8 

0.36 

78 

87 

16 0.25 

8l .2 

0.20 

80.8 

33 

15 0.12 

81.4 

O. IO 

81.4 


2 4 0.75 

109 

O.II 

102.5 

95 


25 0 62 

109.2 

O. IO 

107 

33 

31 0.63 

80 

0.03 

77 

88 


24 O.JO 

so 

o.so 

79 9 

. . 

37 

32 0.73 

81.4 

0.15 

78 

92 


34 0 58 

81.5 

0 14 

80.fi 

45 

40 O S 3 

77 

0.07 

74 

86 


22 0 34 

76.8 

0 15 

75 


41 

*7 0 14 

77 

0.16 

76.8 


40 «-93 

72.6 

oil 


92 


54 IS« 

736 

gum 


28 

50 I.4O 

73 8 

0.06 

725 

. . 

26 0.55 

138.8 

0.18 

'34 5 

81 


34 0.34 

139 8 

0.14 

138.2 


6l 

22 0.24 

1398 

0.07 

139 


30 o.6i 

89 

gmn 


66 


30 0 48 

88.8 

trace 

88.8 


49 

3° 0 69 

90 

gum 


77 

21 0 66 

90 

trace 


30 

44 0.83 

94 6 

0.21 

91 

91 


17 0.61 

94 9 

0 18 

93 6 


20 

15 0.44 

94 9 

0.14 

94-» 



30 0.79 

90 8 

0.09 

74 

93 


26 0.77 

90.5 

trace 


3 * 

20 0 43 

76 

O.II 

72 

87 

18 O.Ji 
>4 0.22 

78.6 

78.6 

0.10 
0.07 

75 

77-9 

4 * 


7 t 
68 
t S8 

f 68 18 1.00 
<53 30 O.75 
l 63 aa 0.6* 


7 a 

78.8 

78.8 


0.33 

o.ao 

trace 


6M 

7 i 

7 i 


99 


Another preparation of normal valerate gave a 
and melted at 78.6*. 


3 o tao 
yWd of 93% 
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but the ester of asparaginic decomposed at 145-150° and that of racemic 
decomposed at 180-190°. It was, therefore, not considered worth while 
to try tartaric, maleic or mucic acids. The data in regard to the p-bromo- 
phenacyl esters of asparaginic, maleic, racemic and tartaric acids is given 
in Table IV. 

Table IV 

p-Bromophenacyl Esters 


Acid# 

Solvent 

% Cc 

First 

Temp cf 
deeomp 
Wt °C 

Second 

Temp of 
decoxnp 

Wt °C 

ywld 

of 

ester 

Cc no j vent 
to dissolve 

1 g o< eater 

Hot Cold 

Asparaginic ! 

I 83 

40 

0 26 

I40“50 

oil 


22 

... 

.... 

NHjCO(NH)»- \ 

95 

70 

Ao 03 

175-6 

Bo 11 

170 


470 

.... 

CjH,COOH 1 
Maleic 

l 

f 80 

36 

0 34 

190 

(0 41) 

(100) 

27 



HOOCCH : 1 

l 95 

60 

Ao 03 

168-70 

Bo 10 

22S-30 


420 

900 

CHCOOH 
Racemic 1 

ft. 

40 

0 47 

204-6 

(0 16) 

(108 8) 

48 



(OHCHCOOH) 1 

1 95 

70 

Ao n 

204-6 

Bo 32 

205 


460 

1600 

Tartaric 1 

(OHCHCOOH) | 

'7. 

[ 95 

40 

60 

0 56 
Ao 04 

170 

210-15 

(0 16) 

Bo 44 

(109) 

215-6 

57 

490 



In all the above cases A is portion of 1st 1st dissolved by 95% EtOH and B is the 
portion undissolved. 


Acids Giving Negative Results. 

These acids were tried with the p-bromo- and f-iodophenacyl bromides. 
Gallic add gave a precipitate only in extremely dilute alcohol solutions. 
This was unsatisfactory as it was finely divided and difficult to filter and 
dry. It decomposed at 175-190° without a definite melting point. 

The sodium salt of linoleic add seemed to react with the reagents to 
a small extent only and the precipitates obtained with both reagents were 
saturated with an oil which could not be entirely removed The melting 
points of both esters were about the same and kept slowly rising with 
each recrystallization, running from 66° to 78°. 

Oleic add behaved similarly with both reagents, the melting points of 
the supposed esters running from 55 0 to 65 °. 

It is possible that the small predpitate formed was the ester of some 
other fatty acid present as an impurity in the linoleic and oleic adds, and 
from which they could not be separated. 

Oxalic, monochloro-acetic and trichloro-acctic acids did not react at 
all as the pure reagent was obtained from the solutions nearly quan* 
titatively. 

Formic add in 2 cases did not react as the reagent was recovered pure. 
* to ooe case a small amount of a predpitate was obtained, before the 
reagent separated, which softened and melted at 113-9°. Not enough 
of this was obtained with which to work, and further attempts gave none 
at all. 
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The only acid to give a liquid ester was a-oxybutyric. This was tried 
with both the p-bromo- and p-iodophenacyl bromides., but in both cases 
the esters remained oils at o°. 

Analysis of Esters. 

Several esters were chosen at random and analyzed. The results are 
as follows : 


Aus*]}4is for 

Calc 

Found 

Iuttcr 

% 

% 

p-Bromophenacyl-w-toluate-Br 

24 OO 

24 23 

p-Broraophenacy! thiocyanate-Br 

31 20 

3 * +2 

p-Chlorophenacyl benzoate Cl 

12 91 

13 10 

p-Bromophenacyl benzoate Br 

25 04 

25 14 

p-iodophenacyl benzoate-I 

34 

34 88 

p-Iodophcnacvl norm \a!er<ite I 

36 66 

3 *> 57 


This seemed to indicate that the reagents were reacting in the way ex¬ 
pected. 

Comparison of p-Halogen Phenacyl Esters with Phenacyl and 
p-Nitrobenzyl Esters. 

As can be seen, by comparing Tables I, II and 111 , the yields of p- 
chlorophenacyl esters are slightly lower than the yields of corresponding 
p-bromophenyl esters, and those of the p-b.omo are lower than those of 
the p-iodophenacyl esters. 'Hie same relation holds for the melting points 
although the difference is more marked than in the case of the yields, 
the melting points of the p-chloro esters running about io° lower than 
those of the p-bromo esters, and those of the p-bromo esters about io° 
lower than those of the p iodo esters 

For general purposes the p-bromophenacy 1 esters are more useful for 
identification than the p-chloro- or p-iodophenacyl esters. On comparing 
tS of the. p-bramophenaeyl esters with the corresponding p-nitro- 
bertzyl esters the yields in both cases average 8o ( [, while the average 
melting point of the p-nitrobenzyl esters is 84 1 0 and of the p-bromo- 
phenaeyl esters is ri8.8°, giving 34 7 0 in favor of the latter 
Comparing the p-bromophenacyl esters with the corresponding phenacyl 
esters it is seen that although the average yield of the former is only 70% 
while that of the latter is 82%, the average melting point of the former 
is 130.7 0 against only 9P.3 0 for the phenacyl esters. 

In every case the p-bromophenaryl ester melted higher than the 
corresponding p-nitrobenzyl or phenacyl esters. 

A further comparison of the value of the reagents shows that phenacyl 
bromide is particularly good in the case of the dibasic acids, p-Brorfto- 
phenacyl bromide gave very poor results with dibasic acids, bat for mono¬ 
basic acids, especially those of the formic add series, it gave better results 
than any other reagents thus far tried. 
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p-Halogtm Phenacyl Alcohols. 

Since the p-halogen phenacyl esters are derivatives of the correspond¬ 
ing alcohols, it was considered to be a matter of interest to prepare the 
latter. The method of preparation was similar to that used by 0 . Fis¬ 
cher 1 for benzoyl carbinol, and recommended by Straus for the p-chloro- 
phenacyl alcohol, i. e., the hydrolysis of the p -halogen phenacyl acetates 
in water containing a slight excess of barium carbonate. The following 
proportions of materials were used with good results: 2 g. of p-chloro- 
plienacyl acetate, one g. of barium carbonate and 100 cc. of water; 2 g. 
of p-bromo-acetate, 0.8 g. of barium carbonate and 125 cc. of water; 
and 2 g. of p-iodoacetate, 0.7 g. of barium carbonate and 150 cc. of water. 
The acetate was put in an Erienmeyer flask with the required amount of 
barium carbonate and water and refluxed for about one hour. The 
solution was filtered hot, the alcohol crystallizing out, upon cooling, in 
fine, white plates. The p-chlorophenacyl alcohol melted at 122.4°, when 
crystallized from water, ether and absolute alcohol, which checks well 
with Straus’ observation of 122-3°. p-Bromophenacyl alcohol melted at 
136.6° and p-iodophenacyl alcohol melted at 152°. The alcohols are 
very soluble in ether, hot water and hot alcohol, crystallizing well from 
the latter. Analyses of the £-bromo and />-iodo alcohols gave the follow¬ 
ing results: 

Calc, for £-bromophenacyl alcohol Br, .17 >6. Found' 3698. 

Calc, for p-todophenacyl alcohol- I. 48 43 Found: 48 14. 

The analyses and melting points (crystallization from water, ether and 
alcohol giving identical melting points) also indicate that the alcohols 
contain no water of crystallization. No analysis of the />-ehlorophenacyl 
alcohol was made, as it was evident that it was identical with the com¬ 
pound prepared by Straus, who analyzed Us product. 

Summary. 

The p-halogen phenacyl bromides, particularly p-bromopheoacyl 
bromide, serve as useful reagents for the identification of acids, especially 
monobasic aliphatic acids. They are easily prepared and react readily 
with the alkali salts of the adds when boiled in dil. alcohol solutions. 
The range of the melting points of the esters is very convenient for iden¬ 
tification purposes. 

The following esters have been prepared and studied: 

p-Chtorophfnaryl Eaters. 


. ... A 

M p *C. 

.. - * . 67.2 


M p *C, 

Acantite... 

;,TPt "P " * * * ‘ «*p«»»** 

. 169 0 

Thiocyanate. 


Benzoate. 

..... »8.6 

TricarbaBykte...... 


Ethyl-glycotate..... 



* Ber., 34, 3680 (1891). 
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p-Bromaphenacyl Esters 



M p *C 


M p *C. 

Acetate 

85 0 

Laevuluiate 

84 O 

Acorn tate 

1R6 0 

Margarate . 

78 S 

Anisate 

15Z 0 

Palmitate 

87 .5 

Benzoate 

119 0 

Phenyl-acetate 

89 0 

Butyrate 

t >3 z 

Propionate 

S 9 0 

Iso-butyrate 

76 8 

Pyromucate 

138 s 

Caprate 

M 0 

Salic vlate 

140 0 

Caproate 

71 6 

S'bacate 

147 0 

Caprylate 

fit 5 

Sorbate 

129 0 

Cmnamatc 

M 5 6 

Stearate 

78 3 

Citrate 

148 0 

Succinate 

til 0 

Erueate 

61 0 

Thiocjanatc 

I4fi 5 

Kthyl-glycolate 

104 8 

o-T oluate 

56 9 

Glycolate 

138 0 

m Toluate 

108 0 

Hippurate 

1 si 0 

p-Toluate 

153 0 

Hydrocinnamate 

104 0 

Tricar ballj late 

138 2 

Lactate 

iia 8 

Valerate 

63 6 



Isovalerate 

68 0 


/r-Icidopbenacyi Esters. 



M p *c 


M p * C. 

Acetate 

114 0 

Erueate 

73 8 

Benzoate 

126 5 

Lactate 

139 8 

Butyrate 

81 4 

Margarale 

88 8 

Iso butyrate 

109 2 

Palmitate 

90 0 

Caprate 

80 0 

Propionate 

94 9 

Caproate 

81 S 

Stearate 

90 S 

Caprylate 

77 0 

Valerate 

. '78 6 

Iso-valerate 

78 8 
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THE ADDITION OF 1,3-DEKETONES TO ISOTHIOCYANATES. 

I. ACETYLACETONE AND CERTAIN ARYL 
ISOTHIOCYANATES. 

By David E Worraix 

H.criTed March 1. 1930 

The / 3 -diketones are characterized by several reactions that make 
them of particular value for synthetic purposes They react with hydroxyl- 
amine and with phenylhydrazine to form mono-substituted derivatives; 
but, through the loss of a molecule of water, these rearrange to form iso«- 
azols and pyrazols, reactions that illustrate the ease with which 5-mem- 
bered ring compounds may be closed. The presence of an acidic methylene 
group makes posable the formation of metal derivatives; hence these 
diketones are capable of transformations similar to those so well known 
with malonic ester. 



CAVED S. WORRALL. 


Phenyl mustard oil reacts readily with sodium acetoacetic and malouic 
esters to form thio-anilides. 1 This reaction was shown later to be general 
for aryl mustard oils.* It hn« now been found that the addition takes 
place just as readily with the sodium derivative of i ,3-diketones and 
probably is a general reaction for similar compounds containing hydro¬ 
gen replaceable by a metal. This will be investigated in order to find 
the scope and limits of the reaction. Work is in progress with other di¬ 
ketones and esters. 

Sodium acetylacetone was found to react at room temperature with 
phenyl-, with the 3 tolyl- and with p-bromophenyl isocyanates. The 
final product in each case was a thio-amlide The transformations may 
be interpreted as follows 

CHjCOCHNaCOCHj + RNCS —> CH s COCH(CSNaNR)COCHa 

CHjCOCH (CSHNR)COC Hj —>• CH 3 COCH(CSNHR)COCH, 

The derivatives of phenyl isothiocyanate in which the substituents 
were in the para position were found to be slightly more reactive with 
sodium acetylacetone than phenyl iso-thiocyanate. The nature of the sub¬ 
stituent in the 2 cases investigated was of little, if any significance, since 
p-bromo- and p-metliylphenyl-isothiocyanates were added to sodium 
acetylacetone with equal ease, as near as could be judged The position 
of the substituent, however, was of decided influence and both o- and 
w-tolyl-isothiocyanates reacted much more slowly with the diketone. 

Finely divided metallic sodium was used to prepare sodium acetyl¬ 
acetone, in order to avoid the use of alcohol because of the possibility of 
urethane formation with the isothiocyanate A \ arying but small amount 
of unchanged sodium was always present before the addition of water. 
While this undoubtedly cut down the yield somewhat it had no other 
effect. In favorable cases the yield of crude product was about 80% of 
the calculated amount, occasionally much less, of which 20% was lost in 
purifying the substance by recrystalhzation 

The resulting thio-anilides dissolved easily in dil. caustic alkali solu¬ 
tion and, on neutralization with acid, new substances, the result of hy¬ 
drolysis, separated, 

CH»CO(CSNHR)COCHj + H s 0 = Cft,COCH,CSNHR + CHjCOOH. 

The 2 series of anilides reacted very readily with organic bases such as 
phenythydrazine and hydroxylamine; the point of attack was the sulfur 
atom. The same product was formed from the 2 corresponding anilides 
Itt each case. Thus thio-diaceto-acetyl anilide and thio-aceto-acetyl 
anilide gave rise to the same substance with phenylhydrazine, namely 

1 Michael, J. fnakl. Chm., [2] 35, 450 (1887), [2I fie, 286 (1889); Ruheuwa, J. 
Chm. Soc„ 93, fiat (1908). 

•Wonall, Tm Jootkal, 40,41 j (1918). 
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the hydrazone of thiofornxanilide. Reduction as wet! as condensation 
must have taken place. 

(CH j CO) 1 CHCSNH 4 CH 6 —> HCSNHC«H s —^ HC(NNHG>H)&NHC#H*. 
The action of hydroxylamine appeared to result in the formation of an 
isoxazol. Thio-diaceto-acetyl anilide and thio-aceto-acetyl anilide formed 
the same product, showing the ease with which the former is hydrolyzed! 
The resulting anilide then condensed with hydroxylamine, with the elim¬ 
ination of hydrogen sulfide. Reduction did not take place in this case 
and as the resulting oxime contained a carbonyl group in the deposition 
to the oxime radical, conditions were favorable for anhydride formation, 
resulting finally through rearrangement, in an isoxazol. 
CHaCOCH(CSNIfR)COCH 3 + H ; 0 - CH*COOH + CH 3 COCH,CSNHR- 
CHjCOCHiCSNHR + NH2OH —► CH 3 COCH 2 CNOHNHR. 

HC-CNHC«Hj 

11 11 

CH * C \ > / N 

This compound is insoluble in alkali, soluble in cone, hydrochloric add, 
in which it is unchanged by short heating, and does not appear to react 
with acetyl chloride. 

Experimental. 

Thio-diaceto-acetyl Anilide, CH»COCH(CSNHC,H 1 )COCH,.—Ten 
g. of acetylacetone was converted into the sodium derivative by addition 
to 2.3 g. of sodium suspended in 100 cc. of ether. A vigorous reaction 
took place at first, but was not completed for some time. Accordingly, 
the mixture was kept at room temperature for at least 24 hours before it 
was used. The molecular equivalent of phenyl-isothiocyanate was added. 
The ether became colored yellow in a few minutes, while the white pow¬ 
dery sodium acetylacetone slowly changed into a heavy yellow granular 
solid, somewhat pasty when it separated out on the sides of the container. 
After several days the mixture was treated with ice-water, the water layer 
separated and poured into a large volume of cold dil. hydrochloric acid. 
The turbid solution deposited a voluminous crystalline precipitate in a 
few minutes. This was separated, crystallized twice from benzene and 
air-dried at 100 IS . 

Calc, for CiiHuONS: N, 6.0; S. 13 6. Pound: N, 6.8; S, 13.4. 

The sulfur was determined by treating a weighed amount of the sub¬ 
stance with an excess of phenylhydrazine. The mixture was wanned 
gently to complete the reaction. The hydrogen sulfide evolved in an 
atmosphere of hydrogen was forced to bubble through ammoniacal cad¬ 
mium sulfate solution and the resulting cadmium sulfide was separated 
and heated to constant weight at uo° in a Gooch crucible, fitm pro- 
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oedure was necessary, as it was found to be extremely difficult to oxidize 
this thio-anilide completely with nitric acid. A vigorous reaction took 
place at room temperature, but the resulting yellow substance was not 
entirely decomposed after 3 hours heating in a sealed tube at 200-250 
13 ns compound was not identified, but was found to be free from nitrogen, 
although it contained sulfur. This work with nitric acid was done by 
Mr Lee Smith, of Harvard University, in attempts to determine sulfur 
by the Carius method. 

Thio-diaceto-acetyl anilide is readily soluble in alcohol, acetone, am¬ 
monium hydroxide and cone, acids. It is less soluble in benzene and in¬ 
soluble in petroleum ether and water. It crystallizes from benzene in 
slender pale yellow needles, which melt at 107-108 °. It is unstable 
toward alkaline reagents more stable with the mineral acids, but easily 
decomposed by the latter if heated Bromine is readily absorbed with 
subsequent evolution of hydrogen bromide. 

The thio-anilide is completely decomposed by hot hydrochloric acid. 
Hydrogen sulfide is evolved, acetic acid formed, and also aniline hydro¬ 
chloride. Potassium permanganate is easily reduced in the cold with 
the formation of isonitrile, recognized by its characteristic odor. 

Thio-aceto-acetyl Anilide, CHiCOCHsCSNHCJL.—Two g. of thio- 
diaceto-acetyl anilide was dissolved in dil. potassium hydroxide solution 
and kept at room temperature for a few hours. It was then cooled with 
ice and cautiously neutralized with cold dil hydrochloric acid A pale 
yellow dl separated. It quickly hardened to a crystalline mass and was 
recrystallized from alcohol diluted with water. 

Calc, for CitHuONS' N, 7 3 Found 7 8 

It is very soluble in alcohol, benzene, ether, etc , and sparingly soluble in 
hot water. It is easily supe/fused, so the following procedure was de¬ 
vised as most convenient for purification. The crude product is dissolved 
in hot alcohol and warm water is added until a faint turbidity appears. 
The mixture is allowed to cool to room temperature, filtered to remove 
tarry material that forms, and then placed in a cold place overnight. The 
thioaceto-acetyl anilide separates in brilliant yellow plates, m. p. 63.5- 
64®. The reactions of this substance are very similar to those of the di- 
aceto derivative, due to the ease with which the latter hydrolizes to form 
acetic add and thio-aceto-acetyl anilide. 

Action of Phenylhydrazine on Thio-diaceto-acetyl Anilide. 

Two g. of anilide was mixed with the molecular equivalent of phenyl- 
hydrazone. The mixture quickly became warm with an immediate 
• evolution of hydrogen sulfide. It was heated for an hour on the steam 
bath and then cooled. The resulting oil hardened on standing to a stiff 
paste which was pressed on a clay plate and crystallized twice front ben- 

ffpf 
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Calc, for CuHnNj: N, 19.9. Found: 30.a. 

The new substance is the phenylhydrazone of tliioformanilide, HC(NN- 
HCiHs)NHC«H*. It separates from benzene-petroleum ether mixture in 
lustrous white plates, which are somewhat irregular, m. p, 126-127°* 
It may be crystallized from water. If heated for a few minutes with cone, 
hydrochloric acid, crystals of phenylhydrazine hydrochloride separate. 
These were identified by the melting point, 240°, and by treating the salt 
neutralized with sodium hydroxide with benzaldehyde. The oil first 
formed quickly reacted to form a crystalline derivative. 

3-Anilino-5-methylisoxazol.—Three g. of thio-diaceto-acetyl anilide, 
HC-CNHC.H, 

II li 

CH ‘ C \/ N 

dissolved in alcohol, was refluxed for several hours with free hydroxyl- 
amine, prepared by neutralization of the hydrochloride with potassium 
carbonate. The colorless solution was then evaporated to a small vol¬ 
ume, the precipitate crystallized from hot water and dried in vacuo. 

Cak. for ChHhON,. N, 16 r. Found: 16.5. 

It is soluble in the usual organic solvents except petroleum ether and 
may be crystallized from benzene, or a large volume of water, in slender 
colorless needles melting at 111-112°. It is insoluble in cold alkali, but 
somewhat soluble in hot sodium hydroxide solution, from which it sub¬ 
sequently separates unchanged. It is not decomposed by short heating 
with cone, hydrochloric acid, in which it is easily soluble. 

Thio-diaceto-acetyl p-Toluide, C HjCOC H (CSNHG.H.CH^COCHi.- 
Five g. of acetylacetone was converted into the sodium derivative and 
mixed with the molecular equivalent of p-tolyl mustard oil. At the end 
of 3 days the mixture was dissolved in cold water, the water layer separated 
and acidified with cold dil. acid. The yield was slightly over 10 g. of crude 
material from which 8 g. of pure substance was recovered by crystalBxa- 
tion from benzene. 

Cak. for CaHuOiNS: N, 5.6. Found: 6.4. 

The thiotoluide crystallizes from benzene in balls of painted yellow 
plates that melt at 132-133°. 

TMo-aceto-acetyl-p-Toluide, CH,COC HjCSNHC,H«CH».—Two g. cl 
thio-aceto-aoetyl-p-toluide was dissolved in a warm solution of potassium 
hydroxide. After a few hours the solution was neutralized with acid. 
The precipitate which formed was recrystallized from dil. alcohol as pale 
yellow microscopic needles, melting at 68-69°. 

Cak. for CuHmONS: N, 6.S. Found: j.3. 
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3-p-Tolmdino-5-methylisoxazol.—-Two g. of thio-diaceto-acetyl-£- 

HC-CNHC.H.CH, 

II II 

CH>C \/ N 

toluide was dissolved in alcohol and refluxed with the molecular equiva¬ 
lent of free hydroxylatnine until the evolution of hydrogen sulfide ceased. 
The alcohol solution was evaporated to a small volume and the product 
which, separated on cooling was crystallized from benzene. Petroleum 
ether was then added to complete the separation of the glistening white 
needles, m. p. 122-124°. 

Calc for CuHuONV N, 14 9 Found is 3 . 

Thio-aceto-acetyl-/>bromoanilide, CH 3 COCH(CSNHC«Il4Br)- 

COCHj.—Five g. of the diketone was changed to the sodium compound 
to which the molecular equivalent of p-bromoplienyl mustard oil was 
added. After several days the new compound was separated in the usual 
way. The product was purified by crystallization from benzene to which 
petroleum ether was added to complete the separation The ball-like 
aggregate of tiny flattened needles separating out was filtered and dried. 
The yield of pure substance was about 9 g. ( m. p. i37'i39°- 
Calc for CijHuOtNsBr- N, 45 Found 5 1. 

The original preparation contained a small amount of a high-melting 
derivative. This separated on the addition of water and was not further 
examined at the time. 

Thio-aceto-acetyl-p-bromoanilide, CHjCOCHsCSN r HCsH«Br.—A small 
amount of the diaceto-anilide was dissolved in a warm solution of 
potassium hydroxide, kept at room temperature for a day and then neu¬ 
tralized with acid. The product was recrystalhzed from dil. alcohol and 
melted at iio~iii°. 

Calc, for CnHisONSBr. N, 3.1 Found 5 5. 

3-p-Bromoanilmo-s-nietbylisoxazol.— Two g of the original bromo 
HC-CNIIGtH'Br 

II 1* 

CH * C \ 0 //N 

derivative was refluxed with the molecular equivalent of hydroxylaiume 
until no further action ensued. The filtered solution on standing de¬ 
posited crystals which were recrystallized from alcohol. The resulting 
deader, nearly colorless, needles melted at 178 -1 So 0 with preliminary 
.darkening of color. 

Cak. for C,oH t ON«B»: N, n.a. Found: ii^ ., - - 

Thio-diaceto-acetyl-m-toluide, C H,COCH(CSN 
Three g. of JM-tolyl isothiocyanate was added to the molecular equivalent 
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of sodium acetylacetone and allowed to stand for a week. The new sodium 
derivative was dissolved in ice-water and decomposed with cold dil. 
acid. A vivid yellow oil separated and slowly hardened on standing. 
Only about a gram of the product was obtained. It crystallized from 
benzene mixture in shining yellow plates, m. p. 124-125°. 

Calc, for CuHu.OiNS: N, 5.6. Found. 6.1. 
Thio-diaceto-acetyl-o-toluide , CH.COCH(CSXHCJI.CHjCOCH,.— 
Five g. of acetylacetone was converted into the sodium derivative and 
kept for a week with the equivalent of o-tolyl iso thiocyanate mixed with 
ether. The mixture tieated in the customary manner, gave 3 g. 
of crude material This was purified by use ot benzene-petroleum ether. 
Pale yellow irregular plates were obtained, m. p. 126.5-128°. 

Calc for CiiHi t OiKS' N, j 6 Found 6 1 
Tufts Cou.no*, Mass 
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THE MOSAIC DISEASE OF SPINACH AS CHARACTERIZED BY 
ITS NITROGEN CONSTITUENTS . 1 

By S. L. Jodidi, S. C. Moulton and K. S. Markley. 

Received Mar h 16. 1920. 

Introduction. 

Spinach belongs to leafy vegetables which are essentially different 
from wliat may lie classed as seeds, roots, and tubers. While the latter* 
representing storage oigans contain chiefly reserve proteins, carbohy¬ 
drates and fats, and but very little active protoplasm, the former* are made 
up of a large quantity of functioning cells combined with reserve food ma¬ 
terial. Whereas roots/ seeds and tubers are deficient in certain inorganic 
elements and in the dietary essential, fat soluble vitamine A, containing 
at the same time proteins of low biological value, leaves are comparatively 
rich in inorganic elements, especially in calcium and sodium, as well as 
in the fat-soluble vitamine A. This is especially true of spinach* (Spinacia 
oleracea) , which is comparatively rich both in the fat-soluble vitamine A 
and in the water-soluble vitamine B, being twice as efficient as whole 
wheat, soy beans, dried eggs or milk solids. These important nutritive 
qualities of spinach make it desirable to ascertain the nature of the mosaic 
disease of spinach with the object in view of finding a proper remedy for 
the disease. 

1 Presented before the Division of Biological Chemistry at the St. Louis meeting of 
the American Chemical Society, April 12-17, 1920. 

* McCollum, Siroraonds and Parsons, J. Biol. Chem., 38, 115 (1919). 

* McCollum, Stmmoods and Pitt, ibid., 30, 19 (1917). 

* Lot. tit. 

* Otboroe and Mendel, ibtd., 37, 190 (1919). 
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Briefly stated, the mosaic disease of spinach, widely known as "spinach- 
blight,” is characterized by a few well-defined symptoms. While the 
leaves of normal spinach plants have a uniform deep-green color, those 
of blighted plants show a rather yellowish green color, especially between 
the veins being at the same time mottled and malformed. Whereas the 
roots of healthy plants are well developed, those of diseased plants are 
characterized by their shrunken appearance and a loss of lateral rootlets. 
Generally speaking, the blighted plants show considerable dwarfing, so 
that the effect of the disease 1 may be said to be a material reduction of 
the crop (up to ao%) and a lowering of its quality. 

In previous papers it was demonstrated that the disease is not due to 
the inability of the blighted plants to produce carbohydrates,* as is evi¬ 
dent from the fact that leaves of diseased spinach have even a larger pro¬ 
portion of carbohydrates than those of normal plants, there being no 
marked difference in the diastatic activities of blighted and healthy 
plants. It was further shown that spinach plants affected with the mosaic 
disease have a lower ash* content (in the tops) but a higher oxidase* con¬ 
tent than do normal plants. While the above data are of considerable 
value and interest, they failed to reveal the nature of the spinach disease. 
It was with the hope of attaining this object that a study of the nitrogen 
metabolism 9 in the spinach plant was undertaken in 1915 This study 
has led, among other things, to the assumption that denitrification takes 
place in the diseased plants, it being based largely on the facts that the 
diseased plants have been found to contain less total and arid amide 
nitrogen but more ammoniacal nitrogen than the normal plants. The re¬ 
sults, however, may have been incidental to the particular spinach sam¬ 
ples of that season Hence, it seemed important, if not imperative, to 
corroborate those results by observations on spinach samples taken from 
various other fields and at other seasons. This was also prompted by 
the consideration that the disease in question assumes greater significance 
in view of the fact that a disease similar to or identical with spinach blight 
has been found to affect several other plants of vast economic importance. 

Now if denitrification takes place in diseased spinach we should naturally 
expect less nitrates in blighted plants than in normal, while nitrites, if 
present at all, would be expected in the former rather than in the latter. 
Moreover, in the case of proteins hydrolyzed and separated according to 
Hausmann's method, the phosphotungstic acid precipitate and the fil- 
trate from it consist of diamino and monoamino adds, respectively. 

* A complete description of the disease is given by McClintock and Smith, /, Aft, 
Utmarek, 14, 3 (1918). 

*Tipe and Hawkins, ibid., 15, jgj {1918). 

•Time, Black and Kelly, ibid., 15, 37a (1918). 

•IMA, 15, 37 ? (*9*8). 

• Jfodidi, Kellogg and Tree, ibid 15,383 (1918). 
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This, however, may not necessarily hold good for spinach, since plants 
are known to contain, in addition to amino acids and add amides, also 
nuclein bases, purin bodies, alkaloids, etc. For this xeason it was of con¬ 
siderable moment to find out just what proportion of the basic and non- 
basic nitrogen as represented by the phosphotungstic acid predpitate 
and its filtrate is actually made up of diatnino and monoamino adds, 
respectively. This work, too, suggested itself for the reason that while 
amino adds are known to have nutritive value, it is doubtful whether 
other nitrogenous compounds, such as add amides, ammonia, etc., play 
any role in nutrition. 

Experimental. 

The spinach samples, both healthy and diseased, used in this work were 
taken in April, 1918, from beds on the Childreth farm at Lenox, Va.' 
They were separately dried first at room temperature for several days, 
to be then subjected to the temperature of about 50° for 1 to 2 days in 
an electric drying oven in which slight vacuum was maintained. The 
dried materials were then powdered, passed through a 40-mesh sieve and 
put into sealed jars, ready for use. 

Methods.—The total nitrogen of the spinach materials was estimated 
according to the Gunning modification of Kjeldahl’s method. 

The nitric nitrogen was determined as follows. A definite amount of 
the spinach material was repeatedly extracted with alcohol (85%), the 
combined extracts made alkaline with milk of lime and evaporated to dry¬ 
ness at low temperature. The residue was taken up with hot water, 
treated with lead acetate solution, and finally made up to 1000 cc. Of 
the perfectly clear filtrate aliquot portions, usually 400 cc., were concen¬ 
trated to about 50 cc., and their nitric arid content determined according 
to Schulze-Tiemann's* method. 

The estimation of ammonia was carried out according to GrafeV 
method, whereby the finely powdered materials are treated with a saturated 
solution of sodium carbonate mixed with sodium chloride solution, and 
the ammonia thus set free is distilled off tn vacuo at a temperature ranging 
from 25 to 37°. Alcohol is usually added to prevent foaming. 

As to nitrous acid the spinach materials were examined only qualita¬ 
tively. 

Protein nitrogen was determined according to Stutter's* method, whereby 
the protein is precipitated essentially by means of a glycerol-copper 

1 The authors wish to express their appreciation to Prof. T. C. Johnson, Director, 
Va. Truck Erpt. Station, and to Mr. J. B. Norton, Office of Cotton, Truck and Forage- 
Crop Disease Investigations, for valuable assistance in securing the spinach samples. 

* Abderhaiden’s "Handbuch biocbem. Arbdtsmeth,” 6 , 3*2 (tgta). 

* Z. physiol. Chan., 48,300 (1906). 

* /. Learie., aft, toj (1880); afc 475 (1M1); Z. physiol. Chm„ 6,573 (1882). 
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hydroxide suspension, the precipitate obtained being oxidized according 
to the Kjeldahl method. 

The separation of the non-protein nitrogen into the various groups was 
carried out according to Hausmann’s method whereby one g. of magnesium 
oxide was used for distilling off the acid amide 1 nitrogen. Other methods 
used in this work will be described subsequently. 

The results secured are summarized in the following tables: 

Tabus I.— Percentage or Nitrogen in tub Oven-Dried Spinach. 


Healthy 

Nitrogen 

found. 

Blighted 

Nitrogen 

Difference in 

spinach 

spinach 

found. 

nitrogen content. 

material. 

%. 

material. 

%. 

%. 

leaves (Sample A) 

498 

Leaves (Sample A) 

3 89 

— 21.89 

Leaves (Sample A) 

4 98 

Leaves (Sample A) 

3 83 

—23 09 

Leaves (Sample A) 

5 03 

Leaves (Sample A) 

3-92 

—22.06 

Leaves (Sample B) 

4.90 

Leaves (Sample B) 

3 79 

—22.65 

Leaves (Sample B) 

4.82 

Leaves (Sample B) 

3 80 

— 21 . 16 

Leaves (Sample B) 

4.90 

Leaves (Sample B) 

3 80 

—22 43 

Roots 

3-90 

Roots 

3 95 

+128 

Roots 

3 90 

Roots 

3 92 

+0 51 

Roots 

3 94 

Roots 

3 88 
3-89 

—1.32 


Discussion. 

By reference to Table I it will be seen that, under normal conditions, 
the proportion of nitrogen in the leaves is considerably higher (up to 
25%) than in the roots, while the nitrogen content of blighted leaves and 
roots is about the same. Further, it will be noticed that the nitrogen con¬ 
tent of the leaves, which constitute the bulk of the plant, is very much 
lower in the diseased plants than in the healthy ones, the difference rang¬ 
ing from 2i. 16 to 23.09%, while the difference in the nitrogen content 
of the diseased and healthy roots is so small as to be negligible. It may 
he metnioned here that similar results were obtained with spinach sam¬ 
ples of the season 1915-1916,* the diseased leaves and the plants as a 
whole showing in all instances a considerably lower nitrogen content than 
the normal ones, so that the lower nitrogen content of the diseased tissues 
may safely be considered as one of the striking characteristics of the mosaic 
disease of spinach. 

Examination of Table II reveals the fact that the leaves of the healthy 
spinach have normally a somewhat higher nitric nitrogen content than 
the roots, the reverse being true of the blighted spinach. The chief 
difference, however, lies in the tops, the healthy leaves being very much 
richer in nitric nitrogen (up to 50%) than the diseased, while the differ¬ 
ence in the nitrate content of the healthy and blighted roots is but slight. 
Inasmuch as the distinctions noticed hold good for dU samples and seasons 
1 Jodidi and Moulton, Tat Journal 41, tjs 6 (1919). 

* JoefeU, Kefiosj and True, /. Ap. Research, 15,390 (1918). 
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Tabus II.—Percentage of Nitric Nitrogen in the Spinach (Season 1918). 

Nitric nitrogen Nitric nitrogen. 


Healthy Soluble 

spinach nitrogen 

material, %. 

Oven-dried 
spinach 

% 

Total 

nitrogen. 

% 

Diseased Soluble 

spinach nitrogen, 

material % 

Oven -dried 
spinach. 

%- 

Total 

nitrogen. 

%♦ 

Leaves 

6 

«7 

O 17 

3 42 

Leaves 4 65 

O 08 

2.20 

(Sample 1) 





(Sample i) 



Leaves 

6 

89 

O 17 

3 43 

Leaves 4 6s 

0 08 

2.20 

(Sample 1) 





(Sample i) 



Leaves 

7 

69 

O 19 

3 83 

I-eaves 3 97 

O II 

2 82 

(Sample 2) 





(Sample 2) 



Leaves 

8 

07 

O 19 

4 02 

Leaves 5 84 

O 11 

2.76 

(Sample 2) 





(Sample 2) 



Roots 

6 

30 

O 13 

3 30 

Roots . .. 

O 12 

3 0* 






Roots 

0.12 

3 02 

Percentage 

OF 

Nitric Nitrogen in 

the Spinach (Seasons 

1915 AND 

1916).* 

Leaves 

6 

62 

0 17 

3 36 

Leaves 2 64 

O 06 

139 

Leaves 

6 

86 

0 iS 

3 4* 

Leaves 2 62 

O 06 

138 

Leaves 

6 

80 

0 18 

3 45 

Entire plant 3.06 

O 06 

1.60 

Entire plant 

7 

4 i 

0 19 

3 9J 

Entire plant 3 02 

O 06 

1.58 

Entire plant 

7 

31 

0 19 

3 87 

Entire plant 2.96 

0.05 

1 55 


‘ It goes without saying that the nitric nitrogen estimations of the spinach ma¬ 
terials for the seasons 1915 and 1916 have not been published yet 


examined the conclusion seems to be justified that a lower nitrate content 
oj the blighted tissues is another striking characteristic of the mosaic disease 
of spinach. 


Table III.—Proportion of Nitrous anb Ammoniacal Nitrogen in the Spinach. 

Ammon la cal nitrogen Ammomacnl nitrogen 


Healthy 

spinach 

material 

Nitrites 

% 

Soluble 

mito¬ 

gen 

% 

Oven- 

dried 

spinach 

% 

Total 

nitro¬ 

gen 

% 

Diseased 

spinach 

material 

Nitrite*. 

% 

Soluble 

intro* 

gea. 

% 

Oven- 

dried 

spinach. 

%. 

Total 

aitro- 

% a 

Leaves 

O O 

3 80 

O 092 

1 89 

Leaves 

Present 

5 40 

0 097 

3 55 

Leaver 

O O 

3 80 

O 092 

1 89 

Leaves 

Present 

5 40 

0.097 

2-55 

Leaves 

0.0 

4 02 

O 097 

2 OO 






Roots 

0.0 

S 11 

O 105 

2 68 

Roots 


5 80 

0 094 

2 41 

Roots 

0 0 

5 c >4 

0 103 

2 64 

Roots 


5.80 

0.094 

2.4t 


Inspection of Table III shows that the proportion of ammooiacal 
nitrogen in the diseased leaves is higher than in the healthy, the difference 
in the ammonia content of the roots of diseased and normal plants being 
insignificant, and while nitrites are present in diseased tissues none could 
be detected in normal ones. Hence, higher ammonia content and presence 
of nitrites may be said also to be characteristic of spinach blight. 

The Importance of proteins as carriers of life in the plant organism and 
their significance in nutrition suggested the estimation of protein nitro¬ 
gen in the various spinach tissues. A glance at Table IV shows that 
in 4 the normal plants the proportion of protein and protein nitrogen is 
higher in the leaves than in the roots when cal cu lated on the oven-dried 
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Tabls IV.—RnoposrioN or Psotbin in ths Spinach. 



Protem nitrogen. 

Corresponding 

protein. 


Protein nitrogen. 

Corresponding 

protein 

Healthy 

spinach 

material. 

Oven* 

Fresh dried Total 
spin- spin- nitro- 
ach ach, aren 

%. %. %. 

Oven- 
Fresh dried 
spin. spin, 
nch nch, 

%■ %■ 

Diseased 

spinach 

materia! 

Fresh 

spin¬ 

ach 

%■ 

Oven- 

dried Total 
spin- nltro- 
acb jren. 

%. %■ 

Oven- 
Fresh dried 
•pin* apin* 
ach. ach, 
%. %. 

Leaves 

0 38 2.72 55.73 

2.38 17 OO 

Leaves 

O 44 

2 32 61.01 

2 75 14*50 

Leaves 

0.38 2.66 54.58 

2.38 16.63 

Leaves 

O.44 

2 30 60.52 

2.75 14.38 

Leaves 

0.38 2.72 S5-86 

a 38 17.00 

Leaves 

0 43 

2.38 62 SI 

2.81 14.88 

Roots 

0.40 2 09 53.54 

2 50 13 06 

Roots 


2.36 60 28 

.... 14.75 

Roots 

0.40 2.09 S 3 38 

2.50 13.06 

Roots 


2-32 59-31 

.... 14.50 

Roots 

0.39 2.06 52.66 

2.44 12 88 

Roots 


2 3a 59-22 

.... 14.50 


spinach and its total nitrogen, there being practically no difference in the 
corresponding diseased tissues. It further will be noticed that the per¬ 
centage of protein and protein nitrogen is greater in the diseased tissues 
than 1 in the healthy when referred to the oven-dried materials and their 
total nitrogen content, the only exception being the leaves which in health 
show a higher protein content than in disease, when calculated to the oven- 
dried spinach. All of which goes to show that the diseased plants are 
fully capable of building up proteins out of tlieir nitrogen. 

In order to establish, if possible, features characteristic of blighted 
spinacb other then those already reported, the following experiments 
were carried out. Forty g. portions of spinach were repeatedly extracted 
with boiling hot, ammonia-free water, the combined extracts acidified 
with acetic add, boiled for a few minutes, filtered, cooled and made up 
to 1000 cc. Of this solution representing the non-protein nitrogen, 3 
portions of 25 cc. each were analyzed by the Kjeldahl method to ascertain 
the quantity of nitrogen present. Now 250 cc portions of this solution 
were treated with enough cone, hydrochloric acid to make a so% add, 
kept boiling under reflux and finally separated into the various nitrogenous 
groups, according to Hausmann’s method, as outlined in a previous 1 paper. 

Inasmuch as, by hydrolysis, peptide linkings (NH*.R—CO—NH—R'. 
COOH) are split asunder with the formation of free amino adds (NH».R. 
CQOH + NHj.R'.COOH), the peptide nitrogen was ascertained by 
estimating the formol-titrable nitrogen in the aqueous spinach extract 
mod subtracting this result from the formol-titrable nitrogen found in 
the previously hydrolyzed spinach extract. In each case coloring matter, 
phosphoric add and carbon dioxide were removed from the solutions prior 
to their formal-titration. References concerning details* of the method as 
applied here as well as its limitations will be found elsewhere.* The re¬ 
sults obtained are presented in Table V. 

' " - * Jodkfi and Moulton, This Jocmux, 41, r 536 {1919). 

. *S. L. JodkH, ibid ., 33, 1336 (1911); 34, 9? (19M). 

; *S. jom, m., 4* (rets). 
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Tabu* V.— DarntratmoN op thb Watbr-Sowjbus Nitrookn ih Stoucb. 
Data Expressed in Percentage of the Total Nitrogen of the Spinach 
Materials 


Spinach 

material. 

Acid 

amide Husain 
nitro- nitro- 
*«»- «**• 

% %. 

Buie 

ottro- 

% 

Non- 

basic 

nitro- 

% 

Peptide 

nitro¬ 

gen. 

% 

Spinach 

material 

Add 

amide Humiu 
intro- nitiO' 
8 “ K®»* 

% %• 

Bade 

nitro¬ 

gen. 

%• 

2 £ 

nitre- 

T 

Peptide 

nitro¬ 

gen, 

%. 

Healthy 

IO 12 % 05 

11 10 

1 3 98 

6 35 

Diseased 

7 33 3 65 

8 24 

11 12 

12.19 

leaves 

IO. 11 3 02 

11 u 

14 9! 

S 34 

leaves 

7 31 431 

931 

12.62 

8 98 


10 43 *'44 



5 40 


7 58 

9.61 




. . 

, ... 


6 10 






Healthy 

10 64 2 91 

9 83 



Diseased 

7 44 

8 05 



roots 

10 78 3 to 

9 31 



roots 

7 51 2 40 

8 13 




to 83 3 01 

9 23 




7 72 3 01 

8 36 




Data Expressed in Percentage of the Soluble 

Nitrogen of 

the Spinach 






Materials. 





Healthy 

21 jo 6.34 23 10 

26 13 

12 54 

Diseased 

15 48 7 7 » 

17 41 

23-5* 25 79 

leaves 





leaves 






21.17 6 28 

23 *2 

28.02 

10.72 


15 42 9 II 

19-67 26.76 

18.99 


21 85 5 08 



10 84 


16 00- 

20 19 


... 




. . 

12 24 






Healthy 

20 32 3 j6 18 77 



Diseased 

18.91 - 

20.20 


... 

roots 

20 38 5.91 

1778 



roots 

19,10 6 oa 

20 40 

... 



20 68 J 74 17 63 




19 61 7 55 

20 97 


*. 


Data Expressed in 

Percentage of 

the Oven-Dried Spinach Materials. 


Healthy 

0 498 0 13 

O 34 

0 68 

0 30 

Diseased 

0 283 0 14 

0.31 

0 4 $ 

0.46 

leaves 

0 488 0.15 

O 54 

0.73 

O 26 

leaves 

0.273 0 r6 

0 35 

O 50 

O.34 


0.513 0.12 



0 26 


0 293 . 

0 37 


.... 


. 



0 30 




... 

.... 

Healthy 

O.415 O 11 

0 38 



Diseased 

0 296 . . 

0.31 



roots 

0 417 0.12 

O 36 



roots 

0.296 0.09 

o.ja 


.... 


0 427 0.12 

O.36 


.... 


0 306 0 12 

0.33 


.... 


The proportion of diamino and monoamino nitrogen contained in the 
basic and non-basic nitrogen, respectively, was determined as follows. 
The phcsphotungstic add precipitate (basic nitrogen) and the filtrate 
from it (non-basic nitrogen) were separately treated with barium hy¬ 
droxide whose excess was removed with carbon dioxide. 

Filtrate and washings from the phosphotungstate, sulfate and carbonate 
of barium were evaporated cm the water bath and finally made up to 100 
cc., of which a portions of 20 cc. each were oxidized according to the Kjel- 
dahl method to ascertain the quantity of nitrogen present. The remain¬ 
ing solution was freed from phosphoric add and carbon dioxide as usual 
and formal-titrated. By this method it was ascertained in the case of 
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norma] spinach leaves that, on an average, 41-97% of the basic nitrogen 
consists of diamino nitrogen, while 38.62% of the non-basic nitrogen is 
made up of monoamino nitrogen. In like manner it was found that, 
with diseased spinach leaves, the diamino nitrogen constitutes, on an aver¬ 
age, 45.32% of the total basic nitrogen, while the monoamino nitrogen 
constitutes 39.75% of the total non-basic nitrogen. 

Interpretation of Results. 

By referring to Tables V and IV it is readily seen that the diseased 
tissues, especially leaves, have a smaller proportion of acid amide, basic 
and non-basic nitrogen, but a larger proportion of peptide and protein 
nitrogen than the corresponding normal tissues. It is because of these 
findings, together with the differences in total, nitrate, nitrite, and am- 
moniacal nitrogen content already reported, that we logically and forci¬ 
bly come to the conclusion that the pathological condition is brought about 
by the process of denitrification which takes place in the spinach tissues. 
This process, as is well known, consists in the reduction of nitrates to 
nitrites and partly also to ammonia. For this reason the diseased tissues 
contain less nitrate but more ammoniacal nitrogen than the normal, 
nitrites being present in the blighted tissues only (Tables II and III). 
Inasmuch as nitrous add reacts on amino acids with elimination of the 
amino group according to the equation 

RNHi.COOH + NOOH = ROHCOOH + N, + 11,0, 

amino acid hydroxy acid 

we should expect less diamino (basic) and monoamino (non-basic) nitrogen 
in the diseased plants than in the normal ones, which is actually the case 
(Table V). It is true that the arnido group in some of the acid amides 
(asparagine) does not react chemically on nitrous acid, at least not quanti¬ 
tatively. 1 However, under biological conditions (existing, c. g., in the 
soil) the amido group in asparagine can be split off as easily as the amino 
group in amino acids (aspartic acid, etc.), as was demonstrated by one* of 
us. It was even shown that the amino group in acid amides which do 
not occur naturally, as in acetamide and propionamide,* can be split off 
with ease under the conditions mentioned. These considerations, then, 
give a satisfactory explanation as to why the proportion of acid amide 
nitrogen is smaller in the blighted tissues than in the normal ones. Loss 
of elementary nitrogen by the ammo acids, acid amides and nitrates, as 
wdfl as loss of ammonia as such fully accounts for the fact that the dis¬ 
eased tissues have a smaller percentage of total nitrogen It is, thro, not 
to be wondered at that loss of the very important plant food, nitrogen, 

1 D- JD. V«h Slyke, J. Bid. Chem., 9, 196 (1911). 

. * Jodidi, Kellogg and Snyder, Iowa Agr. Expt. Sta. Research Butt., 9, 3SO (1912); 
S. L. Jwfidi, Eighth Intern, Cengr. Appl. Cbm., 26, 129 (191a). 

*& L. Jodidi, /. Frank. Inst., tfg, 2 so, ajj (1913). 
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by the spinach plants should lead to troubles chief among which is their 
dwarfing. 

The proteins and polypeptides of the spinach tissues do not seem to 
have been attacked by the nitrous acid, probably for the reason that they 
are less soluble than the amino acids and acid amides and for the further „ 
reason that their very much larger molecules with but one amino group 
(at one end of the molecule) offer fewer points of attack than the smaller 
molecules of amino acids, each of which has one or two amino groups. 
The higher percentage of peptide and protein nitrogen in the diseased 
plants (calculated to the total nitrogen) is easily explained by the fact 
that here they are related to a smaller quantity of nitrogen, total and solu¬ 
ble, than in the normal plants where none of the nitrogen was lost through 
denitrification. 

The question further arises as to why some of the attacked plants die alto¬ 
gether. The following contemplation seems to give a satisfactory answer. 

It is not out of the question that occasionally, under iavorable conditions, 
the nitrous acid may attack proteins present in the spinach plant by 
reacting either on the amino group at the end of the protein molecule, 
or perhaps on some of the numerous CO-NH groups present. From the 
consideration, however, that proteins constitute an integral part of proto¬ 
plasm, the carrier of life in the plant, it logically follows that a change in 
the chemical nature of the proteins, and hence of the protoplasm, must 
necessarily be fatal to the plant. This view-point is also corroborated 
by Loews' theory according to which a substance which can act upon 
amino groups is a poison, and this is especially true of nitrous acid. 

Summary. 

The data at hand seem to warrant the following conclusions. 

1. Spinach plants, especially their tops, affected with mosaic disease, 
have a smaller percentage of total nitrate, add amide, mono and diamino 
nitrogen, but a somewhat larger percentage of ammonia than normal 
plants, nitrous acid being present in diseased plants only. 

a. This is due to tire fact that denitrification takes place whereby 
nitrates are reduced to nitrites which, reacting on the various nitrogenous 
compounds present in the spinach, bring about elimination of nitrogen 
in a free state, involving also loss of nitrogen in the form of ammonia. 

3. Very little denitrification, if any, takes place in the roots of diseased 
spinach. This is evident from the fact that the differences in total, 
nitrate, amino nitrogen content, etc., of the roots of healthy and diseased 
plants are usually quite small, running sometimes in the opposite direction. 

4. Conditions with regard to peptide and protein nitrogen are appar¬ 
ently somewhat more complicated. In the samples examined, the pro¬ 
portion of peptide nitrogen is higher in diseased tops than in normal, 

■* :b“8ta aatfiriiehes System <fcr Glft-WMcungeo,” Munchen. 1893, 9. 6x. 
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-while the proportion of protein nitrogen is higher in diseased roots than 
in normal, this being also true of diseased leaves when related to the total 
nitrogen. This is conceivable since the latter is here smaller due to loss 
through denitrification. 

5. In round figures, the spinach nitrogen is made up of 55% protein 
nitrogen, 4.5% diamino nitrogen, 5 5% monoamino nitrogen, and 6% 
peptide nitrogen. This means that over 70% of the nitrogenous com¬ 
pounds occurring in spinach have direct nutritive value. 

WJum a Mtax, a C. 


NEW BOOKS. 

The Mamin of the Karo Barths. (Monographs on Inorganic and Physical Chemistry.) 
iat edition. By Jambs P. Spbncks, B Sc. (Viet), DSc. (Liverpool), Ph.D. 
(Breslau), P.I.C., Lecturer in Physical and Inorganic Chemistry at Bedford Col¬ 
lege (University of London), Reader in Physical Chemistry in the University of 
London. Longmans, Green & Co London, etc, 1919 x + 279 pp, with dia¬ 
grams. 1 s X xx j cm Price, $4 50 net 

A careful study of this work discloses the fact that the writer is ex¬ 
tremely well acquainted with the theory and literature of this group of 
elements. The book is nicely arranged and is a great advance on many 
that have appeared in the past The general plan followed is along similar 
fines to those of the best kind. The methods of analyses, and the various 
compounds fisted under each element are described at greater length 
than usual. This in itself is a great recommendation, for it means so 
much to those who are interested in both research and study upon these 
metals. It appears unfortunate, however, that there is no chapter de¬ 
voted to a general discussion of the various types of compounds, for, 
when we have elements possessing such very similar properties it is very 
advantageous to consider the salts from a general standpoint by directly 
viewing tabulated properties, etc. 

Another impression gained by reading this book is that it has been written 
by one who has devoted much more time to the literature than to the 
practical side, since methods of separation which are absolutely worthless 
are often placed side by side with the very best without sufficient advice 
being given to the reader. 

fid several places we come across statements which indicate without 
proof that some of the rare earth metals are still complex This tends to 
enshroud them in mystery and remove from them their simple nature 
which has been coming to the front more and more during recent years. 
It seems better for science that they be considered simple until proved 
complex beyond a doubt 

Thisbook is so valuable that it is to be hoped that the author wifi still 
enlarge the space devoted to the listed compounds and correct all the errors 
before the next edition appear*. C, Jams. 
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Principle* of Chemistry. By Joel H. HtL deb* and, Ph.D., Associate Professor of 
Chemistry in the University of California pp. ix + 313. New York: The 
Macmillan Company, 1918 

The author in the preface of this book puts forward clearly the reasons 
for the belief that for both teachers and students of genera! chemistry 
and qualitative analysis it is advisable to have a text in which the general 
principles and the fundamental theories of the science are discussed logically 
apart from the mass of descriptive detail which necessarily forms a part 
of these courses. With such a text the teacher can introduce, whenever 
it appears advisable, such generalizations as be desires, and the student 
has the opportunity to study a well-rounded discussion of the subject. 
As a result, the teacher is freed from following a fixed order year after 
year, and the student is not compelled to piece together the considera¬ 
tions of any principle from here and there in his text. 

Acting upon this belief, the author has brought together in a compara¬ 
tively small space discussions of the principles which beginners in chemis¬ 
try should master in order to gain a satisfactory knowledge of the facts 
of general chemistry and qualitative analysis. The subjects treated in¬ 
clude the following: kinds of matter, the kinetic theory, gas laws, weight 
relations, valence, equations, nomenclature, solutions, thermochemistry, 
speed of chemical reactions, chemical equilibrium, oxidation and reduction, 
periodic system, the constitution of the atom, and dispersed systems. 

The book is unusually well written; the explanations are strikingly 
clear and simple, and the degree of emphasis put on the several topics 
well chosen. Many teachers will find in it simplifications of pedagogical 
methods which will be helpful. The book can well be recommended to 
students for study, whatever text is used in the course. 

Jambs P. Nowus. 

Molecular Physics. By J. A. Csowtkr*. 2nd edition. 187 pp. P. Blakiston’s 
Sons and Co . Philadelphia, 1919. Price, $1.75. 

The study of subatomic phenomena has advanced so rapidly in the past 
20 years that knowledge in this field is now more definite than was the 
atomic theory at the opening of the present century. Indeed, the time 
is at hand when the inductive proof that matter acts “as if’ it were com¬ 
posed of atoms will be abandoned in chemical teaching, at an enormous 
saving of time and confusion, and will be replaced by the study of what 
Dr. Crowther calls molecular physics. Our present knowledge of the elec¬ 
tron and the structure of the atom serves as the simplest basis for the 
chemical study of the elements, the periodic system, valence, atomic 
theory, ionization in solution, oxidation and reduction. Por such a de* 
velopment books of this type furnish a desirable introduction. 

The subjects considered are, the physics of the electron, the positive 
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particle, positive ray analysis, nature and sire of the electron, structure 
of the atom, electronic valence, radiation from the atom, the molecular 
theory of matter and radioactivity. 

The book is amply and clearly illustrated by photographs taken almost 
exclusively from the original papers. Mathematics are omitted and the 
style is simple and comprehensible throughout. Experiments are de¬ 
scribed fully, and their immediate conclusions are given. The book is 
weak, however, in the deductions which are particularly interesting to 
chemists. The theory of electronic valence is very inadequately treated, 
with reference only to the opinions of English physicists, and without 
mention of the large amount of chemical thinking on the subject, particu¬ 
larly in this country. Again, only the simplest facts of radioactivity are 
given, with no mention of isotopy, atomic number, atomic weight, or the 
relation of the radioactive elements to the periodic system. 

While subatomic chemistry is thus ignored, the book gives an excellent 
survey of subatomic or "molecular" physics and amply justifies a second 
edition Gerald L. Wendt. 

Lectures on the Principle of Symmetry and its Applications in ail Natural Sciences. 
By F. M. Jaeger., Ph D. Professor of inorganic and physical chemistry in the 
University of Groningen, Holland Amsterdam Publishing Company "Elsevier,” 
London: The Cambridge University Press xii -f- 333 pages, 170 diagrams 
17 X as cm. (In English) 

It may not be apparent from the title of this book why it should be 
reviewed in This Journal, for the term "symmetry" probably brings 
to the mind of the chemist hazy recollections of more or less profitless 
hours spent during his college days in the study of wooden models of 
crystals, the country of manufacture of which was betrayed by their ac¬ 
curacy in angle as well as their quite unnatural aspect Nor is chemistry 
usually regarded as one of the “natural" sciences. As a matter of fact, 
however, this book includes much data of great value to chemists, not 
only by way of summary of past achievements, but also in the suggestion 
cf lines along which work is needed. 

In the first few chapters the subject of symmetry is treated from the 
geometrical standpoint, with numerous illustrations of different types 
among crystals, animals, and plants. What appears to be a new method 
of nomenclature of the different types of symmetry is introduced; thus 
the symmetry of the mineral tourmaline is denoted by Cj, the C stand¬ 
ing for cycBc, the subscript 3 for the degree of symmetry (3-fold) shown 
by the unique axis of the crystal, and the superscript V for the presence 
of vertical planes of symmetry. Other terms used are D for dibedron, 
T and K. for the endospherieal cubic symmetry classes, etc. 

^Tbe subject of space-lattices as related to crystal structure is naturally 
jfreo full consideration; and the Barlow-Pope theory of packing of spheres 
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is reviewed, their so-called valency-volume hypothesis being, however, 
unduly praised. This is followed by a detailed explanation of the princi¬ 
ples of the application of X-rays to the study of crystal structure, with 
an account of some of the results obtained. There is a chapter on mimetic 
forms and apparent symmetry, in which the grouping of crystals and 
twinning are discussed, although only a few of the possible types of 
“pseudo” symmetry are referred to. 

The portion of the book which will appeal to chemists most is the last 
third, which is devoted to a very full consideration of molecular symmetry 
and asymmetry in chemical compounds. Starting with Pasteur’s dis¬ 
covery of the resolution of racemic acid into 2 oppositely rotating com¬ 
pounds, the development of this subject is traced in considerable detail. 
The methods of separating the antipodes in various cases are fully de¬ 
scribed. Van’t Hoff’s explanation of the asymmetry of the carbon atom 
is shown to be the most satisfactory; and the discovery of optical activity 
in many other elements with valence greater than 3 is recorded. It is 
pointed out that configurations differing from their mirror images can 
be obtained even though the substituting groups are not all different; 
and that on the other hand it is conceivable that even when all the groups 
are different there may be no distortion of the central atom, and hence 
no optical activity. Werner’s work on optically active complex inorganic 
compounds is of course fully reviewed, although certain of Werner’s con¬ 
clusions as to the relation of composition to rotatory power are shown to 
be improbable. The types of molecular symmetry resulting in internal 
compensation and impossibility of resolution into antipodes are described 
in detail. The connection between optical activity and the appearance 
of corresponding asymmetry in crystal form is discussed, and the apparent 
lack of agreement in many cases is pointed out. 

Asymmetric syntheses form the subject of the bulk of the last chapter. 
Many experiments are quoted to show that “pre-existing molecular 
dissymetry has a powerful guiding influence on the chemical synthesis 
in which new asymmetric carbon atoms are created * * * the con¬ 

trast between the natural synthesis by the living organism and that by 
the chemist, as contended by vitalists, has mostly vanished, since the 
one-sidedness of natural synthesis is * * * now reduced to a merely 
relative difference in reaction velocities.” 

The book is, on the whole, well gotten up, well illustrated, and supplied 
with an abundance of references to papers upon the subjects discussed, 
The English is occasionally of a character which might be termed quaint, 
as for instance in the following: "As long as no exacter data about the 
configuration of inorganic salts are at our disposal, such applications of 
Werner’s theory are not much promising.” Edgar T. Wherry. 
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T«chaktl Handbook of Ofla, Fata and Waxes. Vol II, Practical and Analytical. By 
PBRcrvAt J. Fryer, F.I.C., F.C.S., Chief Chemist and Director, Yaldin* Mfg, 
Co., Ltd, Lecturer fat Oils, Fats and Waxes at the Polytechnic, Regent St, W. 
London Institute, and Frank E. Weston, B Sc (tst Hons), F.I.C., Head of 
the Chemistry Dept., the Polytechnic, Regent St, W. Cambridge University 
Press, London, England, 1918. xvi +314 PP-, 69 figures. 14.5 X 23.5 cm. 

This is the second volume of a very excellent work which will probably 
find its chief use among special students of the chemistry of oils, fats 
and wages and to a lesser extent as a quick reference work in technical, 
consulting and industrial laboratories. The subject matter is very well 
planned, systematized and cofirdinated. The material is well selected 
and the sins of inclusion and omission are few. Complete references to 
the literature are absent, although there are some selected references no 
doubt judged by the authors to be the most important. The work is a 
valuable addition to text-books cm oil and fat chemistry and will be 
found useful by both works analysts and students. 

W. D. Richardson. 

Organic Chemical Reagents. By Rocks Adams, O Kamm and C S Marvel, Uni¬ 
versity of Illinois Bulletin, Vol. XVI, No 43. 1919 79 pp , 6 ill Price, fn 50 

Everyone will recall with gratitude how, in the dark days of 1916 and 
1917, the Chemical Laboratory' of the University of Illinois offered to sup¬ 
ply the various research institutions in this country with pure organic 
chemicals the importation of which from abroad had been cut off. Dr. 
Adams and his co-workers have done pioneer work in insuring the domestic 
production of organic chemicals, and it is gratifying to learn from the 
latest catalogue of the Eastman Kodak Company that the list of these, 
available at the present time, contains the names of nearly 700 chemicals. 

The authors of the pamphlet under review say: “During the past two 
years, at the University of Illinois, the methods of preparation for some 
of the less common organic chemicals, especially reagents in lots of one-half 
to five pounds, have been studied This pamphlet contains some of the re- 
sults obtained and has been printed in order that it may aid any laboratory 
which for one reason or another desires to manufacture these substances. 
The methods described are in only a few cases new ones; they are in gen¬ 
eral those which already appeared in the literature, but with such details 
added as will enable a man who has had a reasonable amount of experience 
in organic chemistry to duplicate the results without difficulty. Especial 
attention has been given to the explanation of why it is necessary to hold 
to the conditions given and what the results are providing these directions 
are not followed. An endeavor lias also been made to use procedures adap¬ 
table to large scale production, for example, the avoiding of extractions 
wherever possible; the substitution of a cheap solvent for a marc expensive 
one; or the introduction of mechanical agitation, an extremely important 
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factor in the success of many commercial processes.” Twenty-eight prepara¬ 
tions are covered: furfural, trimethyl-amine, amylene, trimethyl-ethylene, 
alkyl iodides, methylene iodide, benzoin, benzyl, benzilic add, caproic add, 
capryl alcohol, chloro-carbonic ester, a-phenyl-hydroxylamine, cupferron, 
isoamyl nitrite, n-butyl nitrite, hydroxylamine, dimethylglyoxime, p-bromo- 
phenol, 2,4-dibromophenol, diphenyl-carbamine chloride, benzene sulfonyl 
chloride, thiophenol, allyl alcohol, acetyl chloride. The treatment of every 
compound embraces: (a) introduction, induding a full bibliography; (6) 
preparation, or experimental part; (c) discussion of the reaction—this 
being based upon the personal experience of the authors with the respec¬ 
tive compound, and is, therefore, the more welcome. 

May the plans of the authors be speedily realized, and we shall look 
forward to the publication by them of the second pamphlet now in 
preparation containing the directions for 30 or m6re additional com¬ 
pounds. M. Gomberg. 

The Preparation of Organic Compounds. By E. os Barry Barnett. B.Sc.. A.I.C. 

P. Blakiston's’ Sons & Co., Philadelphia, and edition, 1920. pp. xiv 4 - 273. 

Price, 13.25. 

This work, the first edition of which appeared in 1912, occupies a posi¬ 
tion intermediate between the well-known “Methods of Organic Chem¬ 
istry” of Weyl and the more recent handbook of "Preparative Chemistry” 
by Vanino, the former of which consists for the most part of discussions 
of organic chemical methods, the latter almost exclusively of recipes 
compiled from the literature. For a volume of such small size, its scope 
is wonderfully wide; and the discussions between the descriptive matter 
are condensed to the smallest possible volume. 

There is no question that this work should form an indispensable mem¬ 
ber of the libraries of all technical laboratories, especially of those in which 
the list of standard journals is incomplete. It should also be of great value 
to organic research workers in university laboratories; though it might 
be unwise for professors to encourage too free a use of it by students who 
are just beginning research work, as an important part of the training 
value of such work consists in acquiring the habit of turning directly to 
the original literature. “Although the present chemical curriculum is 
capable of very great improvement, it is to be hoped that it will not be 
reduced to the mere acquisition of ‘useful’ facts." Thus Mr. Barnett in 
his preface to the second edition; and it is obvious that more insight can 
be gained by a study of an original paper than from extracts , even when 
they are as carefully prepared as in the work under review. 

The author has introduced a little new matter into the second edition, 
and it is to be hoped that a place will be found in the next for some of the 
synthetic work which has appeared since 1913, such, for instance, as the 
elegant methods of E. A. Werner for the preparation of amines, A new 



KBW BOOKS. 


and valuable section has been added on apparatus for small-scale technical 
or large-scale laboratory preparations. 

Certain errors may be noted, some of which are to be found in the earlier 
edition. Thus, on page 55, the boiling point of a-bromonaphthalene is 
correctly stated to be 280°, whereas on p. 53 it is given as so8°, the direc¬ 
tions calling for the collection of the fraction 200-210 0 (in the original 
paper the range is given as 270-280°) On p. no "acetophenone” is 
made to read “benzopbenone.” While desiring not to be pedantic, we 
would quarrel with the author’s nomenclature in certain cases; thus, on 
p. 152 ethyl ethylmalonate is described as "ethyl diethyl malonate," 
and on p. 50 there is a particularly glaring instance of the indiscriminate 
me of "benzene" and “benzole." 

The book is well set up and fairly free from misprints, and with its 
thinner paper and larger format it is a marked improvement over the 
first edition. H. T Clarke. 
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THE EXTRAPOLATION OF CONDUCTIVITY DATA TO ZERO 
CONCENTRATION. H. 

By Howard \V Washburn 
RccHvtd January 19 , I 9 Z 0 

The recent series of papers by tbe -writer and II. J. Weil and, 1 dealing 
with the equivalent conductance of electrolytes in dilute aqueous solu¬ 
tion, has recently been made the subject of adverse criticism by Kendall* 
and by Kraus.* 

Kendall’s criticism is to the effect that the method described by the 
writer for evaluating A 0 is “identical with, and founded on precisely the 
same assumption" as a method which Kendall employed in 1912, and is, 
therefore, not a new contribution, while Kraus's criticism is in substance 
to the general effect that the method in question is illogical, incorrect 
and quite unjustifiable either mathematically, physically, or chemically. 
As the points at issue deal with questions of fundamental importance to 
our interpretation of the behavior of strong electrolytes in dihite solution, 
it seems to the writer justifiable to discuss here in'some further <$e|&3 
the method which he employed in evaluating A 0 , especially with respect 
to those features of it which have been adversely criticised. 

* Taxs Journal, 40, 106-158 (1918). 

* Ibid., 40,622 (1918). 

* Ibid., 42 ( » (1920). 
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Kendall’s Criticism. 

Kendall's criticism, aside from its implication of carelessness on the part 
of the -writer in failing to give him due credit for originating the method, 
would also imply that the agreement of potassium chloride with the mass- 
action law at high dilutions, as shown by Weiland’s investigation, was due 
to the fact that the method of selecting A 0 was based upon the a priori 
assumption that within the range covered by the lowest concentrations 
measured, the mass-action law must be obeyed. Kendall applied his 
method only to acids, using it as a method for determining the conduc¬ 
tivity of the hydrogen ion. He describes his method in the following 
words: 1 “The value of K a is found from the conductivity results of a 
series of dilutions by use of that particular value for the velocity of the 

a % C 

hydrogen ion that gives values for-(= K f ), slowly falling as dilu- 

i - — « 

tion increases and ultimately approaching (»o far as can be perceived 
within the experimental error) a limiting value.’’ 

His method thus involves the assumption that within the range covered 
by the data there shall be a series of (j. more than 2) values of A"*, 
which are constant within the experimental error. Such constant values 
do in fact appear in all of the tables (14 to 16, inclusive) which he uses to 
illustrate the application of his method. There is no suggestion in his 
paper that he considered his method to be a special case of a more general 
caxe which would be applicable also to cases where the observed values 
of Ke could not be made to become even approximately constant with 
any value of A n which might lx: selected. This Is further borne out by 
the fact that when he has to deal with strong electrolytes, Kendall en¬ 
tirely abandons lxis method and employs a method which implicitly as¬ 
sumes that such electrolytes wall not obey the mass-action law over any 
finite concentration range whatever. Further, in speaking of the be- 

a *C 

havior erf hydrochloric acid, he states tliat “the values of -—— certainly do 

fall away as dilution increases to a limiting value K 0 , but that limiting 
value is zero,’* thus apparently implying that he did not regard the value 
zero as necessarily inconsistent with the assumptions upon which his 
method was based. 

Now 3 limiting value of zero 5 for K% or an asymtotic («’. e., asymtotie 
to the Ke axis) approach to some finite limiting value are both directly 
contradictory to toe assumptions upon which the writer’s method is 
baaed. Furthermore, his method is entirely applicable to the conduc- 

1 J. Chan. Set , ioi, 1291 (jvu). 

* To state that the ionization constant of an electrolyte is u-ro is equivalent to 
stating that its free energy oi ionization is infinite, in Other word*, that it is a "000- 
ekctrolyte.” 
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tivity data for a strong electrolyte in regions where there is not the slightest 
evidence of obedience to the mass-action law with any value of Ao which 
can be chosen. In these 2 fundamental respects the writer’s method differs 
from that of Kendall, although the 2 methods will obviously outwardly 
resemble each other whenever the electrolyte to which they are applied 
actually does obey the mass-action law over a portion of the range cov¬ 
ered by the experimental data 

To Kendall is due full credit for developing what seems to the writer 
the only logical method for determining A„ in the case of electrolytes which 
obey the mass-action law within a portion of the concentration range 
covered by the measurements, and if the writer erred in failing to indi¬ 
cate the points of resemblance of his method to that of Kendall for such 
cases, he is glad of this opportunity to extend his apologies. The fact 
that Weiland's success in extending the data on potassium chloride be¬ 
low o 0001 N yielded conductivity values which vary with the concen¬ 
tration in accordance with the mass-action law makes the writer's method, 
when applied to these data, resemble, apparently quite closely, the method 
of Kendall, since his method applied to such data will yield the same A 0 
value. 

A very important difference, between the 2 methods, however, lies in 
the fact that, if the conductivity values had not been found to vary with 
the concentration m accordance with the mass-action law, the writer’s 
method of determining A 0 would still have been entirely applicable to the 
data, while Kendall s method would not. This can best be illustrated by 
applying the method to Kolilrausch’s data for potassium chloride which 
extend only down to o 000 ( K 1 

Before doing this, however, it may be well to restate the assumptions 
upon which the method is based. They are as follows: (1) Potassium 
chloride will obey the law of mass action over some finite range of concen¬ 
tration, but this range might, of course, be far below any limit which 
could be reached experimentally. 

(a) In the neighborhood of a few ten-thousandths N and below, the be¬ 
havior of potassium chloride with respect to the mass-action law must be 
such that whatever the magnitude of its deviation from that law may be, 
this magnitude will not increase (or change its sign) with further dilution, 
that is, the percentage change of K B with C will not increase as C de¬ 
creases, after C has become as small as o.oooi or 0.0002 N. There is 
evidently no implication in either of these assumptions that the value of 
Ac selected must be one which causes the deviations from the mass-action 
• la the writer's previous paper (p 130) it was slated that the method could he 
employed to determine A» with an accuracy of about o 2% ia the case of conductance 
data which did not extend below o 0001 A’, but this statement was not further elaborated 
because it seemed to the writer that the applicability of the method to such data was 
sufficiently evident from the curves ia Fig. 5 of that paper. 
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kw to disappear gradually in the lower portion of the concentration 
range covered by the data, in fact as we shall show in a moment, values 

which might conceiv¬ 
ably be assumed to 
produce this behavior 
are rejected by the 
method. 

In order to illus¬ 
trate this, a portion 
of Fig. 5 of the pre¬ 
ceding paper (Fig. 2 
of the present paper) 
lying between the 
concentrations o.oooi 
and o 00035 N will 
be magnified and in¬ 
stead of attempting 
to draw smooth 
curves between points, straight lines will be used. 'Hie figure thus ob¬ 
tained is shown herewith (Fig. 1). In constructing this figure the values 
of the ordinates of the different curves have been displaced so as to cause 
the curves to intersect at C ~ o 00035 N. 

Applying the above 2 assumptions to this figure it is evident that the 
value A 0 = 129 34 is to be rejected and that similarly the value 129.7 
(or thereabouts) is similarly to be rejected, as are all of the values which 
lie outside of the limits set by these two. It is evident from this figure 
that no value can lie selected for A 0 which gives a behavior even approxi¬ 
mately in accordance with the mass-action law, unless indeed the value 
139,14 should be so selected on the assumption that the datum for 0.0001 
N is inaccurate. Down to o 0002 N the value 129.14 evidently gives a 
curve which does nor deviate very markedly from the requirements of 
the mass-action law and if the point at o 0001 N were rejected (and such 
rejection might indeed have been justified previous to Weiland’s work, on 
Owe grounds that at this low concentration small errors in the conductivity 
or In the method of applying the water correction would have a verf 
large influence on the computed value of K E ), the application of Kendall's 
method to the data for potassium chloride might point to 129.14 as the 
most probable value for A 0 . This value would, however, of course be¬ 
ne jected by the writer’s method, which method does indeed not directly 
determine the value of A„ at all, but merely places an upper and lower 
Hteit on it the method is thus not a method of selection but rather a 
Criterion for rejection. 1 

1 (Note by Ja:me* Kendall).-—“X am entirely in agreement with the differentiation 
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Kraus’s Criticisms. 

The first part of Kraus's paper is devoted to a mathematical analysis 
of the K e — C curve and this analysis is, in the main, accurate for the 
assumptions which he makes. In the interests of exactness the following 
points may be noted, however. The 2 sentences immediately following 
his Equation XI are exact statements only if the values assumed for A 0 
are greater than approximately 129.65 in the first statement, and 129.5 
in the second. The statement immediately following his inequality 
No. XII is obviously true, but in the writer’s opinion the most important 
part of the statement is the conditional clause which introduces it. One 
of the fundamental differences in the view points of Kraus and the writer 
is brought out in the paragraph immediately following his inequality 
No. XIII. The writer is unable to see any force whatever in the argu¬ 
ments which he there advances. 

In the previous paper by Kraus and Bray, these authors fitted to the 
conductance curve for potassium chloride the following empirical equation: 


A *C 

o(,a — A) 


b -f- c 



in which a, b, c and J are parameters to be evaluated from the data. They 
•were able to fit the equation to the data, with satisfactory agreement, 
from the concentration C = 3 JV down to C = 0.001 .V, but below the 
latter concentration the equation did not agree with the experimental 
data of Kohlrausch. Because of this, they argued that Kohlrausch's 
data below 0.001 N were incorrect, stating that it would be “an unjusti¬ 
fiable procedure to assume, afttu showing that a certain dilution law holds 
from 3 N to 0.001 N within the limits of experimental error, that the 
law suddenly undergoes an enormous change after reaching a dilution 
where there is good reason from a theoretical standpoint for believing 
that the law must hold.” 

This line of reasoning has already been discussed by the writer in his 
previous paper and the dismission need not be repeated here. Since the 
measurements by Weiland have confirmed those of Kohlrausch, Kraus 
in his last paper (p. 15) rejects the above conclusion of Kraus and Bray, 
but seeks, nevertheless, to retain intact the argument which lead to that 
conclusion, that is, since his equation cannot be fitted to the whole con¬ 
ductance curve from 3 N down, he proceeds, so to speak, to pull the equa¬ 
tion down the curve so as to start it at about 0.02 N instead of 3 N- 
Then by re-evaluating the 4 parameters (and incidentally obtaining 
quite different values for them) lie finds, not unnaturally, that the equa¬ 
tion can be fitted satisfactorily to all of the lower end of the curve, 
here drawn by Prof. Washburn between our respective methods for the determination of 
A*, and extend my apologies in return to Prof. Washburn if I have erred in directing 
attention too strongly to the striking points a I similarity which they exhibit." 
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Now the extrapolation of such purely empirical functions will naturally 
give as many different results for A 0 and K a as there are different kinds 
of empirical functions which can be fitted to the experimental data within 
the range open to measurement, and in this respect there is no particular 
virtue in the Kraus empirical function over others (for example, the Bates 
function), which might be equally satisfactorily fitted to the experimental 
portion of the curve. In fact we can never hope to determine A„ and 
Ka with any feeling of confidence unless the determination can be based 
Upon some guiding principle other than the mere extrapolation of some 
one of the various empirical functions which might be fitted to the ex¬ 
perimental data. The method employed by the writer is based upon 
such a guiding principle and if the principle in question is admitted to be 
reasonable {which Kraus does not admit), the method of employing it 
is mathematically sound. Before going into further detail concerning 
tfie reasons for making the assumptions upon which the method is based, 
we will first consider in sequence some of the specific criticisms which 
Kraus makes of the method ami of the manner m which it is applied. 

(i) On page 8 of his paper Kraus advances the opinion that an "er¬ 
ratic behavior" of a curve is to be judged not alone by the form of the 
primitive function but also by any unusual changes in its derivatives. 
He then proceeds to show that the first and second derivatives of the 
j— C graph obtained by tlic writer's method are rather complex m their 
behavior. The argument that a given type of regular and smooth curve 
is to lie condemned on the ground that its higher derivatives go through 
some rather rapid changes in certain regions, is at least a novel one. If 
potassium chloride is to oliey the mass-action law over any finite range 
of concentration whatever, the K curve mud evidently be of exactly 
the type which the writer's method of extrapolation gives and its higher 
derivatives must exhibit the behavior which Kraus indicates. His con¬ 
demnation of the method on the grounds of this lielmvior is, therefore, 
only a reiteration in other terms of his own view that it is unreasonable 
to assume that such electrolytes will obey the mass-action law within 
any finite concentration range whatever. Incidentally it may be noted 
that the atomic-heat curves of all the solid elements and the Debye and the 
Nernst-Lindemann equations which express them, have the same general 
form as the K k ~~C curve which Kraus condemns and their higher deriva¬ 
tives will exhibit the same "remarkable behavior,” upon which he bases 
this condemnation. The reason why Kraus’s own function can never 
exhibit such a behavior is, of course, merely because of its exponential 
form. There are plenty of other types of empirical functions which wild 
be fitted jiist as satisfactorily to the data but whose derivatives would, 
of course, pot behave like those of his exponential function. 

(a) On p, io Kraus states that the writer's first assumption, namely. 
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that the values of Kb will eventually gradually approach a constant at 
extreme dilutions, is not fulfilled by the method of extrapolation. This 
statement is perhaps due to a misunderstanding. The expression "gradual 
approach to a constant limiting value," was intended to mean simply 
an eventual perpendicular approach to the E B axis attained by a gradual 
and smooth decrease in K P with decreasing (,', and this assumption is 
certainly entirely consistent with the method of extrapolation employed. 1 

(3) Kraus further concludes fp. 12) that the writer's statement, 

“that no assumption is made as to the actual path over which values of 
K u will approach the constant limiting value * * * * ” is not cor¬ 

rect, on the ground that this method of extrapolation is based on the as¬ 
sumption that K F approaches its limiting value horizontally. Of course 
it is based upon this assumption, this Iieing, as stated above, the first 
of the 2 assumptions which constitute the principle of the method, but 
nevertheless no assumption is made as to a particular mathematical 
equation with numerical parameters determined by the measured portion 
of the curve, which rigidly fixes the path of the curve ixdow the lowest 
measured point. In this essential respect it differs from all of the "em¬ 
pirical function" methods of extrapolating. 

(4) Kraus then criticises (p. 13} adversely Weiland's procedure by 
which he first treats individually each of his 4 series of measurements, 
subsequently averaging the results thus obtained. If there had existed 
only one set of measurements certainly no objections could have been 
made to treating this set by itself. It is difficult to see how the fact that 
more than one series of measurements was made should lie considered an 
objection to the initial treatment of each series by itself, even without the 
suggestion of any possible cause for the slight differences among the differ¬ 
ent series. Kraus also objects to Wetland's suggestion that the cause 
of the slight differences among the different series might l>e small varia¬ 
tions in the cell constant. He liases this objection upon the fact that in 
the cases of 2 of the 4 series finally employed (and a third one which was 
rejected), the concentrations were extended sufficiently high to enable 
the cell constant to lie determined by comparison with Kohlraasch’s 
data and that in these cases the cell constants were found to be identical 
within the experimental error. Whether or not the apparent deviations 
are to be ascribed to slight variations in the cell constant this seems hardly 
adequate grounds for objecting to the initial treatment of each series as 
Consistent within itself. Moreover, it should be noted that a variation 

1 tt is true that the me that! could stilt be formally applied it the first assumption 
were dropped and only the second one used, but without the first assumption the 
second one would appear to lie entirely arbitrary, because there would then be uo 
particular reason why it should lie valid. The 1 assumptions are complementary and 
tofether constitute a logical and reasonable principle upon which to base the de- 
terminafioa of A,. 
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in the cell constant, too small to be detected by comparison of the conduc¬ 
tances of a o.oooi N solution at the end of 2 different runs, might still 
be large enough to produce very appreciable differences in the K B values 
calculated from measurements below 0.00005 N. Since with the data 
obtained in a single run, the cell constant cancels out of the mass-action 
expression, the procedure of initially treating each series by itself in order 
to eliminate any possibility of error due to a slight change in the cell 
constant is certainly not an illogical one. 

(5) Kraus then advances the criticism (p. 13) that since the interpola¬ 
tion curves drawn by Weiland through his experimental points approxi¬ 
mate straight lines, a tacit assumption, namely, that of linearity, is made, 
as to the manner in which the curves should proceed. It is difficult to 
understand how Kraus can offer this as an objection since in the preceding 
sentence he admits that Weiland’s curves lie within the limits of the ex¬ 
perimental errors. It is certainly a sound procedure for interpolation 
purposes to put a straight line, rather than some more complicated curve, 
through a series of experimental points, if the straight line fits the data 
within the experimental error. Such a procedure, of course, does not 
assume that some other type of curve might not also be drawn through 
the points and reproduce the data equally well. 

If, however, as in this case, the data require a straight line or a curve 
approximating to it, it is hard to see why drawing such a curve can con¬ 
tain "a tacit assumption as to the manner in which the curves should 
proceed.” The manner in which the curves should proceed is, within 
the experimental error of the data, determined by the loci of the observed 
points and not by any kind of assumption which it is possible to make, 
unless indeed one wished to admit the reasonableness of putting an oscil¬ 
lating curve through the points. 

(6) On p. 14 Kraus makes a series of statements which he sums up in 
the following sentence- ‘‘In fact an extrapolation to zero concentration 
by Washburn’s method cannot give a correct result unless the curve in 
the experimental region is a straight line in the C -A plot," and he goes on 
further to point out the obvious fact that it is possible to pass a great many 
curves through Weiland's observed points, all lying within the limits of 
experimental error. He then finally concludes that the “true form * 

* * * * is one convex toward the C-axis and not a straight line 
as Weiland and Washburn tacitly assume.” 

To these criticisms the writer must most emphatically demur. The 
result obtained by the writer's method of extrapolation is not dependent 
upon the passing of a straight line through the observed points. The 
method is entirely applicable, as already explained in the first part of this 
paper, even though the points do not lie on a straight line or on anything 
resembling a straight line. Furthermore, any empirical function which 
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will express Weiland’s data within the limits of experimental error, pro¬ 
vided, of course, that some oscillating function like a sinusoidal curve is 
not employed, may be used (instead of the objectionable “'straight line”) 
for interpolating the values which are employed in constructing the family 
of Kg — C curves shown in Fig. 2. This can be illustrated, for example, 
by taking Kraus's own junction which he has fitted to these data and which, 
according to bis own arguments, possesses all the desirable qualities 
which such a function should have, and employing it for the purpose of 



Fig. 3, 


interpolating the necessary values for constructing the family of curves. 
If this is done a family of curves identical with that shown in Fig. 2 will 
be obtained, except that the central curve from which the others branch 
off will have the value of 129.65 instead of 129.64. In fact the only result 
of using different interpolation curves through the experimental points 
is to change slightly the A 0 value of this central curve of the family, a 
behavior which is in fact dearly illustrated by Weiland's own treatment 
of his 4 curves. 1 

1 See FI*, is. p. 143 ot his paper, 
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The different curves in 3 %, 2 are due to the selection of different as¬ 
sumed values fra A 0 Among these various curves the criterion which 
the writer employs says that the true value of A„ belongs to a curve lying 
between the 2 limits determined by the curves marked 129.63 and 129.65, 
while Kraus claims that the correct curve is the one marked 129.9. From 
studying this figure, it is difficult to see any reason whatever for selecting 
from the various curves there shown, the one marked 129 9 and claim¬ 
ing that it is the correct one. Certainly the selection of this curve must 
apparently be made without any adequate guiding principle. The curves 
marked 129.7 to 130 1 in the lower part of the figure appear to have no 
distinguishing characteristics, which offer a basis for selecting one of them 
in preference to the others. The rejection of curve 129 63 and those 
above it and of curve 129 65 and those below it, however, is based upon 
the thoroughly reasonable assumption that immediately lielow the con¬ 
centration o 00005 /V the mass action expression for potassium chloride 
is not going to change with the concentration at a more rapid rate than 
it does at concentrations immediately higher, nor is the rate of change 
going to alter in sign 

The reasons for the 2 fundamental assumptions employed by the writer 
are the following. (1) The mass-action law is a direct deduction from 
the Second Law of Thermodynamics for any chemical equilibrium in a 
solution within which the thermodynamic environment of the reacting 
species remains constant This will lie the case whenever the solution 
is so dilute that the nature of the environment of each reacting species is 
determined entirely by the properties of the water molecules which sur¬ 
round it, the other ions and molecules living too far away to exert an ap¬ 
preciable influence upon its environment. In the nature of the case 
this condition will lie attained after sufficient dilution but the degree erf 
, dilution required cannot, of course, be predicted in advance. 

(2) The second assumption, namely, that, after a dilution of 5,- or 
10,000 liters has been reached, the deviation from the mass-action law 

( »,will thereafter nut at any rate increase with further dilu- 
iCg dC } 

tioa or change in sign, is perhaps more difficult to justify by formal reason¬ 
ing. The selection of the particular dilution limits named is admittedly 
hosed largely upon ‘‘physico-cheiniral instinct" arising out of the whole 
body of knowledge which we have concerning the behavior of dilute solu¬ 
tions. In a o 0001 N solution of potassium chloride the solute particles 
are on the average separated from one another by a distance of 60 water 
molecules and it seems not unreasonable to suppose that further separa¬ 
tion will not at all events accelerate the rate at which the molal fugacity 
OH any of the species is changing with the concentration. 

The method employed by Kraus fen evaluating A* is based upon, or 
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at ail events involves, the assumption that the magnitude of the devia- 

( 1 d K b \ 

t. e., — —jjp; y 

increases with dilution at a constantly accelerated rate until it finally 
reaches an infinite value at C = 0. His assumption is thus the exact 
opposite of the one employed by the writer, or mathematically expressed: 

lim<. _ 0 — = o (Washbum) 

A' £ dC 

t d K e ,,, . 

lim c . 0 — = - 00 (Kraus). 

h. E dC 

t-KBAKA, 11.1.1 KO19 

THE EXTRAPOLATION OF CONDUCTIVITY DATA TO ZERO 
CONCENTRATION. A REPLY. 

By Ciiaulls A Kraus. 

Kccejved February 27, 1920. 

Through the kindness of the Editor of This Journal, the foregoing 
article by Dr. Washbum was submitted to the writer ill manuscript form 
for reply. The various points of difference have for the most part been 
treated sufficiently in the preceding papers and need not be discussed 
further here. However. Dr. Washbum has made his position somewhat 
clearer in certain respects and has raised one or two new points which 
may be considered further. 

In the first place, Dr. Washburn now' slates that the mass-action law 
is assumed to hold at finite concentrations. 1 Without entering into a 
discussion of the probability of the correctness of this assumption from 
a physical point of view, it is at twice clear that this is, indeed, the funda¬ 
mental element underlying Dr. Washburn's position". In his method of 
extrapolation he assumes the mass-action law to hold. The graphical 
means employed to cany' out the extrapolation naturally conform to this 
assumption and the extrapolated values are necessarily in harmony with 
it. The fallacy lies in that the agreement of the extrapolated values with 
the mass-action law are looked upon as a proof that this law holds, whereas, 
in fact, such agreement is merely a consequence of the assumption made. 
Naturally, somewhat the same condition prevails in the case of any 
extrapolation. The extrapolated values necessarily agree with the func¬ 
tional relation assumed iu carrying out the extrapolation. There is t&is 
difference, however, in the 2 cases: Dr. Washburn's extrapolation func¬ 
tion holds only for the last point of the experimentally determined curve* 
while other methods employ a function which holds over a considerable 
range of concentration. The greater the range of experimentally deter - 
1 Washbum, This Journal, 4*, 1079 (19*0), 
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tamed values that can be accounted fear by means of the function in ques¬ 
tion, the greater the probability that the extrapolated values lie within 
a given limit of precision. 

As Dr. Washburn himself points out, his method of extrapolation may 
be applied to a solution at any concentration and for any form of conduct¬ 
ance curve. This is obviously the case, since he assumes his function to 
hold only for the last experimentally determined point; in other words, 
the function does not hold over an appreciable range of concentration in 
the regions where measurements exist and it may, therefore, always be 
applied. It follows, further, that the agreement of his extrapolated values 
with the measured values will always be equally good, e , they will hold 
exactly at the last point. 

This is illustrated in the following table, in whicli are given values of 
fC and A 0 as determined by extrapolation by Dr. Washburn’s method, 
for the intervals io -s to io~ 4 N and w~ ! to jo _j A', together with the 
Values of K'{K R ), at different concentrations. The values relate to 
potassium chloride in water at i8° and the data are taken from the work 
of Kohlrausch and Maltby. 

Tabus I.—Values or K' and A 0 over DrpRSRBNT Concentration Intervals 


Accordinc to Washburn’s Method 

C I0-* 15X10-* 2XI0-* 5X10-* 5XI0-* 7 X I0-* 10* 

K ’ . o 03605 o 03612 o 05626 o 03878 o 04634 o 05282 o 05R60 

K «* o 03605, A, «* 129 408 

C. 10 -* 15X10-* 2X10-* 3XI0-* 5X10-* 7XI0-* 10-* 

K 1 . o 1147 o 1151 o 1165 o 1267 o 1594 O 1686 o 1941 

K = o 1147, A» *» 128 372 


It will be seen that in both intervals K' decreases and gradually ap¬ 
proaches a limiting value. For the interval io~ J to io~ 4 N we obtain 
the limiting values K = o 03605 and A„ = 129 408, while for the in¬ 
terval to“* to io _l N we obtain the values K ■= o 1147 and A<> *■* 128.372. 
It is evident that Dr. Washburn’s method may be applied to any con¬ 
centration interval and it will in every case be found that the extrapolated 
values conform to the mass-action law at the end of this interval. But 
the values of Ae and K determined in this way will be different for differ¬ 
ent intervals. If, therefore, the method is applied to the last points at 
which experimental data are available, it will appear that the point has 
jtiSt been reached where the mass-action law applies. But this condi¬ 
tion was assumed in the first place, and the apparent agreement is without 
Weight in determining whether or not the mass-action law really holds. 

In principle, Dr. Washburn’s method is not new. The same method 
Was employed by Wegscheider , 1 the only essential difference being that 
Wegscbeider did not employ graphical means in carrying out the extra* 
pdatkm. He r&owed, however, that a value of A» may be assumed such 
1 Wegscheider, Z. pkyHk. Chan., 69, 603 (1909). 
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that the points for a limited concentration interval contonn to the mass- 
action law within the limits of experimental error. Obviously, such a 
result may be obtained at any point of the conductance concentration 
curve and, if the point chosen be the last point for which experimental 
data are available, then it will appear that the mass-action law is ap¬ 
proached in the manner which Dr. Washburn has found in the case of 
Weiland’s measurements. Other investigators have likewise employed 
this method of extrapolation, notably Dutoit in dilute non-aqueous solu¬ 
tions. 1 

In the treatment of his results Weiland has drawn his individual curves 
as well as his average curve in such a manner as to conform approxi¬ 
mately to the mass-action law between the last 2 interpolated points. 
Dr. Washburn defends Welland's method of treating his results as indi¬ 
vidual series and the manner of drawing his curves. If the relative 
precision in a given series of measurements is sufficiently high with re¬ 
spect to the precision obtained in different series, then this method of 
treatment may be justified. There is, however, much doubt as to whether 
Weiland actually attained a sufficient precision to justify such a procedure. 
In any case, if the different series have sufficient precision so that they may 
be treated individually, then the curve which is drawn through the points 
in any series should as nearly as possible pass through all the points. Of 
course, in drawing a curve in the case of the C, A-plot, it would hardly be 
permissible to assume a high degree of complexity, since at higher con¬ 
centration it is known that the curve is of comparatively simple form 
and it is improbable that the curve becomes more complex at lower con¬ 
centrations. In any case, if it is possible to pass a simple form of curve 
through a given series of points, the curve should unquestionably be so 
drawn. But this lias not been done in Weiland's treatment of his re¬ 
sult. Weiland s data not only do not require that a straight line should 
be drawn through them, as Washburn states,* but they do require that a 
curve should lie drawn through them and this curve is in general convex 
toward the ( 7 -axis but in no case concave. Neither the points of indi¬ 
vidual series nor the jioints of the average curve actually conform to the 
curves as Weiland has drawn them. As stated in the writer’s previous 
article, the curves for the individual series are for the most part convex 
toward the axis of concentrations, particularly in the more dilute solu- 
' tions, while none of them are concave toward this axis, which result 
might reasonably be expected if the true form of the curve were a straight 
line, i. e., if the mass-action law applied. So, too, if the value of aB the 
determinations are averaged, they yield a curve distinctly convex toward 

1 Dutoit and Duperthuis, J. chim. pkys., 6, 705 (1908), Dutoit and Gyr, ibid., 7, 
198 (1909). 

* Washburn, lot, cit., p. 1084. 
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the axis of concentration, thus precluding the conclusion that the mass- 
actlon law applies within the range of concentrations actually measured. 

In his last paper, Dr. Washburn claims that his method of extrapola¬ 
tion is independent of the nature of the interpolation function employed in 
obtaining values on a smooth curve at round concentrations. 1 He claims, 
in fact, that the values interpolated by means of the writer’s function 
yield, when treated according to his (Dr. Washburn’s) method, the value 
*■ 129.65, a value practically identical with that deduced by Weiland. 
This is cot correct. If the writer’s interpolated values are treated in 
this way, the value A 0 = 129 74 will be obtained corresponding to the 
tangent A</—P as shown m Fig. 4 of the writer’s previous article.* 
The value A 0 * 129 65 corresponds approximately to the tangent A„i — 
P' of the same figure. In this case the value assumed for the conductance 
at the concentration corresponding to the point P does not represent a 
value interpolated by means of the writer’s function. 

As was pointed out above, Washburn’s method may indeed be applied 
to any form of curve and at any concentration, but the value of A 0 will 
be different for the different concentrations and for the different forms of 
curves, save in the exceptional case that A is a linear function of the con¬ 
centration, in which case the mass action law is actually obeyed. 

It is evident that, in order to demonstrate that the mass-action law ap¬ 
plies, it must be shown that the points in the A, C-plot lie on a straight 
line; that is, that a straight line will represent the results within a smaller 
limit of error than any other simple type of curve. This Weiland’s meas¬ 
urements do not do. The average values of his measurements yield a 
curve distinctly convex toward the C-axis. Weiland's results, there¬ 
fore, indicate that the mass-action law does not hold up to 2 X 10“* N. 

Worcbsthk, Mass 


THE EXTRAPOLATION OF CONDUCTIVITY DATA TO ZERO 
CONCENTRATION. FINAL REJOINDER. 

By Rdwarp W. Washburn. 

R-clved Aprils, 1920. 

From Kraus’ latest contribution to the discussion of the above topic 
it is evident that the writer has faded entirely to make clear the nature 
of his method of extrapolation and its essential differences from previous 
methods Despairing of his ability to improve the lucidity of his previous 
attempts, the writer desires only to add one more illustration in further 
refutation of Kraus’ reiterated claim, that the character of the results 
Obtained arise from the asserted ‘'linear” nature of the interpolation 
curve which Weiland passed through his observed points, this interpola- 

* Washburn, foe, tit., p, 1084 1 

* Tms Journal, 4a, u (1920). 
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tion curve being incorrect and unjustified according to Kraus’ point of view. 

Now obviously one way of avoiding all question on this point is to 
abandon entirely the use of any interpolation curve and to apply the 
extrapolation method directly to the observed points. By such a method 
of procedure one, of course, loses the very desirable advantage of smooth¬ 
ing out the irregularities of the observations, these irregularities naturally 
appearing in a very highly magnified form in the K c — C diagram, but at 
all events no allegation of personal bias as to the proper locus and course 
of the C -A curve can be brought against the method. 

Of the several series of measurements made by Weiland, one, that of 
January 24, contains 5 measured points ranging from 2 to 180 micro¬ 
equivalents per liter. Moreover, as evident from Fig. 10 of Weiland’s 
paper, the points of this series are not only more numerous and regular 
than those of any other series, but by their location they evidently repre¬ 
sent more nearly the average of 
all the measurements than do 
those of any other scries. We 
shall, therefore, employ directly ' 1 \ 

this series of points for extra ---w - " 

polation. cw! __- —tT- 

In this way the graphs shown , -— ""’Jjs* "’** 

in the accompanying figure are ' 

obtained, all attempts at smooth- ’■ ' 

ing being also avoided here. 

From these graphs the writer’s 1 ___ 

method of extrapolation evi- 

dently places the true X c value between 129.60 and 129.70, the most prob¬ 
able value being about 129.64 or 129.65, and this value is selected not at 
all for the reason that it gives results in agreement with the mass-action 
law, but for reasons which have been sufficiently explained above. 

The above conclusion is, of course, wholly dependent upon the as¬ 
sumption that the data employed are correct and is valid only insofar 
as they are correct Anyone is, of course, at liberty to claim that Weiland’s 
data do not have the accuracy which their consistency with one another 
would seem to indicate and such a claim may indeed be true. Certainly 
the writer would not go so far as to assert the contrary, but until experi¬ 
mental proof of their inaccuracy is brought forward they are entitled 
to acceptance, at least tentatively, at their face value. To do other¬ 
wise would resemble too much Kraus’ former proposal to reject Kohl- 
rausch’s data below 0.001 N because they did not harmonize with the 
empirical function which he had succeeded in fitting to the data above 

that point. , 
r 

Uxiuma, lumen 
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{Contribution prow the Polytschnic Institute op Warsaw.} 

THE RESTATEMENT AND CORRECTION OF THE THERMO¬ 
CHEMICAL DATA ON ORGANIC COMPOUNDS. 

L THE DATA OF P. W. ZUBOW . 1 

By W SwraTosLAWSKt. 

Received February 4, 1920 

In 1917 I published in This Journal* a discussion of the necessity of 
accepting and introducing a standard unit into the thermochemistry of 
organic compounds, with a view to the correction of all measurements 
performed by means of the calorimetric bomb. 

Before this standard unit should be accepted and established by an 
authoritative body, I proposed, for the determination of the constant 
of a calorimetric bomb, the combustion of the following substances and 
the acceptance of the following heats of combustion’ 

Naphthalene 9612 ca! 1 Impressed in is°cal 

Benzoic aad 6 u 1 cal > F01 1 g of substance 

Cane sugar 3945 cal j Weight iti air (e constant) 

The above-mentioned paper states the reasons for accepting these num¬ 
bers as the most probable. The heat of combustion of naph¬ 
thalene especially can be considered as very exactly measured, 
because the determinations performed in 2 different laboratories (in the 
Bureau of Standards at Washington by Mr. Dickinson, and in the Lougi- 
nine’s Thermochemical Laboratory by myself) had given the identical 
values of 9612 cal. ± o 01%. It is also very probable that 2 other values, 
6311 and 3945, are correct within =*=0.05'}). If we accept the cited data 
as a provisional basis for the thermochemistry of organic compounds, we 
can then set about to correct the thermochemical data of previous investi¬ 
gators. This problem cannot be deferred, because at present we are 
already lost in conjectures about the conditions which might have in¬ 
fluenced the M. Berthelot’s, W. Louginine s, Stohmann’s, and all other 
previous investigators’ measurements. 

1 Nate by P. W. Zuboto: 

I pointed out formerly that the values given by my determinations were too 
large and explained this by the hypothesis that the heat capacity of my bomb had been 
erroneously determined To correct my data, 1 had intended tfi make a new determina¬ 
tion of the heat capacity, but I put oS this experiment, believing that my values were 
comparable with each other, and relatively true and exact The investigations of W, 
Swfctodawski have shown that the correction of my data can be performed without a 
new determination of the heat capacity of the bomb. The correction Of my data by 
Means of a constant factor had been often discussed with W. Swietoslawsld and when 
the latter raised the question of introducing a standard unit into thermochemistry and 
weeting ail previous thermochemical data, I expressed my pleasure at bis proposal 
” “calculate my measurements For this purpose I have delivered to W. Swtetos* 
towsln all my experimental data.— P. W. Zvbow," 

* 39 , *393 (>917). 
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In another paper corrections will be published which ought to be intro¬ 
duced in the measurements of the above mentioned authors. In this 
communication will be given the corrected data of P. W. Zubow; the re¬ 
sults of measurements performed with the greatest accuracy and precision 
in Louginine's Thermochemical Laboratory at Moscow in 1892-1910. 

It is to be noted that the data of Zubow are especially important, be¬ 
cause the heat capacity of his apparatus was determined by the same 
method as that used by M. Bertbelot in his first measurements, be¬ 
sides which Zubow's calorimetric bomb was made by Golaz in Paris at 
the same time as M. Bertlielot's bomb, and the constant of the appara¬ 
tus was determined by the combustion of naphthalene, accept ing for the 
heat of combustion the first data of Berthelot, obtained in 1887. This 
circumstance is very important, because it will facilitate in the future 
the solution of several problems, by correcting the earlier thermochemica] 
data. 

The correction of Zubow’s data does not involve any difficulty, inas¬ 
much as the author has furnished me with all his experimental data, be¬ 
ginning with those of 1892, and has rendered possible in this way the 
complete reconsideration of the whole question. Moreover the combus¬ 
tion of naphthalene, which was performed by Zubow with the greatest 
precision, facilitated the computation of the factor necessary for cor¬ 
recting his data. 

If we accept 9612 cal. as the heat of combustion of naphthalene, for 
one gram weighed in air, and consider that Zubow obtained the value 
9706 cal. *= 0.03^, we obtain the factor: 


9612 

9706 


0.9907 


Denoting the heat of combustion as given in Zubow’s previous publica¬ 
tions by , 4 un we then obtain as the corrected value . 4 tor . 


- 4 , 


aA u0 =0.9907. 


This value corresponds to the heat of combustion of 1 g. of liquid or 
solid substance burned at 18 0 , at constant volume. 

In Tables I to VI are given the corrected values for 40 hydrocarbons, 
41 alcohols, 23 ketones, 7 esters, 9 acids and 6 compounds containing 
nitrogen. 

In these tables / 4 U „ indicates Zubow’s uncorrected data; , the heat 
of combustion of one gram of substance weighed in air; . 4 mo t (t 1 const, or 
p const.), the heat of combustion of one mole of substance, weighed in 
air; —the molecular heat of combustion of substance, weighed 

in a vacuum; W n , the correction for the gaseous state of the substance, 
when f° indicate the boiling point. The last values were computed from 
the specific leats c it -, and the heats of evaporation W, of the substances 
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at t°. Where the experimental data for this computation were not known, 
the values for W|g were interpolated. indicates the molecular heat 

at combustion of the substances in the gaseous state at t° and p = coast. 

A comparison of Zubow’s data with those of other authors will be made 
in the next paper. 

Warsaw, Poland. 


[Contribution from the Department op Chemistry of Cornell University.! 

THE CRYSTAL STRUCTURE OF CESIUM DICHLORO-IODLDE.* 

By Ralph W O Wyckoff. 

Received March 1. I MO. 

Purpose of the Investigation.—The crystal structure of the alkali 
halides, sodium and potassium chlorides, has been determined.* It has 
seemed of particular interest to ascertain the modifications in this struc¬ 
ture which result when more halogen atoms are introduced into the mole¬ 
cule with the formation of alkali polyhalides. 

The real nature of these compounds has long been in doubt and it was 
felt that a knowledge of the crystal structure of a typical polyhalide 
might aid in removing this uncertainty. Formerly it was customary to 
consider these compounds as “double salts" or "addition compounds," 
for instance the trihalides as compounds of RX and XX'(CsCl ICl) 
where R is an alkali metal and X and X' arc halogens, and the penta- 
halides as compounds of RX and XX' s (CsCl IC 1 3 ).* The ease with which 
such compounds as R(ICLt) are decomposed into normal halide and com¬ 
plex halogen (RC 1 and ICla) by carbon tetrachloride* supported this view. 
By some the halogen atoms were considered to be grouped about the posi¬ 
tive atom but as Werner 4 has pointed out, this point of view is quite un¬ 
tenable. The view which seems to agree best with the properties of these 
compounds considers them to be compounds of metal ion or group and 
complex halogen anion. 4 More recent studies, especially upon the poly¬ 
iodides, have strengthened this view.* 

Cesium dichloro-iodide (CsCliI) was chosen for this study of crystal 
structure because of its supposed dimorphism, and because experience 
had shown that good crystals of one of these forms at least could be readily 
prepared. 

* This article is based upon a portion of the thesis presented to the Faculty of the 
Graduate School of Cornell University by Ralph W. G. Wyckoff in partial fulfilment 
of the requirements for the degree of Doctor of Philosophy. 

*W. H. Bragg and W. L. Bragg, "X-Rays and Crystal Structure," 1918. Chop. VII. 

’Wells and Penficld, Am. J. Sci., [3] 43, 29 (1893) discuss possible structures 
for the trihalides 

* Weifdajid and Schlegelmflcb, Z. anorg. Chtm., 30, 134 (1903). 

4 A. Werner, “New Ideas on Inorganic Chemistry" (Hedley, translator), 1913, p. 86. 

* R. Abegg u. F. Auerbach, “Handbuch d. anorg. Chem.," Bd. IV, AU., a, 43a 
etseq. 
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Preparation of the Specimens.—Cesium dichloro-iodide is described 
as crystallizing; in a forms, a hexagonal and a rhombic modification. The 
hexagonal cesium dichloro-iodide is obtained from solutions which are 
rather weak in cesium chloride (CsCl). If cesium chloride is present in 
larger quantities, the rhombic form is said to result. 1 

Rhombohedral (hexagonal) cesium dichoro-iodide was obtained by 
dissolving about 10 g. of cesium chloride in 50 cc. of water, adding 8 g, 
of iodine, and passing chlorine through the hot solution until all the iodine 
had dissolved.* Six-sided plates (less than a millimeter in thickness, but 
nearly a centimeter in diameter) formed upon slow cooling. The edges 
of these plates reflect light well but the 2 large faces are invariably dull 
and pitted. 

All attempts to prepare the rhombic modification by increasing the 
amount of cesium chloride failed. When the concentration recom¬ 
mended by Wells and Penfield 3 was used, small crystals that were appar¬ 
ently of the rhombic system appeared. But when these crystals were 
examined by the X-rays the pattern that was obtained clearly indicated 
that the crystals were not simple, but twinned. On breaking the crystals 
they were frequently found to be hollow. Usually all of the faces ap¬ 
pearing upon these crystals reflected light fairly well. Attempts to grow 
rhombic crystals by slow evaporation over sulfuric acid in a room of con¬ 
stant temperature also failed. Under these conditions twined crystals 
were always obtained Crystals were grown from solutions, the cesium 
chloride content of which varied by small steps from a solution contain¬ 
ing one molecule of cesium chloride to 5 molecules of water, from which 
rhombohedral plates of cesium dichloro-iodide were obtained, to the 
point where cesium chloride itself crystallized out. 

Because of the failure to produce true rhombic cesium dichloro-iodide 
the special rhombohedral arrangement, which shows only in this particu¬ 
lar polyhalide, has alone been determined. 

The cesium chloride used in preparing the cesium dichloro-iodide was 
very pure. It was originally obtained from pollucite, and an arc spectrum 
photograph showed the presence of no other alkalies. 

The Methed of Crystal Structure Determination.—The method of 
study is similar to that used by Nishikawa in studying the structure of 
, A the spinels.' This method may be considered as made up of 2 parts. 

1. The study of the X-ray spectrum obtained from the antkathode of 
an X-ray bulb using the crystal under investigation as a grating. From 

1 Wells and Penfield, loc. cii , p. 17. 

* If an excess of chlorine is used, cesium tctrachloro-iodidc (CsCIJ) is produced 
(Wells and Penfield, loc. cit.). 

* Loc, cit. 

‘ S. Nishilcawa, Tokyo Sugaku Buiurigakkaiai Kia, (a) 8, 199 (1915). 
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tills spectrum the distance between like planes in the crystal can be ascer¬ 
tained and information can be obtained concerning the land of unit which 
by repetition of itself builds up the crystal. 

2 The study of the Laue patterns obtained by passing X-rays through 
a section of the crystal. 

Part j. The Study of the X-ray Spectrum. —The X-ray spectrum of 
tungsten from a Coolidge tube was obtained by reflection from the large 
(in) face of a crystal. The distances measured upon the photographic 
plate from the image of the slit to the principal tungsten lines are: 


Line 

Wav*.Length a 

A u 

Mittt 

Cm. 


1 471 

8 6 

ft 

1 27R 

6 9 

ft • 

1 241 

6 7 

*>1 * 

1 095 

5 6 


* M. Sieghahn, Jakrb Radioakt FJektranik , [3] 13, 296 (1916) 


The order of the spectrum which appears upon the plate is not known. 
But from the above data the value of the ratio d/n (where d is the dis¬ 
tance between like planes of this face and n is the order of the spectrum) 
can be calculated. The well-known expression, «X * 2d sin 8 , where 
« and d have the meanings already given, X = the wave length of the 
X-rays, 9 = the angle of the reflection, 1 holds in this case. From this 
equation d/n = X/ (2 sin 6 ) results The distances measured upon the 
photographic plate from the particular lines to the position of zero deflec¬ 
tion are equal to the distances from the crystal to the plate (9.25 cm. ap¬ 
proximately) multiplied by the tan 2 6 . Calculations from the above 
data lead to the following values for d/n. 


loot 


i/m . 


«i • 

ft 

ft 

7i 


a.01 
2.015 
3 ot 
2.03 


A more accurate determination of this ratio can be made, using the refer¬ 
ence spectrum from sodium chloride. In making this comparison spec- 
-trum, crystals of cesium dichlero-iodide and sodium 
chloride were mounted together, one above the other. 
The spacing for sodium chloride is accurately known* so 
that by the use of this sodium chloride spectrum it is 
possible to get the distance from the crystal to the plate 
with greater accuracy. The following table gives tneas- 
F«g. *. urements upon this second photograph: 


\ 


L 


• W. H. Bragg and W L Bragg, let, at , Chap II. 

* W. H. Bragg and W. h. Bragg, ibid,, p, 71, 
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Distance upon the plate from 
sJit image to line for 



N»C1 

CeCJaX 

U'arr Length 

Use 

Cm 

Cm 

A U. 


5 55 

8 65 

* 471 

A 

4 75 

7 20 

1 296 

ft 

4 68 

7 05 

1 278 

ft 

4 5® 

ft 90 

I 258 

ft 

4 So 

6 75 

I 241 

rl 

1 9-’ 

5 75 

1 «95 


The distance from the crystal to the plate, is given by sin 6 = 
tan 28 — in 1 or 1 = m/tan 2 0, where in is the distance of the 
spectrum line from the undev iated line. This leads to the following 


values for * 


I.IHC 

Cm 


9 44 

04 

9 45 

ft 

9 44 

ft 

9 47 

ft 

9 4 

n 

9 43 


9 44 


This value of \, when used for the more accurate evaluation of d/n 
for cesium dichloro-iodide leads to 


1-tnc 

d r K 


2 05 

04 

2 1)2 

ft 

2 o* 

ft 

2 02 

ft 

2 r»\ 

■)1 

2 02 


2 02 X 10"* cm 


The Density of Cesium Dichloro-iodide.—In ordei to know the num¬ 
ber of molecules associated with the unit of structure and the shape of 
this unit, the density of the salt must be known. As no determinations 
were to be found in the literature, the following measurements were made. 
Great accuracy in this determination was not needed for the present 
purpose. The density was fouud by observing the buoyant effect of 
benzene upon definite weights of cesium dichloro-iodide. Most of the 
air could be removed from the particles of the solid by keeping the suit 
during the determination in a small bottle which could be placed in boil¬ 
ing benzene . A number of determinations gave a mean density for cesium 
dichloro-iodide of 3 86. 

The Unit of Structure. Cesium dichloro-iodide belongs to the rhombo- 
feedral division of the hexagonal system. Two lattices, or units of struc- 
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tttre, are fundamental to this division—the hexagonal lattice (r t ) and 
the rhombohedral lattice (r ,*). 1 The spacing (d) between like planes of 
either of these units can be obtained in terms of the crystallographic data, 
the density (p), the weight of one molecule of the salt (M), the number 
of molecules associated with the unit of structure (m), and the order of 
the reflection spectrum (n). In the case of the rhombohedral unit (r r)l ) 
y __ e 1 i — cos a 
3V3 1 + 2 cos a 


where c — the body diagonal of the unit, a = the angle between the 
rhombohedral axes, and V = the volume of the unit rhombohedron. 


■ = va'V v 


+ 2 cos a 


- cos a 


d = c/3 




2 cos a 


V3 


- cos a 


\ V - mM/p 


d * = 


d x /n l = 


tnM (1 + 2 cos a) 

3^3 P (1 — cos a)' 

M (r 4 - 2 cos a) in 


3V3 p (1 — cos a) n 3 ’ 


h’/jm 


M 

P X (d/») J X 3V3 


X 


1 4 - 2 cos a 
1 — cos a 


M = 330,7 X 1 64 X io~* 4 g, where 1 64 X io~ 24 g. is the weight 
of one atom of hydrogen. 1 

p = 3- 86 
a = 98° 22' 3 
d/n = 2.03 X 10 _s cm. 
n*/m = 2 001. 

Since n, the order of the spectrum, is not known with certainty, the 
number of molecules associated with the unit cell cannot be evaluated 
directly. The value of n‘/m, however, is seen to agree very closely with 
the value it would have if 4 molecules were associated with the unit of 
structure and the reflection were of the second order. A consideration 
of the other possible unit, the hexagonal prism, makes P* seem highly im¬ 
probable as the fundamental lattice for cesium ciichloro-iodide. The re¬ 
sults from these spectra measurements point then to a rhombohedral 
unit containing 4 molecules. The later study of the Laue photographs 
confirms this conclusion. 

The value of tn or mi, the number of molecules associated with the 
taut of structure cannot be told directly because n cannot be evaluated 

1 A. Schtaflies, “Krystall systems nod Krystall»tructurp. 459. 

* W, H. Bragg and W. L. Bragg, tec. at., p. no. 

* P. Groth, “Chemische Krystallographje," i, joj (1906). 
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with certainty. It can, however, be obtained in the following indirect 
fashion. All possible values of the ratio n z /m are shown in the following 
table: 


m 

1 

2 

3 

4 

6 

12 

n 







1 

1 

0.50 

0.33 

0.25 

0.16 

0.08 

2 

8 

4.00 

3.67 

2.00 

1 - 3 J 

0.67 

3 


» 3*-50 

9 00 

6-75 

4 -So 

2.25 

4 

64 

32.00 

21-33 

16.00 

10.67 

5-33 

From 

an 

inspection 

of this 

table it 

is evident that 


associated with the unit cell, which is a rhombohedron The spectrum 
obtained upon the photographic plate is of the second order 

Part 2. The Study of the Laue Patterns. —A symmetrical I.aue photo¬ 
graph made by passing the X-rays in a direction normal to the (m) 
face of a crystal and several unsymmetrical photographs when the rays 
were not exactly perpendicular to this face were prepared. Stereographic 
projections of these photographs were made and the indices of the planes 
producing the various spots in the figures were determined. The manner 
of drawing this projection is given by 
the following data for the symmetrical JjL 

case (Fig. ia). /!$r\ 

XYZ is the plane of the photo- / / (\ \\ 

graphic plate, / j jjV \ \. 

O is the position of the crystal, / I j>\ \ \ 

XZ = XY ~ YZ, ' / \\\ \ \ 

OI - 5 cm-, YXI = 3 o°. /_/ Jj \ Y _\- 

b sin aj2 - 1/2 XY = x cos 30° = 7 y' 

therefore 

, *V3 

0 = —:- 7 . Fig. lo . 

2 sin a/2 




Fig. 10. 


+ 5 s = ——-, and x “ 8.9S an. 

4 siw ! aj 2 

If an attempt is made to construct the diagram using a base built upon 
this value of x, there is no simple correspondence between the calculated 
and observed positions of the spots. This agreement, however, is ob¬ 
tained by taking as axes the face diagonals of the figure (as a). These 
new axes rather than the old are to be considered as the axes of the unit 
rhombohedron. The necessary calculations follow: 

* sin 30 ° “ «, 


t “ Vs* + 18-98 sin 30 0 ]* «■ fi.72 <3U-, 
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y - x cos 30° ■* 7«77 cm-. 

0 (the new face angle) * sift " 1 (y/2)/z X a = 70* 42', 



Fig. 2 

The distance 1 between a plane (hki) and a parallel plane through a point 
faysSi) in a rhombobedral lattice is 

(kx, + kyi + tei — 1 ) Vi -f cos* 0 — 3 cos* 0 
V(/t* -f k 1 + P) sm* p + 2 [hk + hi + kl) {cos' 0 — coi 0)’ 
where h, k, l are the Miller indices of the plane. 0 , the angle between 


.r 



r 


■ 

■ 

■ 

■ 

a 






J 




9 


■ 

■ 

■ 


B 

m 

■ 

r 



■ 




m 







■ 

■ 

_i 


■ 

ml 




m 


■ 



9 

■ 

c 





□ 




■ 





m 

■ 


■ 

■ 


■ 

■ 




■ 





■ 

■ 


■ 

■ 


■ 

■ 




■ 





■ 

a 


■ 

m 


■ 

■ 




w 





■ 

a 


■ 

u 



1 




m 





■ 

■ 


■ 

m 


■ 

■ 




■ 






■ 

s 

■ 

■ 


■ 

■ 


a 


■ 





■ 

■ 

■ 

■ 

■ 



■ 

j 7 jt 


J mt 

JH| 


Fig. 3. 


the crystallographic axes, = 7o°42'. x u y u z t are the coordinates of 
the point of reference. From this d (the spacing) is seen to vary with 

1 

V(A* + k 1 + t*) rt*» ! 0 -f 2{kk + kL + kl) (cos 1 0 — cos 0 ) 

But d m consequently varies with the vahie of the 

2 sm 9 2 stn 6 

* A. W. Hull, Phyt, Rev., faj id, 661 (1917). 
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above expression and the wave length, X, of the X-rays, producing a spot 
is a function of 



The distance of a spot from the undeviated position, as measured upon 
the photographic plate, divided by the distance from the crystal to the 
plate is the tangent of twice the angle of reflection, 0 . The relative in¬ 
tensities given in the following tables arc from estimations made upon 



Pig. 4. 


the negative The value of /(X) for the various spots which appear are 
plotted against intensities in Fig. 3 The stereographic projection of this 
symmetrical photograph (Fig 2) is shown in Fig. 4. 

Tabu; I — Data from the Svmmftriiai. Lave Photookafh 


hkl 

Disl*me from 
i-vritral %j>ot 


Intensity. 

oil 

I 90 

0 1130 

1 O 

in 

*5 

0 424 

8 0 


4 

0 173 

4 0 

03T 

2 80 

0 29S 

7 0 

o$i 

3 75 

0 S!4 

3 5 

*3 a 

3 ..v> 

0 199 

9 0 

141 

1 95 

0 1J7 

5 0 

T61 

2 85 

O IJ2 

0 5 

l$2 

3 40 

0 170 

2.5 


4 30 

0 193 

3 AS 

343 

3.15 

0 134 

a.5 
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Sarukr measurements were made upon 3 unsymmetrical photographs 
$nd the data thus obtained are contained in the accompanying Tables 
■ (II, III and IV). In all cases the distance from the crystal to the photo¬ 
graphic plate was 5 cm. 

Table II. —Data from the First Unsymmktricai, Laub Photograph, 


hkl 

Distance from 
central spot. 

/(X) 

Intensity. 

021 

I .40 

0 0592 

2 5 

T20 


0 0492 

2 O 

l02 

1.50 

0 0630 

2 0 

012 

1 95 

0 0S05 

3 5 

2T0 

2 53 

0 loot) 

6 0 

20? 

2 35 

0 0948 

5 5 

11T 

2.50 

0 131 

5 5 

III 

3 15 

0 158 

2 0 

Tn 

1.78 

0 103 

8 0 

121 

3-72 

0 131 

2 0 

I2a 

3 05 

0 113 

3.0 

Tl2 

3 25 

0 118 

i .7 

M2 

4 55 

0 T50 

0.5 

2?I 

5 10 

0 161 

0-2 

2 iT 

4 4 

0 147 

O 5 

03T 

2 25 

0 066 

6.J 

150 

2 IO 

0 062 

7 0 

103 

2 50 

0 072 

3.0 

013 

2 95 

0 083 

«.0 

310 

3 60 

0 096 

0.7 

30T 

3.40 

0 092 

0.7 

051 

3 10 

0 OS4S 

5.5 

150 

2 95 

0 0526 

6 0 

105 

350 

0 0588 

2.5 

015 

3 75 

0 0628 

2 .0 

510 

4 7 ° 

0.0789 

0.4 

50T 

4 60 

0.0800 

0 4 

132 

2 .00 

0.0495 

8.0 

231 

« 55 

0 0393 

4.0 

213 

• 75 

0 0437 

7.0 

123 

2 Oo 

0 0624 

3-5 

S21 

3 00 

0 0700 

3 0 

312 

2 60 

0,0624 

3 5 

141 

1 35 

0 0304 

0-5 

114 

> 85 

0.0404 

4 -5 

4 U 

2 60 

0.0547 

4-5 

1*6 

2 - 5 * 

0-0372 

0.1 

6TT 

3-65 

0.0498 

2 .3 

15T 

2 .90 

0,0480 

4-0 

251 

5-55 

0.0430 

4.0 

215 

2 .90 

0.0480 

3-7 

125 

3 6 5 

0,0568 

1.0 

53 i 

4.30 

0.0639 

0-S 

513 

3.95 

0.0603 

0.7 
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Table II ( continued) 


m 

Distance from 
central spot 


Intensity. 

335 

3 40 

0 0641 

I 5 

233 

323 

4 3 ° 

0 0762 

0 3 

233 

323 

2 25 

0 0434 

4 2 

233 

2 35 

0 0431 

4 5 

332 

2 10 

0 0407 

0 1 

'43 

I 30 

0 0241 

0 1 

'34 

2 OO 

!> 0359 

0 4. 

43 ' 

2 

0 040(1 

0 6 

343 

2 8* 

0 0435 

0 2 

334 

3 70 

0 0536 

2 0 

334 

3 83 

0 0552 

2 0 

433 

3 3 ° 

0 0492 

3 0 

433 

3 OO 

0 04S 7 

3 0 

253 

2 70 

0 0395 

0 2 

332 

2 '5 

0 0446 

0 I 

233 

3 30 

0 0463 

2 O 

532 

3 70 

0 0505 

2 5 

523 

3 23 

0 0458 

2 O 


Tabuc III - Data from Tire Shcovo Unsymmrtrical, Laur Photograph 


hkl 

Distance from 
central spot 


I ntnuity 

OIO 

6 73 

° 342 

7 0 

Tor 

3 25 

0 109 

20 0 

"120 

2 55 

0 0547 

3 0 

102 

7 '5 

0 147 

4 0 

no 

3 80 

0 0597 

8 5 

T03 

9 05 

0 130 

3 3 

031 

2 30 

0 0359 

7 0 

04T 

3 33 

0 0406 

0 5 

140 

4 50 

0 0544 

O 2 

05T 

3 90 

0 03 84 

6 0 

T50 

4 90 

0 0477 

8 0 

“>5 

'O 85 

0 095 

I 5 

06T 

4 35 

0 0361 

0 8 

160 

5 22 

0 0431 

1 4 

07T 

4 80 

0 0400 

0 3 

T70 

5 42 

0 0377 

1 1 

107 

11 65 

0 0724 

O 2 

140 

9 07 

0 1134 

I 2 

150 

8.63 

0 0852 

35 

X70 

8.10 

0 0589 

30 

710 

8 95 

0 0635 

3 O 

190 

7 80 

0.0442 

I .O 

910 

8.50 

0.0474 

o-9 

54 * 

3.20 

0.0299 

0.8 

631 

4-25 

0.0305 

O.I 
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Tabu! Ill (continued) 


Ui 

Distance from 
central spot 

/G) 

Intensity. 

an 

185 

O 0349 

15 0 

321 

3 54 

O 0561 

0 5 

231 

4 47 

0 0582 

7 0 

251 

5 44 

0 0483 

7 2 

36l 

5 7° 

O 0437 

I O 

271 

5 38 

0 0393 

I O 

212 

5 15 

O 081 

I 5 

213 

7 35 

O 0915 

4 0 

215 

9 80 

0 0806 

3 8 

312 

2 40 

0 0306 

6 0 

313 

4 60 

0 0400 

0 2 

3*4 

6 15 

0 0560 

5 <> 

316 

8 25 

0 0558 

2 5 

203 

5 63 

0 0725 

O 1 

22T 

4 87 

0 0842 

6 0 

231 

5 85 

0 0768 

7 5 

24I 

6 ^0 

0 0716 

2 O 

25» 

6 58 

0 0627 

7 0 

271 

0 75 

0 0477 

3 0 

12T 

3 HI 

f) 0892 

9 0 

•3‘ 

4 30 

0 0670 

2 2 

141 

4 95 

0 0600 

8 5 

I5i 

5 32 

0 t>525 

I 8 

16T 

5 55 

0 0462 

6 0 

332 

3 30 

0 0358 

4 5 

342 

4 <5 

0 0399 

0 2 

352 

4 75 

0 0402 

4 0 

552 

6 00 

0 OJ29 

3 5 

572 

6 70 

0 0371 

O I 

331 

6 85 

0 0825 

2 7 

341 

7 35 

0 0761 

<> 3 

361 

7 68 

0 0594 

4 3 

38T 

7 70 

0 0467 

3 5 

451 

8 30 

u 0669 

5 0 

471 

8 45 

0 0549 

3 O 

561 

8 38 

<> 057 

3 5 

581 

9 00 

0 0499 

I 0 

322 

O' 

00 

0 0421 

O 3 

332 

4 55 

0 0464 

6 S 

352 

5 63 

0 044 

4 5 

323 

5 85 

0 0565 

6 0 

T11 

6 45 

0 175 

3 5 

343 

6 97 

0 0368 

3 2 

232 

7 i6 

0 0800 

0 1 

353 

7 28 

0 0330 

0 1 

121 

7 50 

0 147 

6 0 

252 

7 60 

0 0641 

0 1 

131 

7.63 

0 113 

4 0 

141 

7.60 

0.0885 

4 5 
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Table III ( continued ) 


m 

Distance from 
central spot 

AM 

Intensity 

7 ji 

7 52 

0 0716 

O 3 

76 i 

7 48 

O 0602 

4 5 

tSi 

7 32 

0 0449 

0 3 

415 

5 50 

0 0397 

0 2 

435 

710 

0 0470 

2 0 

455 

8 00 

0 0465 

0 2 

3‘4 

3 60 

0 0333 

0 5 

334 

7 95 

0 0638 

4 5 

354 

8.70 

0 0583 

' 5 

213 

3 70 

0 0470 

20 O 

2 33 

9 25 

0 0917 

3 4 

345 

9 60 

0 0629 

1 0 

325 

* 37 

0 0629 

4 0 

I 12 

10 05 

0 187 

3 3 

3<)4 

6 20 

0 0514 

5 5 

102 

7 15 

0 147 

4 5 

7 o 7 

7 75 

0 04(26 

1 5 

IOJ 

9 00 

0 129 

3 5 

105 

10 85 

0 0948 

2 8 

310 

6 00 

0 0497 

0 5 

214 

6 65 

0 0678 

4 0 

217 

8 25 

0 0512 

2 S 

112 

3 80 

0 074 

>3 0 

113 

6 10 

0 085 

» 5 

114 

7 65 

0 0833 

4 5 

ll6 

9 30 

0 0679 

4.0 


T abu. IV -Data from tub Tbird Uhsymmetricai, I.aur Photograph. 


Distance from 


kkt 

centre! spot 

AM 

Intensity. 

523 

3 61 

0 0495 

I O 

433 

3 37 

0 0330 

r 8 

^12 

z 95 

0 0693 

1 5 

4*3 

2 30 

0 0401 

0 5 

323 

2 00 

0 0388 

0 5 

1 iT 

2 SO 

0 1305 

2 5 

343 

2 90 

0 0446 

* 5 

121 

3 30 

0 U95 

2 0 

I3i 

3 55 

0 0946 

t 0 

141 

3 62 

0 0760 

1 0 

16T 

3 70 

0 0533 

1 O 

010 

3 55 

0 3310 

2 0 

T61 

1 03 

0 0463 

x 8 

T41 

2 80 

0 0628 

3 5 

152 

2 2J 

0 0335 

0 6 

©5* 

2 20 

0 0408 

3 3 

13a 

I 58 

0 0399 

3 © 

©3t 

I 50 

0 0455 

8 0 

130 

I 15 

0 0355 

2 .0 
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Tabu} IV (continued). 


hid. 

Distance from 
central spot. 

/(X). 

I eternity. 

III 

0.95 

0 0528 

2.5 

213 

I 20 

0 0310 

1 5 

102 

1.20 

0 0513 

X.S 

121 

2 OO 

0 0782 

3 2 

253 

3 05 

0 0464 

2 0 

233 

2 40 

0 0485 

5.0 

122 

3 40 

0 1035 

1 5 

235 

3 55 

0 0518 

2 0 

215 

2 45 

0 0414 

3 0 

113 

3 40 

0 0915 

I 0 

T05 

3 3 ° 

0 0569 

2 O 

103 

2 30 

0 0671 

4 0 

114 

1 85 

0 0404 

2 0 

Oil 

0 72 

0 0482 

20 0 

0T2 

2 30 

0 0929 

4 5 

0T3 

3 IS 

0 0870 

l 5 

015 

4 00 

0 0657 

1 0 

132 

I 20 

0 0310 

1 8 

121 

I 28 

0 0485 

•5 0 

231 

I 45 

0 0358 

• 5 

134 

2 45 

0 0429 

2 2 

l '25 

4 20 

a 0626 

1 0 

•23 

3 30 

0 0754 

1 0 

235 

4 to 

0 0542 

0 5 

233 

3 05 

0 0559 

I 6 

343 

2 75 

0 0417 

O 7 

332 

3 35 

0 0599 

I 4 

221 

2 90 

0 1010 

0 S 

1T0 

1 55 

0 1010 

"5 0 

43 • 

3 35 

0 0549 

I O 

321 

1 50 

0 0364 

2 O 

53 ° 

3 10 

0 0452 

I O 

210 

3 70 

0 136 

0 7 

521 

3 10 

0 0482 

1 0 

411 

3 6° 

0 070 

10 0 

211 

• 35 

0 0512 

15 0 

312 

1 20 

0 0300 

2 O 

512 

2 80 

0 0447 

• 5 

201 

3 05 

0 1175 

I 8 


Calculations from the Laue Photographs.—The ^symmetry of cesium 
dichloro-iodide is that of the point group Dj. 1 The spectrum measure¬ 
ments indicate that the fundamental lattice is T f *. There are 2 groups 
of Dj which have T rh as the lattice, D34 and DjV The fact that planes 
having two odd and one even indices are effective in the first order shows 
that the cell must be body-centered. The simplest body-centered cell 
which possesses the new face diagonal axes contains one molecule. The 
1 A. Schonflies, loc. cit., pp. 95, 475. 
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arrangement of the atoms within a unit rhombo- 
hedron containing one molecule of cesium di- 
chloro-iodide is shown in Fig. 5, the cesium atom 
being placed at the origin, the iodine atom in the 
center and the 2 chlorine atoms along the diag¬ 
onal joining them. This arrangement may be 
considered as a special case of The Co- 
Ordinates of these points will be: Cs (o, o, o); I 
(a/2, a/2, a/2); Cl (a/a, a/a, a/a); (—a/o, 

—a/a, —a/a); where a/a is some fractional part 
of a, the length of a side of the rhombohedron. 

Assuming this arrangement for the atoms in the unit of structure for 
cesium dichloro-iodide, the intensity of reflection of the X-rays from 
any plane can be considered as proportional to the sum of the squares 
of 2 terms: 

A 1 + B* 00 Intensity. 

A = Cs cos 2m(kx +• ky + Iz) + I cos 2m(hxi + ky t + lz/) + 

Cl cos 2im(kxi + kyi + Izi) + Cl cos 2m{hx l + ky, -f- le j). 

B = Cs sin 2rn(hx + ky + Is) + I sin 2m(hxi + fey, -(- lz,) +• 

Cl sin 2vn(hx, kyi + ht) + Cl sin it n(hx» + kyi lit), 
where n is the order of the reflection, hkl are the Miller indices of the re¬ 
flecting plane, x n y n z. are the coordinates of the various atoms in the unit, 
and Cs, I and Cl represent the atomic numbers (or atomic weights) of 
these elements. 

Introducing the values for x n y n z n , these become 

A “ Cs cos 2int(o) + I cos rn(h + k + f) + 2CI cos 2mia/a(h -f k + 1 ), 

B =■ Cs sin 2xn(o) + I sin rn(h k + l) + o; 
and these immediately reduce to 

A » Cs ■* I + 2CI cos 2rna/a{h -f k + /), 

B *= o. 

Two general cases arise when n = 1: 

(1) When (h + k + l) is odd. 

A » Cs — I + 2CI cos 2ra/a(h + k + T). 

Because cesium and iodine would be expected to have about the same 
diffracting power, the chlorine atoms should be very effective. This 
will be the case with points having either all odd or 2 even and one odd 
indices. 

(2) When (h + k + f) is even. 

A ■* Cs + I -f- 2CI cos 2Ta/a(h -f- k + l). 

Points having 2 odd and one even indices fall in this class. 

If n ■=> 2 the effects of the cesium and iodine atoms will always add to¬ 
gether. 
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Fig. 5. 
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„ fG Determine the Position of Chlorine.—A few points will be found 
in the first order which do not have 2 odd and one even indices. These 
ppints fall into 3 groups according to the value ai(h-\-k + l)- 

(h-\-k+l) = I- 322, 120, In, 3>3 - 221 - 
= 3. 04I, 13T. 

= 5. 342, 261, 160, 353, 252, 151, 140. 

They should be especially effective for the placing of chlorine because it ts 
to be expected that cesrum and iodine will practically neutralize one an¬ 
other. 

If various values are assigned to a/a in the preceding equations, there 
will be changes m A (the amplitude of the reflected beam) which can be 
represented by the series of curves of Fig. b. In preparing these curves 

the constant value of Cs — I 
has been neglected. The system 
of curves is thus symmetrical 
about its center point and con¬ 
sequently information derived 
from these curves will not be 
sufficient to settle between 2 
possible positions of the chlorine 
atoms. In one of these positions 
the chlorine atoms will lie closer 
to the iodine atom than to the 
cesium atom; in the other this 
condition will be reversed It 
will be assumed for the purposes 
of calculation that the chlorine atoms lie closer to the iodine atom than 
to the cesium atom. If this is the case the curves show that the chlorine 
atoms must lie between a/a = 03 and a/a =04 and between a/a — 
0.6 and a/a = 07. 

In one photograph the 2 points 051 and 134, having approximately 
the same spacing, are produced by X-rays of the same length. Of these 
2 spots 051 is much more intense. Consequently planes for which (h 4 - 
k + 1 ) - 4 give larger effects than planes having (h ■+■ k -(- l) = 2. A 
consideration of spots due to 233 and 233 and pf spots due to 631 and 
415 leads to the same conclusion. This means that a/a must have a 
value about o 3 rather than near to 0.4. 

It is difficult to find points having approximately the same values for 
the spacing and different values of (h + k -f l) produced by X-rays of 
the same wave length. In order to place the chlorine atoms more ac¬ 
curately it is necessary to make use of the assumption, generally assumed 
to be correct, that the amplitude of the reflected X-ray wave is inversely 
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proportional to the spacing of the reflecting plane Accepting this as¬ 
sumption a reduction of the form 

spacing X (Cs =*= I + 2CI cos 21 na/a(h + k + l)) 
can be used in comparing the amplitudes of the beams reflected from 
planes of different spacings 

Results from the first unsymmetrieal photograph show that the in¬ 
tensity of reflection of X rays of the same wave length by different planes 
is as follows- 
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Results from the second unsymmetrieal photograph confirm those from 
the first. If the relative amplitudes of the X-rays are determined by 
substituting various values for a/a around o 3 (the approximately de- 
lermied position of chlorine) it is found that the observed intensity rela¬ 
tions can be obtained only when a/a has a value from about o 312 to 
about O 317. 

The following points are due to X-rays of the same wave length. The 
order of intensity is the order of writing 
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The very favorable conditions for planes having (h -f- k + 0 “ to 
indicate that the chlorine atoms must lie near to 0.312 rather than to 
0.317. 

It is thus seen that the chlorine atoms must lie close to 0.31 of the 
length of the diagonal of the unit rhombohedron on either side of the 
cesium atom. This, of course, is on the assumption that the chlorine 
atoms lie nearer to the iodine atom. Since cesium and iodine have atomic 
weights so nearly equal (133 and 127), they must reflect X-rays to nearly 
the same extent if the generally accepted law of proportionality between 
reflecting power and atomic number is true. It then will be a very* diffi- 



RAU?H W. G. WYCKOt#. 

<adt matter to determine ■whether the chlorine atoms really tie nearer tri 
the cesium or to the iodine atom. 

When the arrangement of atoms in the unit of structure of cesium di¬ 
chloro-iodide which we have obtained above is used for calculating the 
amplitudes of the X-rays reflected by various planes, there is a qualita¬ 
tive agreement with the observed intensities of the spots. Certain difficul¬ 
ties are met, however, if it is attempted to make this agreement quantita¬ 
tive. These attempts require the use of those assumptions, generally 
supposed true, which give the relation between intensity of reflection and 
spacing of like planes 1 and intensity of reflection and mass of the atom. 1 

The qualitative agreement is, however, so uniformly good that there can 
be little doubt as to the truth of the determination given here. The fact 
that this agreement is not quantitative points to the necessity, so many 
times urged before, for a careful and accurate investigation of the funda¬ 
mental relations connecting reflection and spacing and reflection and 
Weight of the reflecting atom. 

This structure for cesium dichloro-iodide may be considered as closely 
analogous to that of sodium chloride and the other alkali halides. From 
this point of view the group (IClj) may be thought of as replacing the 
halogen of the simple compound. As a result of this substitution the unit 
cube is deformed into a rhombohedron by extention along the body 
diagonal. 

The author wishes to express his thanks to Professor I,. M. Dennis, 
who suggested this investigation, and to the Department of Physics for 
the use of the necessary apparatus. Most especially he is under great 
Obligation to Dr. S. Nishikawa, whose untiring advice and aid has made 
this determination possible 

Summary. 

The crystal structure of cesium dichloro-iodide (rhombohedral) has been 
determined. The body-centered unit rhombohedron contains one mole¬ 
cule. The cesium 3tom is placed either at the center or the corner of this 
unit and the iodine atom either at the corner or the center. Two chlorine 
atoms lie on the long diagonal of the rhombohedron very close to 0.31 
of its length from the corners. Because of the supposedly very nearly 
^qual scattering powers of cesium and iodine, it is impossible at present 
to decide which of these 2 possibilities is correct. 
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1. Purpose and Outline of Investigation. 

The following investigation, which includes measurements of the elec¬ 
tromotive forces of cells containing solutions of lithium chloride follows, 
in general outline, the research by Maclnnes and Parker 1 on solutions of 
potassium chloride. Both investigations involve measurements on cells 
with and without liquid junctions, from which it will be recalled that the 
activities of the ions and the transference numbers of the salt may be 
computed. 

Lithium chloride was chosen for this research since lithium is the light¬ 
est of the alkali metals, and its salts probably indicate one extreme of 
behavior in their physical properties. Further, the transference num¬ 
bers of lithium chloride change rapidly with the concentration, a phe¬ 
nomenon which, it seemed to us, needed further investigation, since it 
has an important bearing on the theory of strong electrolytes. 

As the properties of lithium chloride and of metallic lithium differ 
greatly from those of potassium chloride and metallic potassium, quite 
different procedures from those adopted by Maclnnes and Parker were 
necessary in certain parts of the work. Improvements in manipulation 
have also been developed during the course of both investigations. For 
these reasons the procedure finally adopted will be described below in 
some detail. Pearce and Mortimer 1 have carried out a research on 
litliium chloride solutions similar to the one to be described. Their re¬ 
sults, however, lead to very different conclusions from those arrived at in 
this investigation. Further reference will be made to their work in a 
later section. 

Our investigation included measurements, at 25 of cells, without liquid 
junction of the form 

Ag, AgCl + LiCl (CO, Li(Hg),-Li(Hg)„ LiCl (C.) + AgCl, Ag (A) 
and cells with liquid junction 

Ag, AgCl + LiCl (Ci), LiCl (C s ) 4 - AgCl, Ag (B) 

in which the concentrations, Ci and Cj, varied between 3.0 and 0.001 
onolal. 

The work has been carried out with the aid of a grant made to Prof. 
A. A. Noyes by the Carnegie Institution of Washington, for which we wish 
to express our gratitude. 

1 This Journal, 37 .1445 (i 9 is). 

* Ibid ; 49. 509 (1918). 
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la the earlier paper 1 it was shown tliat the electromotive force of a con* 
iefttration cell without liquid junction, E, can be expressed by the rela¬ 
tion: ’ 


RT , a, + Oi“ 
— In 
F a « at ~ 


(i) 


in which o + a* os+ a-T are the “acti\ itics”* of the positive and negative 
ions, respectively, at i salt concentrations. It was further shown that if 
tlie transference number, n, is a constant within the concentration range 
involved, the electromotive force of a cell with liquid junction, E„ can be 
expressed by the equation • 


E, 


nRT , m ai + a.\ + 
F as + a 8 ~ 


(2) 


«, being the transference number of the ion to which the electrodes of the 
cell are not reversible 

If, however, the transference number changes with the concentration, 
as is the case with neaily all electrolytes, E, will be an integral, between 
limits, of the equation 

dE. = ~ n d It: (aril ). (3) 


Since it, o + and a~ are functions of the concentration of the electrolyte, 
Equation 3 is a complete differential. This expression will be referred to 
again in a later section 

2. The Concentration Cells without Liquid Junctions. 

The concentration cells without liquid junctions involve (a) silver-silver 
chloride electrodes, { b) lithium amalg un electrodes, (c) air-free lithium 
chloride solutions. 

(a) Silver-silver Chloride Electrodes. - The supports for the silver- 
silver chloride electrodes consisted, as in the work of Machines and Parker, 
of pieces of fine platinum gauze (about i'4 cm. sq ) welded to platinum 
wire which, in turn, made contact with mercury through glass tubes. 
The gauze was given a thick coating of silver from a solution of potas¬ 
sium silver cyanide, using 3 milfiamperex, per electrode, for 24 hours. 
After thorough washing, a coating of chloride was formed on the silver 
by electrolyzing in a lithium chloride solution with a current of 5 to 7 
nulliamperes per electrode for 20 minutes. A variation from the former 
procedure was the formation of this chloride in lithium chloride solutions 
of the same concentration as those in which the electrodes were to be 
used, This avoided possible inclusions in the chloride of small amounts 
of electrolyte of unknown concentration, and resulted in much more 
‘ Machine? and Parker, he at 

, 8 Lewis, JPrac. dm Acad ,43, 159(1907) A discussion of the concept of "activity” 

given m a recent paper by Noyes and Machines, This Jotauut,, 4*, a i9 (1920). 
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constant and reproducible. electrodes. We fee! that our success with 
these electrodes is, to a large extent, due to this method of preparation. 
The electrodes for 0.001 and 0.003 W solutions were, however, formed la 
o.ot N lithium chloride, since, at these low concentrations, it was diffi¬ 
cult to get enough current through the solutions and the electrolysis pro¬ 
duced silver chloride in a non-adherent form. 1 A small rubber stopper on 
each glass stem, as is shown in Fig. 3, aided greatly in the handling of 
these electrodes, as they frequently became damaged while being pushed 
through the holes in the large rubber stoppers used in the earlier work. 
The electrodes used were usually within 0.03 mv. of the same potential. 
In the more dilute solutions, however, the differences occasionally reaches 
0.05 mv. When two electrodes, formed in different solutions, were 
put into the same solution they rapidly assumed the same potential 
within o.i or 0.2 mv., indicating that the same modification of silver 
chloride was present 011 all the electrodes. 

(b) Lithium Amalgam Electrodes.—The lithium amalgam electrodes 
(H in Fig. 2) differ from those used by Maclnnes and Parker in having 
the amalgam flow in a thin stream from fine capillaries instead of over¬ 
flowing as large drops from a cup-shaped tip. In this investigation, con¬ 
stant potentials were not obtained with the latter design. The lithium 
amalgam apparently reacts more rapidly with water than potassium 
amalgam does under the same conditions, as is, possibly, to be expected 
from the higher potential of the former metal. 

In the preparation of lithium amalgam, a number of attempts were made 
to remove the surface layer of oxide from the lithium by running the molten 
metal through glass capillary tubing. The glass walls of the tubing were, 
however, rapidly disintegrated by the metal. The amalgam 
was, therefore, made in the vessel A as represented in Fig. 1. j 
Pellets of metallic lithium were inserted through tube B, which 
was then connected to a mercury still. After distilling the 
desired amount of mercury, the tube was sealed off. Since a 
coating of oxide covered the lithium, solution did not take 
place until the mercury was heated. -After complete amal¬ 
gamation the apparatus was inverted as shown and allowed to 
stand for a week to permit the lithium oxide to separate and 
rise to the top. The amalgam could then be drawn out through 
the capillary tube and stopcock C and D. The amalgam was 
then transferred to another flask, of similar construction, which 
further separated the oxide. The amalgam electrode vessel was filled by 
connecting the 2 vessels by means of a T-tube, one arm of which was 
joined to a vacuum pump. 

1 An interesting explanation of the phenomenon is given by Reedy, Am. J. Sci., 

4 *» 
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(c) Air-free Lithium Chloride Solutions.—The work on potassium 
chloride solutions showed definitely that air must be completely excluded 
from the solutions that come in contact with the amalgam electrodes 
since oxygen reacts instantly with the amalgam, reducing its alkali metal 
content and increasing the ion concentration of the surrounding electro¬ 
lyte, both of which have the same result, t. e., to reduce the potential at 
the electrode. Since solid lithium chloride is very hygroscopic, the solu¬ 
tions could not be made up by adding weighed amounts of the salt to 
water, in an inert atmosphere, as in the work with potassium chloride. 
The procedure with lithium chloride adopted was to make up a strong 
solution of the salt and determine its concentration, by weight, by pre¬ 
cipitating the chloride with silver nitrate. A round-bottomed flask (F 
of Fig. 2) was weighed with its stopper and connecting tubes, a quantity 
of the strong solution added, and the flask weighed again. The solution 
was then vigorously boiled for some time under reduced pressure to re¬ 
move the dissolved air. In the meantime, water was collected hot with 
a rapid evolution of steam in a resistance glass container, from the still 
for conductivity water, and boiled in a partial vacuum. The free space 
in the container was then filled with nitrogen. Using a pressure of this 
gas the air-free water was run through glass tubing into the round-bot¬ 
tomed flask F, until nearly the right dilution was attained, special pro¬ 
vision being made to keep air out of all connections. The flask F, was 
again weighed, and water added in successive small amounts, out of con¬ 
tact of air, until the required concentration (within 0.3%) was obtained. 
Our belief that air was completely excluded from the solutions is borne 
out by the reproducibility of the measurements of the cells without liquid 
junctions. 



Fig. a. 
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The complete cell without liquid junction is shown in Fig. 2, which is 
nearly self explanatory. The grids of glass tubing G, served to bring 
the flowing solutions to the exact temperature of the thermostat, and 
gave a useful flexibility in making connections with the flasks F. The 
rejected solutions and amalgam flowed through the air spaces K into 
tubes leading through the bottom of tlie thermostat. The silver-silver 
chloride electrodes were placed in the vessels A separated by a bent 
tube from the flowing solution. 

3. The Concentration Cells with Liquid Junction.—Our greatest 
improvement in manipulation, since the work with KC 1 solutions, was, 
possibly, made in the concentration cells with liquid junctions. A com¬ 
plete cell is shown in section of Fig. 3. In filling the cell the more concen¬ 
trated solution was placed in n P,. 

Vessel A, the Ag-AgCl elec- M j- 

trades were placed in the side u n p .. 1 , -_ y2~^s n n n n 

tubes, and additional solution 1 ‘ & A A £ ( j 11 ?J l] A w w H * 

was run into Tube E until D T T T _,![][_ \ 1 1 J 1 U»UjLtJ *1 

was completely filled, when ( _ l_| IJ_V_'li_ II I I ) 

the pinchcock F was closed. * e * 

The vessel B was then filled, lg 

with the dilute solution, to the end of the tube D' The D and 
D' were then placed, as shown, into the empty cup C. The whole 
apparatus was next immersed in a thermostat and the electrodes were 
allowed to come to equilibrium, when a solution of a strength intermediate 
between those in the vessels A and B was cautiously run into cup C. 
Readings of the electromotive force of the cell were then made. The 
potentials of liquid junctions formed in the manner described were sur¬ 
prisingly constant, often showing no perceptible change in several hours 
and seldom decreasing more than o 1 mv. in 24 hours. The potential is 
independent of the concentration of the intermediate solution provided 
it is within the concentration limits of the solutions in A and B; this was 
shown in an extended investigation on potassium chloride concentration 
cells by F. F. Footitt and one of the present authors. Reversal of the 
positions of the solutions in the cell (*. e., the dilute solution in vessel A) 
leads to low and erratic results. 

The one condition necessary for the formation of a reproducible liquid 
junction between 2 differently concentrated solutions of the same elec¬ 
trolyte is the maintenance of the concentration gradient at all points be¬ 
tween the stronger and dilute solutions at values which are either nega¬ 
tive or zero; that is, the concentration must either be constant or steadily 
decrease. If this condition is fulfilled, the potential is independent of 


die distance through which the mixing of the 2 solutions takes place. In 
addition it is, of course, necessary that the solutions around the electrodes 
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/raaasda constant in composition, a condition which is difficult to attain 
itwloss mixing of the solutions due to volume changes of gas in the vessels, 
differences of specific gravity of the solutions, etc., is carefully guarded 
against Reproducible junctions involving 2 different electrolytes can¬ 
not however, be made in the manner just described. 

All the measurements were made in a thermostat kept at 25 0 =*= 0.02°. 
The potentials were determined with a Leeds and Northrup potentiom¬ 
eter which was carefully calibrated during the investigation. The 
standard cell was compared, several times during the investigation, with 
2 cells which had been recently calibrated by the Bureau of Standards. 
The thermometer used was compared with a thermometer calibrated 
by the same bureau. 

4. Materials and Methods of Purification. 

lithium Chloride.—Pure lithium carbonate was treated with pure 
hydrochloric acid and the resulting chloride was crystallized 5 times from 
conductivity water. An attempt was made to crystallize the salt from 
pyridine, but it was found difficult to remove the last traces of the solvent 
without charring and making the salt alkaline. 

Lithium.—The pure metallic lithium used in making the amalgams 
was very kindly supplied by Dr. A. W. Hull, of the General Electric Co. 

Mercury.—The mercury was covered with dil. nitric acid and agitated 
by a current of air for a week. It was then passed in a thin stream through 
a tube, about 2 meters long, filled with dil. nitric acid, after which it was 
distilled several times under reduced pressure. 

Water.—Conductivity water was prepared in the special still in this 
laboratory. 

5. The Results of the Electromotive Force Measurements. 

The potentials of the cells without liquid junction, of the form: Ag + 
AgCl, LiCl (ci), Li(Hg)„ LiCl (ci), Ag 4 - AgCl, are given in Table I. 
Each figure for the electromotive force of a cell refers to a complete as¬ 
sembling of the cell, involving freshly prepared solutions, and, in each 
duplicate determination, a different concentration of amalgam. 

The potentials of the cells with liquid junction are given in Table II, 
For each determination recorded the electrodes - were reformed, i. c-, 
plated with silver and coated with silver chloride. As shown in Fig. 2, 
there were 4 electrodes in each solution. The potential given is the aver¬ 
age of readings of every possible combination of one electrode in each 
half cell, or 16 readings in all. The third column of the table gives the 
average deviation of these readings. Since these results demonstrated 
the reproducibility of the electrodes, only one electrode in each solution 
was used in the cells without liquid junction. 
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Table I. 


Electromotive Forces of Cells without Liquid Junction. 


Cone. UCl Solus 

Molt per 1000 %. water. 

c,. c.. 

Coec of Lithium 
Amalgam (Approx ). 

%. 

E m. f. 

Millivolts 

J.o 

0 3 

O.OOI 

141.71 



0 005 

14 I 69 

I .O 

O I 

0.015 

n6 52 



0 005 

116.48 

0 3 

O I 

0 001 

53 73 



0 005 

53.67 

O 3 

O 03 

0 005 

hi .18 



O 002 

in 16 

O 1 

O.OI 

O OI 

uo.57 



0.002 

no.55 



O 005 

"0.53 

0 03 

0 003 

0.005 

112.80 



O 015 

112.70 

0 01 

0 001 

0 001 

114 0 



0,001 

113.8 



Table II. 


Electromotive Forces of Cells with Liquid Junctions. 

Cone TJCl Solns 

Mols per 1000 g Water. 

Ci. C*. 

E m f ot cell? 
Millivolts. 

Average 

deviation 

3 0 

O 3 

39 574 

*0.007 



39 577 

0.012 

1 O 

0 1 

35 435 

O 025 



35 421 

0.019 

0-3 

O.I 

16.401 

O 021 



16 420 
t6.420* 

O.Ol6 

0.3 

0.03 

35 210 

O 020 



35 211 

0.014 

0.1 

0 OI 

35.885 

O 015 



35 893 

O 021 

0 Q 3 

0 003 

37 595 

0 otg 



37 615 

0.021 

0 01 

0 00! 

39 074 

0 012 



39 039 

0.021 


• Determined with a “flowing” junction by Mr. Y. L. Yeh of this laboratory. 

6. Discussion of Results. 

(a) Activities and Activity Coefficients.—Equation i can be put in 
the form 
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E ~ 2 M In - 

F as 

in which ai and a j are the (geometrical) mean values of the activities of 
the two ions at the concentrations C t and C s . From this equation the ac¬ 
tivity ratios for any pair of concentration ratios can he obtained. To 
obtain the activities at the various concentrations at which measurements 
were made, the activity was assumed to be equal to the concentration 
multiplied by the conductivity raticf A/A 0 at the lowest concentration 
(o.ooi N). A plot of the potentials of the cell without liquid junction 
showed, however, that the value assigned in Table I to the cell containing 
o.oi and o.ooi N solutions is about 0.5 millivolt too low, a result which 
would occur from a trace of oxygen in solution, or a very slight reaction of 
the amalgam with water. To either of these the potentials at the amalgam 
electrode in the 0.001 N solution would be very sensitive. From the 
plot just mentioned a potential of 114.43 mv. was interpolated for the 
o.oi-o.oqi AT cell. By the obvious methods of computation the ac¬ 
tivity values in Col. 2 of Table III were obtained. The activity coeffi¬ 
cients in Col. 3 are, of course, the activities divided by the corresponding 
concentrations. The table also includes in Col. 4 the "degrees of disso¬ 
ciation,” A/A 0 computed from the conductance data of Kohlraush and 
Maltby. 1 As pointed out in a recent paper,’ no relation between ac¬ 
tivity coefficients and “degrees of dissociation” has so far been discovered, 
the former, in the cases of lithium chloride, hydrochloric acid and potas¬ 
sium hydroxide solutions, being at low concentrations smaller, and at high 
concentrations larger, than the latter. Multiplication of the “degrees 
of dissociation” by the viscosity ratio (t. e,, the viscosity of the solution 
divided by the viscosity of water) increases the difference between the 
activity coefficient and the “degree of dissociation" up to about 0.5 N. 
Above this point the viscosity correction is in a direction that decreases 
the discrepancy between the 2 series of numbers, but is entirely inade¬ 
quate. 

Table III. 


Concent rations 
of Li Cl. 

Activity, 

Activity 

coefficient 

Conductance ratio"* 
"degxpe ol 
diftaociatton " 

O oot 

O 000976 

<0 976) 

(0 976) 

0 005 

0 00283 

0 945 

. 0 962 

0 01 

O OO905 

0 905 

0.932 

O 03 

0 0254 

0 84B 

0 899 

0.1 

0.0779 

0 779 

0.834 

0 3 

0 221 

0.738 

0-759 

1.0 

0 752 

0 7J2 

0.641 

3.0 

3 491 

1.164 

0 458 


1 "Lritverm&fcen der Electrolyte.” 

* Noyes and Maclnnes, This Journal, 4a, 239 (1920). 
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(b) The Transference Numbers. —If the potential of a cell with liquid 
junction is divided by that of a cell without liquid junction, both cells 
containing the same pair of solutions, of concentrations Cj and Ct, the 
transference number (of the ion to which the electrodes of the cell with 
liquid junction is not reversible) is obtained, provided that the number 
is a constant within the given concentration limits. This is evident 
from Equations 1 and 2. If, however, the transference number is a varia¬ 
ble, the division indicated above gives a figure whose value lies between 
the transference numbers at Ci and C 2 . A method by which the trans¬ 
ference numbers may be obtained, at any concentration within the con¬ 
centration limits studied, is outlined below. 

According to Equation 3 the electromotive force of a cell with liquid 
junction is an integral of 

O'T 

cLE, => 2 N -=- d In a (3 a) 

r 

in which a is the geometrical mean of the activities of the ions. The 
corresponding equation for the cell without liquid junction is: 

dE = 2 Ain a 
F 

Now, if the electromotive forces of cells of the latter type are plotted as 
ordinates and the logarithms of the corresponding mean activities as 
abscissas, a straight line, 
with a slope equal to 
2 RT/F is necessarily ob¬ 
tained (line A in Fig. 4). 

The corresponding line for 
the cells with liquid junc¬ 
tion is the curve B. In 
plotting this curve, the 
electromotive force for a 
cell containing lithium 
chloride at concentrations 
0.01 and 0.1 is added to 
the potential for concen¬ 
trations 0.001 and 0.01 

N, etc. The ordinates for 

O. 03 and 0.003 N are ob¬ 
tained by subtracting the 
appropriate potentials 
from Table II from the 
ordinate for 0.3 N. It is 
curve, even on a large scale plot The slope of this curve, as can be 



Pis. 4- 

interesting to note that the result is a smooth 
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IfeWrosa Equation 3, is nRT/F, and the transference number at any ac¬ 
tivity, and thus at any concentration, is the ratio of the slopes at the 
lines A and B at the corresponding points. To obtain the slope of Hae 
B the following empirical equation, 

Ei ~ —43 • 865 -f 45.363 (log A) —1 .4902 (log Ay, (5) 
in which E is the summed up electromotive force and A the activity 
(X 10 4 ), was computed by means of the method of least squares. This 
expression was then differentiated with respect to log A and its constants 
divided through by the (constant) slope of line A (0.011830], with the 
following result: 

» = 0-3834—0.02529 log A (6) 

In Fig. 5 transference numbers computed from Equation 6 are plotted 
as ordinates and logarithms of the corresponding concentrations as ab- 
cissas. Jahn and Goldhaber’s 1 values at 18°, Washburn’s* deter¬ 
mination at 25 0 , and two measurements by Bein’ at 22.5“and 25°, 

are also included. 
The trend of the 
previous determina¬ 
tions with the con¬ 
centrations is defin¬ 
itely that of the fig¬ 
ures obtained from 
our measurements 
Since our curve 
passes through John's 
values, and Bein’s 
and Washburn’s 
values are on opposite 
sides of the curve, it 
seems probable that 
there is little or no 
change of the trans¬ 
ference numbers be¬ 
tween 18 0 and 25°. 
“•* ‘- 0 ‘ 5 40 « m Ti The fact that this 

J 000 ’ treatment of the re- 

Fig s 

suits yields transfer¬ 
ence numbers at definite concentrations removes one objection to the 
method which is, in our opinion, the most accurate method of obtain¬ 
ing these important constants in the cases where its application is possi- 

1 Z. physik, Chm., 37, 673 (1901). 

. a88 (l908): *** solutloa contained 0.1 mol mfitowe. 

* *• Chem., »7,1 ( 1 g 9 g). 
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ble. Transference numbers at round concentrations are given in Table 
IV and compared with the "best values” as given in Noyes and Falk’s 
compilation 1 of all of the more recently determined data. 

Table IV. 

Transference Numbers of Ijthium Ion in Lithium Chloride. 

"Best value" 


Cone. 

17 m f. method 

Hittorf method 

0.001 

0 359 


0 005 

0 34 ' 


0 01 

0 334 

O 33 ^ 

0 02 

0 327 

0 328 

0 05 

0 318 

0 320 

0.10 

0 311 

0 313 

O JO 

<> 3«4 

0 301 

0,30 

0 299 

0 299 

0 50 

0 293 


1.0 

0 2S6 


2 0 

0 276 


3 0 

0 268 



7. Discussion of Previous Work. 

As has been slated, Pearce and Mortimer 1 have carried out an investiga¬ 
tion covering much the same field as the research described in this paper, 
including measurement with cells containing several other solvents 
than water. Their results and conclusions, however, differ widely from 
ours. For instance, the value they record for the 1.o — 0.1 N concen¬ 
tration cell without liquid junction is 2 mv. lower than that given in 
Table I. This difference increases progressively with dilution until it 
reaches about 12 mv. for the 0.05 — 0.005 N cell. Though the authors 
State that “greatest care was taken to secure the least possible contact 
with air,” it is evident that oxygen was not sufficiently excluded from 
their solutions. As would be expected, the effect of this dissolved oxygen 
on the potential increases with decreasing concentration. The work 
on potassium chloride cells 1 showed that constant, though erroneous, 
potentials can be obtained from oxygen bearing solutions. Their values 
also indicate a decrease of activity coefficients with increasing dilution 
(below 0.1 N). This is shown by no other electrolyte, and freezing- 
point measurements give evidence, independent of that outlined in this 
article, that it is not the case for lithium chloride solutions. The poten¬ 
tials of their cells with liquid junction, being uninfluenced by the presence 
of oxygen, show somewhat closer concordance with the figures given in 
Table II. 

The transference numbers computed from Pearce and Mortimer’s 

1 This Jocxhal, 33,1436 (1911). 

* Ibid., 40, 509 (1918). 

* Machines and Parker, loc. cit. 
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)dM» agree roughly with tie early data of Kuschel, 1 as quoted in a com¬ 
pilation by Kohlrausch and Holbom,* Their results, however, vary 
teldely from the later and far more accurate transference measurements 
by Jahn, Bein and Washburn.* 

Recently, Allmand and Polack* have published the results of measure¬ 
ments on cells of the type: Hg, HgCl + NaCl, Na(Hg),. Their work 
can only be regarded as preliminary, especially for the more dilute solu¬ 
tions, since no attempt was made to keep oxygen out of their solutions. 

8 . Summary, 

The electromotive forces of cells without liquid junction 

Ag AgCl -f- LiCl (c), hi (Hg),, LiCl (ft) + AgCl, Ag, 
in which the concentrations Ci and C t varied between 3.0 and 0.001 N 
have been measured at 25 °, and the activities of the ions of the salt have 
been computed. With the aid of measurements on cells with liquid 
junction 

Ag AgCl + LiCl (ft), LiCl (ft) + AgCl, Ag, 
the transference numbers of the 20ns have been obtained. Since these 
numbers, for lithium chloride, change rapidly with the concentration, a 
method has been devised by which the numbers can be computed from 
the electromotive force measurements and expressed as a function of the 
ion activity. The value of the transference number at any given concen¬ 
tration, within the range studied, can thus be obtained. 

Cambhidok, Maas. 


[Contributions from the Research Laboratory of Physical Chemistry, 
Massachusetts Institute op Technology, No 126 ] 


THE ACTIVITY COEFFICIENT OF NORMAL POTASSIUM CHLOR¬ 
IDE SOLUTION AND THE POTENTIAL OF THE 
NORMAL CALOMEL ELECTRODE. 

fly James A. Beattie. 

Received March 12, 1920 


Since the normal hydrogen electrode and the normal calomel electrode 
are both used as standards in electromotive force calculations, it is de¬ 
sirable to know accurately the potential difference between them. The 
electromotive force of the system 

Hg, Hg a Clj + KC 1 (c) ii H+ (x N), H* (i atm.) (i) 

is given by the equation 


1 Wied. Ann, 13, 289 (r88i). Kuscbcl used diaphragms of gold beaters akin 
*0 his results were probably seriously influenced by electroeudosmosis. 

* ‘'Leitvermfigen der Electrolyte.” The determinations were not made by Kohl- 
r*usch and Hoi born, as stated by Phelps and Mortimer. 

* Loc, tit., see p. 1126. 

* J. Chem. Soc., 115, 1020 (1919). 
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B = E + y log CO- (2) 

where ■£ is the specific electrode potential of the calomel electrode, i. e., 
its potential when the activity of the chloride ion is unity, and ca is the 
activity of that ion in a c normal solution. It will be noted that the poten¬ 
tial of the hydrogen electrode is assumed to be zero. If the activity of 
the chloride ion in a one normal potassium chloride solution is used in 
Equation 2, the value of E calculated is the potential of the normal calo¬ 
mel electrode in terms of the normal hydrogen electrode. 

From their own measurements Noyes and Ellis 1 calculate E, the specific 
electrode potential of the calomel electrode, to be —o 2700 volt at 25 0 . 
Using a value of the chloride ion activity in N potassium chloride extra¬ 
polated from Maclnnes and Parker’s 2 results (which extend only to 0.5 
molal), they find —0.2824 volt as the value for the potential difference 
between the normal calomel and normal hydrogen electrodes. Lewis, 
Brighton and Sebastian, 2 by a different method, arrive at —o 2828 volt 
for this potential, but their "normal electrode” includes the liquid junc¬ 
tion potential between o 1 and 1.0 N potassium chloride solutions. The 
effect of this junction will be considered later. 

Since the ^apparatus measuring the potentials of concentration cells 
without liquid junction, described in the article immediately preceding 
this, was in operation, I undertook, at the suggestion of Dr. A. A. Noyes, 
the direct determination of the activity ratio between 1.0 and o. i molal 4 
potassium (Siloride solutions, to provide the necessary data for the cal¬ 
culation of the ion activity of a N potassium chloride solution. 

The procedure was the same as that in the preceding article except that 
the solutions and amalgam were made up by the methods described by 
Maclnnes and Parker. 

Tabl8 I 

The E M F of KC 1 Concentration Cells, without Transference, at 25'. 

Ag, AgCl + KC 1 , K(Hg). - K(Hg),KC! + AgCl, Ag 

E M F 

10m 0 004 01 m —o 10650 

10m o 004 01m —o 10660 

Using the equation E — log — 1 and substituting —0.10655 for 

r c«as 

E gives o. 7956 for the activity ratio of 1. o to o. 1 molal potassium chloride. 
This value, together with those of Maclnnes and Parker, and Harried 6 
1 This Journal, 39. 2532 (1917)- 
x IUi., 37, 1443 (1915)- 
* Ibid., 39, 2258 (1917). 

4 In this article "normal" will be used to denote a solution containing one equivalent 
of solute in 1000 t-c. of solution at the temperature under consideration, and "molal’’ 
to denote a solution consisting of one mol of solute in 1000 grams of water. 

4 Tare Journal, 38,1986 (1916). 
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Were used to obtain the table of activities for potassium chloride given 
in an article by Noyes and Maclnnes. 1 It must be remembered that It 
is the activity of the chloride ion that must be used in Equation 2. * How¬ 
ever, I will assume, following Maclnnes, 5 that the activities of the 2 
ions of potassium chloride are the same. 

From the density of a 1 N potassium chloride solution, which is given 
as 1.0428 in “Landolt-Bomstein Tabellen,” its molal concentration 
is found to be 1.0328, and the corresponding activity obtained from a 
plot of the values given by Noyes and Maclnnes (against logarithms of 
concentration) is 0.592. . 

The potential of the normal calomel electrode then becomes, by Equa¬ 
tion 2, 

E = —0.2700 + 0.5915 log o 592 X 1.032S, 

or —0.2826 volt. This, of course, assumes the correctness of Noyes 
and Ellis’ value for the specific electrode potential. 

The calculation of the liquid junction potential of o. 1 to 1.0 N potas¬ 
sium chloride can be made by the formula of Maclnnes, 5 E t = E t 
(1 — 1/271), where E t is the liquid junction potential, E, the electromotive 
force of tlie Corresponding concentration cell with transference and « the 
cation transference number. Lewis and Sebastian , 4 and Harned 5 have 
both measured E t for o. 1 to 1.0 N potassium chloride solutions; the 
former give 0.5290, and the latter o 5287. Using the value 0.5290 and 
the transference number o. 496, from Table II below, the liquid junction 
potential is found to be +0.0004 volt which added to Lewis, Sebastian 
and Brighton's value (—0.2828) gives —0.2824 for the potential difference 
between the normal hydrogen and normal calomel electrodes. 

The transference number of the potassium ion in a r.o to 0.1 molal 
potassium chloride solution is the ratio of the e. m. f. of the cell with 
liquid junction (—0.5290) to that without liquid junction (—0.10655) 
which equals 0.496. It can be shown that this is the transference num¬ 
ber in a 0.3162 molal solution, i. e., the geometrical mean of 1.0 and o. 1 . 
Table II gives a r&ume of the transference numbers of tire potassium 
ion in potassium chloride solutions obtained from this work and that of 
Maclnnes and Parker. 

Since the transference number is practically constant over the entire 
range of concentration, it is not necessary to use the method of computa¬ 
tion given in the previous article. 

’ This Journal, 41, 239 (1910V 

* Ibid., 41, 1086 (1919). 

' Ibid., 37, 2301 (1915) 

4 Ibid., 39,2245 (1917). 

* Loc, cii. 



THE VAPOR PRESSURE OF NITROGEN PENTOXtPS, 


U31 


TaBLB IF. 

The Transference Number of Potassium Ion in Potassium Chloride Solutions at 25°. 


Concentration 

Mean 

Transference 

range. 

concentration. 

number 

1,0 -0 1 

O 3162 

O 496 

0.5 -0.05 

0 1581 

O 498 

0 1 -0 01 

0 03162 

O 496 

0 05 -n 005 

0 01581 

O 494 


Summary. 



The work of Maelnnes and Parker on the activity values and trans¬ 
ference numbers of potassium chloride solutions is extended to one molal 
concentration. 


The potential of the normal calomel electrode is calculated to be —o. 2826 
volt, agreeing quite well with I^ewis, Sebastian and Brighton’s value 
(—0.2824 volt), when corrected for the liquid junction potential between 
o. t and 1,0 N potassium chloride solutions. 

Cambridge, Mass 


[Contribution from the Fixed Nitrogen Research Laboratory ) 

PRESSURE MEASUREMENTS OF CORROSIVE GASES. THE 
VAPOR PRESSURE OF NITROGEN PENTOXIDE.' 

By Farrington Daniels and Arthur C. Bright 

Received March 20, 1920. 

Pressure measurements of the liigher oxides of nitrogen and nitric 
acid are difficult because these substances attack materials on which the 
chemist usually relies, including rubber tubing, mercury and stopcock 
grease. Since such measurements are necessary for the proper study of 
nitrogen fixation processes, an apparatus made entirely of glass has been 
devised which is capable of measuring gas pressures conveniently and 
accurately over a wide range of conditions. With it the vapor pressure 
of nitrogen pentoxide has been determined. Further related researches 
are also in progress. 

Description of the Apparatus. 

The vapor pressure apparatus in its final form is shown in Fig. i. Its 
unique feature consists of the glass diaphragm, movement of which makes 
or breaks an electrical circuit and permits balancing of an air pressure 
against the unknown pressure. The air pressure is read directly on a 
mercury manometer as shown. 

The method of making the glass diaphragm is shown in Fig. 2. A 
small bulb of glass, with a thin end, is blown as shown in the first illus¬ 
tration. This is flattened by plunging the end into a flame, momentarily, 
while rotating, A little practice is necessary to judge properly the ex- 
1 Published by permission of Mr George J. Roberts, special Assistant to the 
Chief of Ordnance, U. S. A. and I)r Mellow Whitney, Chief, Bureau of Soils. 
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-Vapor pressure apparatus. 


teat of the flatt ening process and to give sufficient annealing without de¬ 
stroying the shape. Previous to flattening, the whole bulb and a short 
length of the stem are carefully platinized with several applications of a 

very thin platinizing 
solution and heated to 
dull redness after each 
application. A glass 
arm, with rounded end 
platinized, is fused on 
as shown in the third 
illustration, and ad¬ 
justed so that after 
cooling it presses gently 
against the center of 
the diaphragm. After 
twisting platinum wires 
tightly around the base 
of the bulb and around 
the platinized arm, the whole is mounted in a glass shell and fused to the 
vessel which is to contain the material to be tested. The assembled ap¬ 
paratus is shown at C in Fig. i. 

The dimensions of the glass diaphragms varied somewhat but averaged 
about one cm. in diameter and between o.i and 0.2 mm. in thickness. 
All those which did not make and break electrical contact with a pressure 
difference of a millimeter of mercury or less were rejected. The most 
sensitive ones likewise were not ^ 

used in the present research 
because the chance of breakage 
was too great. No difficulty was 
encountered from this source 
if the inner compartment was 
never evacuated ■without first 
evacuating the outer one. All 
the diaphragms used withstood 
a pressure of more than an at¬ 
mosphere outward and most of 
them were capable of with¬ 
standing one atmosphere in¬ 
ward. They gave the same zero 
reading at all temperatures over a range of 75 even after withstanding 
pressure differences of an atmosphere. The diaphragms actually used were 
Sensitive to a fraction of a millimeter and accurate to a millimeter. 

The electrical circuit comprised a small portable galvanometer and a 


o 


Pbfinum^^k nysoimum 
Coaied I Coated 


Fig. 2 .—Glass diaphram. 
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low voltage cell (silver and platinum in an electrolyte) which gave proper 
deflections, or a dry cell with a high resistance in series. It was essential 
to have the voltage so low that there was no sparking between the plat¬ 
inized surfaces. Electrical connection was made through the glass shell 
by short pieces of platinum wire, welded to copper wires. It was neces¬ 
sary to prepare the platinized surfaces with great care and to keep them 
scrupulously clean. 

Several all-glass manometers are described in the literature, 1 most of 
which depend on the movement of glass indicators or spirals. It is thought 
that the one described here is to be preferred because of its simplicity 
and its freedom from optical systems. This apparatus may be used in 
high pressure bombs or in high temperature furnaces (if made of quartz) 
where the visual observation required by all other types is more diffi¬ 
cult. 

Preparation of Nitrogen Pentoxide. 

The nitrogen pentoxide was prepared by dehydration of nitric add with 
phosphorus pentoxide by the Berthelot-Weber J method and purified by 
sublimation in ozone as recommended by Russ and Pokomy. 1 Cone, 
nitric acid was distilled from an excess of sulfuric add. About 25 cc. 
of this 100% acid was placed in a glass-stoppered washing bottle with 
the inlet sealed off, and mixed with small portions of phosphorus pentoxide 
until a thick paste re¬ 
sulted. This operation 
was carried out care¬ 
fully with cooling, in 
ice and salt, to prevent 
decomposition of the 
nitrogen pentoxide from 
local heating. Distilla¬ 
tion was carried out in 
the apparatus shown in 
Fig. 3, in which the 
whole system was sub¬ 
jected to intermittent 

.. . ., Fig. 3.—Preparation of crude nitrogen pentoxide. 

evacuation, not rapid 

enough to cause excessive foaming. With the first bottle at +35° to 
+40 0 and the condensing U-tube at about — 20° it was possible in a 
couple of hours to condense out 5 to 10 g. of the crude nitrogen 
1 Ladenburg and Lehman, Verh dent, physik. Ges., 8, 20 (1906}; Johnson, Z. 
physik. Chan., 61,457 (1907), Bodenstein, Z. FJeklnxhrm., 15, 244 (1909); Preuner, Z. 
physik. Chem., 8l, 129 (1913); Gibson, Proc. Roy. Soc. (Edinburgh), 33,1 (1913)'. Bftnmi 
and Robert, Compt. rend., 168, 1199 {1919). 

' Weber, J. praht. Chan., 6, 342 (1873); Berthelot, Ann. chim. phys., 6, soa (t875). 
* Monalsh., 34, joji ( 1913 ). 







FARRINGTON DANIELS AND ARTHUR C. BRIGHT. 


pentoxide, stained yellow from its partial decomposition into nitrogen 
peroxide. 

The crude product, protected with its drying tubes of phosphorus 
pentoxide, was next purified by sublimation in a stream of ozonized air 
which had passed through an ozorizer of the Berthelot type, and con- 

densed in the vapor-pres- 
| { n n || n sure apparatus or other 
/ IdMl receiver, in the manner 

/Ol * Pi rp] mr Fn) Shown in Fig. 4. The cfe- 
—(hiu composition of nitrogen 

i = P * % [jl |Jj ^ pentoxide gas into brown 

' "K j fumes of nitrogen tetroxidc 

^ (and nitrogen peroxide) and 

^ ■ U ' oxygen was prevented by 

(LjJ an excess of ozone, and 

s - r -■ ’) pure white crystals could 

:= )) ft -bl (C - l 1 ”5$ con( iensed out under 

II () j ij jtj 1 these conditions. Before 

(/P _ _y ! (_jj[ sublimation all the brown 

/T -S ^ m j; 1 gas was swept out of the 

, -f,- - 4 |j ] apparatus with ozonized air 

^ • ~ \~J l^U 1 while the crystal tube was 

• ___ still surrounded by ice and 

>-* y salt and the receiver was 

Fix- 4.— Preparation of nitrogen pcntox.de. at room temperature. The 

receiver was then packet! in ice and salt and the crude crystals raised lo 
about 20 0 , or higher, if the stream of ozone was sufficiently concentrated 
to prevent all decomposition. 


All connections were made with ground-glass joints or with small tubes 
fitting tightly into larger ones and rendered gas-tight with de Khotinsiey 
cement. The latter was rapidly attacked, however, if appreciable areas 
were exposed It was absolutely necessary to exclude every trace of 
moisture and all leaks had to be guarded against. During the sublima¬ 
tion in ozone, in which operation the greatest care is required, the pressure 
of the system was always greater than that of the atmosphere so that 
moist air could not get iij. 


Some of the nitrogen pentoxide was lost, inasmuch as its vapor pressure 
at -21 is 7 mm., but this loss was comparatively small since the con¬ 
centration of the entering gas corresponds to its vapor pressure of 279 
mm. at -(-20°. Russ and Pokorny 1 recommend the use of solid carbon 
dioxide for the refrigerating agent and oxygen instead of air to give 
a higher concentration o£ ozone. This makes the preparation more diffi- 
1 Lac. cit. 



the vapor pressure or nitrogen pentoxide. 


”35 


cult, but it is necessary in then - method, which combines the a operations 
shown in Fig, 3 and Fig. 4 into one operation. The reason for this lies 
in the fact that the driving out of the nitrogen pentoxide from the semi- 
solid mass of nitric acid and phosphorus pentoxide, according to their 
procedure, is a very slow process, and does not permit the attainment of 
vapor-pressure equilibrium except in a very slow stream of ozone. 

Experimental Procedure. 

A serious difficulty in the way of accurate determinations of the vapor 
pressure of nitrogen pentoxide, aside from chemical action on apparatus 
ordinarily used for such work, lies in the fact that it decomposes rapidly 
in the gaseous state, giving an abnormally high, and constantly increas¬ 
ing, pressure. In the present research a simple, static method was used 
in which the rate of decomposition at each temperature was determined 
and corrected for. 

After condensing out about 5 g. of the pure nitrogen pentoxide as shown 
in Fig. 4, the capillaries were sealed off and the apparatus transferred to 
a thermostat which was constant to a few hundredths of a degree. Since 
decomposition was greatly accelerated by light the thermostat was placed 
in a photographic dark room and connected with the rest of the appara¬ 
tus shown in Fig. t, through holes in the wall. After evacuating with 
a Nelson pump through Stopcock A, Tube D, containing a short collar 
of glass, was slipped over the end of one of the capillaries and made gas- 
tight with a little de Khotinsky cement. The pump was started and the 
tip of the capillary broken off inside the rubber tubing with the help of a 
pair of forceps. A file scratch previously made facilitated the opera¬ 
tion. In this way it was possible to make many successive evacuations 
with the same crop of crystals without access of the atmosphere at any 
time. 

When the evacuation hud continued long enough the capillary was 
sealed off while the apparatus was in the thermostat. It was necessary 
to have the capillaries very small so that the volume of gas heated in the 
process of sealing them off was negligible. In making a pressure reading, 
air was admitted slowly through Stopcock A, (Fig. 1) until the electrical 
circuit was broken. The levelling bulb was lowered first by hand and 
then with the help of the micrometer screw, B, until a throw of the gal¬ 
vanometer was registered The difference in level between the 2 columns 
of mercury when electrical connections was just made was always taken 
as the manometer reading. In case the pressure to be measured was 
greater than an atmosphere it was necessary to force air under pressure 
through A. 

A typical nunieriea! example shows the method of obtaining the de¬ 
sired pressure values. 
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Manometer reading with inner compartment open to the atmosphere » 
3.7.O mm. (zero reading). 

Manometer reading when material is sealed off = 661,0 mm. 

Barometer = 748.4 mm. 

748.4 — 37.0 — 661.0 = 50.4 mm. (pressure inside the diaphragm at 
the temperature of the thermostat). 

All the readings of the barometer and manometer were reduced to zero 
centigrade. 

In any static method for determining vapor pressures it is absolutely 
essential to remove every trace of impurity, for each foreign gas registers 
its own partial pressure, and the sum of all the pressures is the quantity 
measured in the experiment. This source of error was eliminated by 
continued evacuation and evaporation of a large portion of the crystals, 
in which operation any gas other than nitrogen pentoxide was swept out. 
In the preliminary experiments there was no criterion for sufficient evacua¬ 
tion except constancy of results after repeated experiments. The time- 
pressure curves for one temperature were all parallel, but each new one 
was lower by several millimeters than the preceding curve, until the con¬ 
stant value was reached, after which further evacuation gave no change. 
It became evident that it was necessary to evaporate a large portion of the 
crystals, nearly half, before the true vapor pressure could be obtained. 
The ultimate procedure then consisted in evacuation at or near room tem¬ 
perature until all the crystals had fallen to the bottom of the apparatus, 
since the proper value was never obtained while crystals were still cling¬ 
ing to the glass walls. A necessary criterion of sufficient evacuation was 
the “rattling" of the crystals on shaking. In the final experiments, 
further evacuations rarely showed any lowering of the vapor pressure. 
After once obtaining the pure material in this way, only a short evacua¬ 
tion was needed after each experiment before starting a new one with 
the same crop of crystals. 

Results. 

An examination of the time-pressure curves shown in Fig. 5 is inter¬ 
esting. During the first minute or two after sealing off, the pressure 
rose rapidly, particularly at the higher temperatures. This rapid rise 
was due chiefly to the attainment of thermal equilibrium, for although the 
apparatus was immersed in the thermostat water,'the thermal conduction 
through the glass and the crystals was not suflicient to counterbalance the 
cooling due to the vaporization of the crystals. The slope of the first part 
of the curve has no particular significance since it depended on several 
Variables such as the ratio of the quantity of crystals to the total volume 
20 “d th® 1 geometrical arrangement, as well as on the speed of 
evacuation. The steepest slope posable was desired so that the significant 
part of the curve, the more horizontal part, due to the decomposition of 



THU VAPOR PRESSURE OF NITROGEN PENTOXSW. 


1137 


gaseous nitrogen pentoxide, would be quickly reached. The shorter this 
indefinite region the more accurate is the extrapolation to zero time. 
The extrapolated value gives the 
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true vapor pressure without de¬ 
composition. 

At the higher temperatures the 
extrapolation becomes less ac¬ 
curate for 3 reasons: first, the 
decomposition slope becomes so 
steep that it is difficult to tell 
just where it begins and where 
the slope, due to the attain¬ 
ment of thermal equilibrium, 
ends; second, the cooling effect 
from the evaporation of crystals 
is greater because of the higher 
vapor pressures, so that the ex¬ 
trapolation lias to extend over a 
longer time interval; third, the 
decomposition curve is not a 
straight line. 

At the higher temperatures 
the decomposition curve is not 
straight for the following rea¬ 
sons. The rate of decomposi¬ 
tion of gaseous nitrogen pentox¬ 
ide depends on its concentra¬ 
tion, but this is constant in the 
presence of the solid phase when 
the temperature is constant. 

Accordingly, the decomposition 
would be represented on the time-pressure diagram as straight lines, ex¬ 
cept for the fact that as the reaction 
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Fig s —Decomposition of nitrogen pentoxide 
with solid phase present 


proceeds, the partial pressure of the nitrogen tetroxide and peroxide be¬ 
comes greater, and a shifting of the equilibrium toward nitrogen tetroxide 
(smaller volume) results. The pressure increase due to the decomposi¬ 
tion of a definite number of molecules of nitrogen pentoxide becomes, 
then, continually smaller. If the experiments were carried out over a 
sufficiently long time an abrupt change would occur when the partial 
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pressure of the nitrogen tetroxide reached a sufficiently high value to give 
condensation. 

At the lower temperature the partial pressure of the nitrogen tetroxide 
and dioxide is so small even after an hour, that the change due to the 
equilibrium shift is negligible. Even at 25 0 and 30°, although a correc¬ 
tion for this effect, after an hour amounts to several millimeters, its in¬ 
fluence on the extrapolation is not sufficiently great to warrant a correc¬ 
tion for it in obtaining the vapor pressures. The rate of decomposition 
of nitrogen pentoxide will be discussed fully in a later paper. 

On the 30.o° curve a change in the slope occurs after about 45 min¬ 
utes, which is coincident with the first appearance of melting. It is not 
a true melting, but a phenomenon complicated by the dissolving of nitro¬ 
gen tetroxide in the surface of the crystals 

The 35.o° curve is of small value in estimating the vapor pressure 
because the contamination with nitrogen tetroxide and the appearance 
of melting occurs in the first few minutes. Furthermore, the decomposi¬ 
tion curve is so steep that it cannot be distinguished from the curve 
showing the attainment of thermal equilibrium. 

Extrapolation back to zero time for the true vapor pressures, is not 
entirely legitimate for in so doing it is assumed that the vapor pressure 
equilibrium is reached immediately after sealing off the capillary, whereas 
the experiments show that such is not the case. No exact mathematical 
correction can be made for this error, but it is entirely negligible at the 
lower temperatures, and even at the higher temperatures remains less 
than the other errors of extrapolation. 

Most of the curves are the average of 3 independent experiments as 
shown by the representation of points as +, O and ©. Each series of 
these marks represents a fresh evacuation, and many of them were ob¬ 
tained with different crops of crystals. Three different diaphragms were 
used in the experiments, each with different dimensions and a different 
zero point. 

The true vapor pressures (without decomposition) obtained by ex¬ 
trapolation to zero time are shown in the second column of Table I. In 
Fig. 6 , which gives the vapor pressure-temperature curve they are repre¬ 
sented by circles. They check closely with results of Russ and Pokorny,' 
shown in Col. 3, and represented by triangles on the curve. These 
investigators used a dynamic method, which was not suitable above 
8.5" on account of the decomposition of nitrogen pentoxide. 

Russ and Pokorny 1 used, for temperatures between o° and 17.5°, a 
Static method in which ozone prevented the decomposition. These re- 
sults are shown by crosses in Fig. 6. They are several millimeters higher 
than the other results. In discussing the discrepancy between their two 
1 ifmatsk,, 34, 1027 (1913)- 
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methods, Russ and Pokomy placed s o° 
reliance in the dynamic method 
and concluded that the crystals 5S o 
used in their static method were M0 
contaminated with traces of nitric 500 

560 

acid. The experience gained in the , 20 
present research supports this con- «o 
elusion and shows further that the 44n 
last traces of foreign gases can lie „, 0 
eliminated only by long evacuation 
and evaporation of a large portion 280 
of the crystals. ^ 

Using the results obtained by i,,o 
their dynamic method, Russ and 120 
Pokomy derived the following equa- “ 
tion, based on the Nernst vapor pres- 0 



sure formula, to show the relation 
between temperature and the vapor 
pressure of nitrogen pentoxide. 


r- (N ri — ~ 1 J. - - ci is "D 

IIIM 1 + 

Fig 6 —Vapor pressure of nitrogen pentoxide. 


Log P = ——— -f 1.75 log T — 0.00606 T + IO 679. 


The values calculated from this equation are shown in Col. 4 of Table 
I. For pressures below a quarter of an atmosphere it is very satisfac¬ 
tory', but it is only approximate for higher pressures. 

For a whole range of vapor pressures up to one atmosphere the follow¬ 
ing empirical equation is superior. 


hog P mm = +34 1 log T — 85 929- 

The figures given in Col. 5 of Table I are calculated from it. 

The vapor pressure reaches an atmosphere at 32 5 0 , as shown by a 
short extrapolation of the curve. The melting point lies above the sub¬ 
limation point, as stated by Russ and Pokomy. 1 Liquid nitrogen pent- 
oxide, referred to in the older literature, must have been contaminated 
with moisture from the atmosphere. The solid nitrogen pentoxide 
forms clear and perfect hexagonal prisms, growing to a length of several 
millimeters on long standing at o°. 

The heats of sublimation as calculated by the Clausius-Clapeyron 

/ T T P \ 

equation lL ~ 2 303 R — ■— log are given in Table II. Pi and 

Pi in each case represent the vapor pressure at 5 0 above and 5° below 
the temperature for which the heat of sublimation, L, is calculated. The 
1 tec. at. 
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Tabus I. —Vapor Pressure of Nitrogen Pentoxujb. 


1. 

Temp. 

0 A. 

2. 

Observed, 
Daniels & Bright. 
Static method. 

Mm. 

3, 

Observed 

Russ & Pokorny. 

Dynamic method 

Mm 

4 , 

Calculated 

Russ & Pokorny. 

Log P — —HM.2/T 
+ 1.75 log T — 

0 00606 T + 10 679, 
Mm. 

5. 

Calculated. 
Daniels & Bright. 
Log P - 1244/7 -f 
34.1 log r— 85 . 929 . 
Mm. 

243.O 


2.3 

2 3 

3-5 

246.5 


3-3 

3 4 

4.8 

252 0 


6 3 

6.5 

7.8 

258.0 

13 


12 4 

‘3 5 

262.3 


18.6 

>8.7 

19.7 

263.0 

21 


19 9 

21 O 

268.0 

32 


32 3 

32-5 

273.0 

51 

5i 5 

51 -t 

50.2 

278.0 

79 


79 7 

77-3 

281.7 


ill 2 

109.4 

106 

283.0 

118 


121 .5 

118 

283.5 


132 

126 7 

125 

288.0 

183 


183 

181 

293.0 

279 


270 

2 75 

298.0 

420 


399 

4H 

303 0 

620 


566 

622 

305-5 

760 


674 

762 

results at the lower temperatures are 

not accurate because the experi- 

mental error of one mm. is large compared with the total vapor pressure, 


At the higher temperatures, also the results are less accurate on account 
of the large error of extrapolation of the decomposition curves. It is 
evident from the table that the heat of sublimation, as calculated, in¬ 
creases with the temperature, but the experimental error is magnified to 
such an extent in the calculations that the exact value of the temperature 
coefficient is in doubt. 


Table II. 


Temperature 

Heat of sublimation. 
Calories. 

263 

12,360 

268 

12,640 

273 

12,760 

278 

13,110 

283 

13,360 

288 

14,160 

293 

14,140 

298 

„ *4,040 

305.5 (extrapolated) 

*4,970 


The results agree within the limit of experimental error with those cal¬ 
culated from the results of Russ and Pokorny. 1 Berthelot* found the 
heat of sublimation of nitrogen pentoxide at io° to be 13,100 calories by 
calorimetric experiments. This checks satisfactorily with the value 13,360 
calories, as shown in the table. 

1 ice. cit. 

* Ann. cUm. phys., 6, 151 (1S75). 
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Summary. 

1. A new all-glass manometer has been devised in which a platinized 
glass diaphragm is arranged to close an electrical indicating circuit, A 
measured air pressure was thus balanced against the unknown pressure, 
without the aid of optical systems. 

2. A convenient method for preparing pure nitrogen pentoxide has 
been described. 

3. The vapor pressures of nitrogen pentoxide have been determined 
by a static method in which corrections were made for the decomposition 
occurring in the gaseous phase. The results agree at the lower tempera¬ 
tures with those of Russ and Pokomy obtained by a different method, and 
extend to higher temperatures than they were able to employ. The vapor 
pressures of nitrogen pentoxide are conveniently given by the empirical 
formula: 

hog P am = + 34 1 log T — 85 929. 

4. The sublimation point and heats of sublimation of solid nitrogen 
pentoxide have been calculated. 

WABUtNOTOH, D C. 
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ADDITION COMPOUNDS OF AMMONIA WITH THE AMMONIUM 

HALIDES. 

By James Kendall and J. G. Davidson. 

K'ctivtd March 23, 1920. 

The fact has long been noted in the literature 1 that the majority of the 
salts of ammonium are exceptionally soluble in anhydrous liquid am¬ 
monia, and a great deal of work has been done in the examination of the 
nature of such solutions. The most familiar case is that of ammonium 
nitrate, which absorbs ammonia readily at ordinary temperatures to form 
a mobile liquid known as Divers' solution.* Conflicting conclusions have 
been drawn regarding this system by different investigators. Raoult* de¬ 
duced the existence of compounds of the formulas NH4NO3, 2NH*, and 
NHjNOj.NHj; Troost* claimed to have obtained 2 different compounds; 
2 NH«NOj.3NHj, and NH4NO3.3NHJ; while Kuriloff, 5 who first established 
the complete freezing point diagram, isolated only the latter compound— 
NHtNOi,3NHj—which showed a m. p. of —40°. 

1 See Franklin and Kraus, Am Chem. J , 20, 820 (1898). 

* Divers, Ptoc. Roy. Six , 21A, 109 (1873). 

* Raoult, Compt. rend , 76, 126! (1873). 

* Troost, ibid ., 94* 789 (1882). 

* Kuriloff, Z. physik. Chem., 25, 107 (1898). 
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Ammonium thiocyanate is also extremely deliquescent in a mm onia. 
Bradley and Alexander 1 have succeeded in obtaining a whole series of 
addition compounds in this system, further data regarding which have 
recently been published by Foote and Hunter. 8 

For the remaining salts few results of any value are available. Troost* 
has stated that ammonium chloride forms with ammonia the com¬ 
pounds NH4CI.3NHJ (m. p. +7 0 ) and NH4CI.6NH, (m, p., —18 0 ). 
Ammonium bromide and a mm onia have been investigated by Troost 4 
and Roozeboomcompounds of the formulas NH,Br, NH*; NHtBr.jNH 3 
(m. p., +8.7°) and NH,Br.6NH 3 (m. p., —20°) have been deduced. 

In the present article the results of an examination of the freezing- 
point curves of ammonium chloride, bromide and iodide with ammonia 
over the whole of the available concentration range are recorded. Am¬ 
monium fluoride was found to be practically insoluble in liquid ammonia 8 
and to form no compounds. The curve for the system NII 4 NO,r-NH 3 
was also redetermined in part, but since the data of Kuriloff were dupli¬ 
cated within the limits of experimental error, the results need not be re 
peated here. 

Experimental. 

The whole work was carried out in sealed glass bulbs, as described by 
Smith and Eastlack. 7 Anhydrous ammonia was obtained by warming a 
concentrated aqueous solution, drying the gas given off by means of quick¬ 
lime and fused potassium hydroxide, and condensing in a tube surrounded 
by liquid air. The salts were c. p. products, recrystallized before use. 

Mixtures of known composition were made by adding liquid ammonia 
to a weighed quantity of the powdered salt in an unsealed bulb, sealing at 
once and weighing again. A handle was fused to the bulb and com¬ 
plete admixture of its contents brought about by wanning and shaking. 
Solidification was induced by rapid cooling in liquid air and the bulb, with 
a thermometer, was then immersed in a bath, the temperature of which 
was slowly raised until the point of disappearance of the last few crys¬ 
tals was noted. By careful repetition of this procedure the exact freezing 
point of the mixture was obtained. 

Below 0“ the bath employed was an unsilvered Dewar flask contain¬ 
ing alcohol previously cooled by liquid air. Above 0° a water bath was 
substituted. For temperatures below —35 0 a toluene thermometer was 
used, standardized at the freezing points of mercury and pure ethyl 

1 Bradley and Alexander, This Jovrnaj,, 34, 15 (1912) 

* Foote and Hunter, ibid., 43, 69 (1920) 

* Troost, Compt. rend, 88, 578 (1879) 

‘Troost, *Wi., 9a, 715 (1881). 

* Roozeboom, Z. phyiik. Chem , 2, 460 (1888) 

* Compare Franklin and Kraus, loc cil 

r Smith and Eastlack, This Jourhai,, 38, 1262 (1916), 
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acetate. 1 Above — 35 ° a standardized mercury thermometer was em¬ 
ployed. The freezing points recorded beiow may be regarded as of the 
following accuracy: from •— 80 to —35 
possible error 0.5 0 to i.o°, above —35 
possible error o 2° to o 5 0 . 

It was found impossible to carry the 
curves much above ordinary temperatures 
owing to the enormous ammonia pressures 
there exerted. Persistent efforts to ob¬ 
tain more points merely resulted in the t. 
sudden transference of the apparatus to 5 
the ceiling of the lalxiratory. However, | 
since in all cases the neutral salt had a!- * 
ready been reached as solid phase, no 
compounds have been missed by this in¬ 
complete examination of the systems. 

The results obtained are given in the 
tables below and in the accompanying 
diagram. The significance of the curves 
need not be elaborated upon here; it is 
sufficient to state that each break indicates a change in solid phase and 
that the composition of each compound isolated is automatically deter¬ 
mined by its maximum point on the curve. 


Ammontn Ammonium Chloride: 


(a) Solid phase 

. NH, 







Mol NH, 

too 







T 

-74 8 







(h) Solid phase, NH.CljNH, 







Mol ‘ c NH,. 

98 8 97 4 

95 5 

1 

92 2 

91 3 

89 8 

88 6 87 9 

T 

4 jo 5 

55 '> 

-“25 6 

~2 2 O 

—19 6 

—15 0 - 

—11 q —ro 0 

Mol *, NH, 

8(> 0 q 

81 9 

79 0 

77 * 

75 0 

74 0 


T 

- 3 1 00 

5 2 

6 6 

9 5 

10 7 

10 0 


(r) Solid phase 

, NHiCl 







Mol "J NH, 

n 1 71 j 







T. 

91 31 0 







Ammorttn Ammoniutn Bromidr' 







(fl) Solid phase, NH S 







Mol % NH, 

loo 95 6 

91 9 






T . 

74 8 - 76 0 - 

-76 7 






Chi Solid phase, NH,Br (NH, 







Mol. f, NH, 

89 5 88 9 

87 6 

&5 9 

83.4 

83 4 

81 3 

7 * 7 

T 

-57 4 —49 0 - 

-44 0 

— 431 

— 9 0 

—4 1 

0.4 

6 0 

Mol. % NH, 

77 8 76 * 

75 « 

74 3 

71 1 

72 8 

72 2 


T . . .. 

IO 1 14,1 

1 . 1-7 

13.1 

11 7 

10.9 

9 7 



1 Compare Kendall and Booge, This Journal, 38, 1718 (19*6) 
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(c) Solid phase, NH<Br, 

MeL%NH,... 7r.8 71-4 70.7 69 9 68.6 

T.,,. 9-2 20.0 32,6 S3.o 87.0 

Ammonia-Ammonium Iodide " 

(a) Solid phase, NHt, 

Mol. %NHs... 100 97.5 95-4 

T. . —74.8 —76,8 —78.6 

( 4 ) Solid phase, NHJ.4NH*. 


Mol. %NH»... 92 .8 92.0 

90.2 

88 8 

86.8 

85.1 84 0 


— 58.0 

—46.3 

—29.5 

- 20 2 —O 

Mol. 83.2 82.0 

80.0 

79 2 

77-9 

77 0 

T. —13.2 —9 4 

— 5 -1 

—6 8 

—9.2 

— IO ,Q 

(c) Solid phase, NH4I.3NH,. 

Mol. % NH,... 76.9 75-9 

75 O 

74-3 

73 » 

73.2 


— 8 .0 

-8 9 

- IO O 

—ji 5 

id) Solid phase, NHJ. 

Mol. %NH„... 72 4 7 i 5 

69 8 

68 0 

66 8 


T. —70 25 

22 6 

44 2 

57 0 


Discussion of Results.- 

-From the diagram it will be seen that the 


existence of the following compounds has been demonstrated: 


M p. 

(а) NH,Cl3NH,. 107“ 

( б ) NH<Br.3NHi. 13. 7 ° 

(c) NH,I 3NH1. —80“ 

( d ) NH4I.4NH,. —5.1° 


The melting points of the first 2 of these compounds are considerably 
higher than the values recorded by previous workers. The other 2 com¬ 
pounds have not been isolated before. 

No evidence was obtained in support of the compounds, NH 4 CI. 6 NH* 
and NHiBr.6NH a , claimed by Troost. 1 From the position of the melt¬ 
ing points given by him for these compounds, as referred to the general 
curves (see the 2 points marked T in the diagram), it appears that their 
existence is extremely improbable. In the same way no indication was 
given of compounds of the type NH 4 Br.NH } . While no actual analyses 
were carried out upon the solid phases separating out at ordinary tem¬ 
peratures from the mixtures, yet their crystal habit was in each case iden¬ 
tical with that of the neutral salt. 

When we compare the curves among themselves, we note a regular 
increase in the extent and stability of compound formation os we pass 
upwards through the series of halogens. Ammonium fluoride forms no 
Compounds at all with ammonia. The chloride forms a compound NH*C 1 .- 
3NH3, which is appreciably dissociated into its components on fusion, as 
is shown by the relative flatness of the curve in the region of its maximum. 
The compound NH.4Br.3NH* is much more stable, as may be seen by the 
* Troost, loc . tit . 











ADDITION COMPOUNDS OF AMMONIA. 114$ 

sharper maximum on the diagram. With ammonium iodide, finally, 
not only is there obtained a stable compound of the regular type, NH<I.- 
3NHj, but also a second very stable compound of the composition NH«I.- 
4 NH s . 

The stability of these compounds, indeed, is so unexpectedly high 
that it is evident that their existence at higher temperatures and even 
in the vapor phase cannot be entirely left out of consideration in any 
exact study of the ammonium halides. For example, Smith and Lom¬ 
bard 1 have found that the vapor density of ammonium iodide at tempera¬ 
tures below 350 0 is greater than the value required by the formula NH4I, 
and have suggested that any dissociation into ammonia and hydrogen 
iodide is outbalanced by association into complex molecules of the type 
(NHJ)j. The present investigation indicates an alternative and very 
plausible explanation, namely that complex molecules of the type NH4I.- 
wNH 3 (and perhaps, too, of the type NHJ.wHI, since ammonium nitrate 
has been shown by Ditte* and by GroschtifP to form stable addition com¬ 
pounds with nitric acid) are existent in the vapor phase, raising the ob¬ 
served density above the normal value. The possibility of the presence 
of such compounds in the vapor phase also adds a new complication to 
the discussion between Wegscheider 4 and Smith 5 on the abnormalities 
in the vapor densities of dried and undried ammonium chloride. 

Summary. 

The freezing point curves of the ammonium halides with ammonia 
have been determined throughout the whole available composition range. 

Compounds of the following formulas have been isolated: NILCL3NH3 
(m. p., 10.7 0 ), NH3r.3NHa (m. p., 13.7°); NHjI.jNHj (m. p., —8.o°); 
NH4I.4NHJ (m. p., —5.1°). Other compounds of these systems pre¬ 
viously recorded in the literature are probably non-existent. 

The stability of the addition compounds with ammonia increases regu¬ 
larly as we ascend the series of the ammonium halides. .Some conse¬ 
quences of the probable persistence of these compounds in the vapor 
phase have been briefly indicated. 

Nkw Yo«. N. Y. 

1 Smith and Lombard. This Journal, 37, 66 (1913;. 

* Dittc, Ann. Mm phys, 18, 320 (1879). 

' GroschufI, Ber.. 37, 1486 (1904). 

* Wegscheider, Z. anorg Chm . 103, 207 (1918). 

‘Smith, Eastlack and Scatchard, This Journal, 41, 1961 (1919). 
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THE HEAT OF ABSORPTION OF VAPORS ON CHARCOAI. 1 

By Arthur B. Lamb and A Sprague C'ooupoe. 

Received March 28, 1920. 

Introduction. 

In the study of the properties of active charcoal for use in gas masks it 
appeared of importance to determine the adsorption isotherms of a large 
variety of vapors upon charcoal, and the quantity of heat thereby evolved. 
It was soon found that the precise adjustment of adsorption pressure 
equilibria is very slow and exhibits irregularities apparently connected 
with the presence in the charcoal of minute traces of air and other im¬ 
purities. The study of this aspect of the problem was, therefore, post¬ 
poned, and attention was directed chiefly to the study of the amounts 
of heat evolved during adsorption. 

In these thermal measurements complete adjustment of the adsorption 
equilibrium is also slow, but at least at low pressures, the greater portion 
of the gas is taken up in a few minutes, so that accurate calorimetric 
measurements can be made quite rapidly by a suitable method as, for 
instance, that using the ice-calorimeter, provided the gradual adsorption 
of the remaining vapor by the charcoal be prevented. This can be done 
by closing off the system after an appropriate interval, close to the char¬ 
coal. The little residual vapor thus entrapped, even if it were completely 
adsorbed, could not evolve a measurable quantity of heat. 

Our general method of procedure was to enclose in a glass tube, a weighed 
quantity of charcoal freed from gaseous impurities by evacuation at 
a high temperature, place this tul>e in an ice-calorimeter, and when con¬ 
stant readings had l*eti obtained, to introduce a measured quantity of 
the vapor in question at low pressure into the tube. We waited 
until most of it had been adsorbed, then shut the residual gas off from 
the charcoal, and finally observed the stationary reading of the ice- 
calorimeter. This process could be repeated with fresh samples until 
an equilibrium pressure had been attained beyond which it was im¬ 
possible to go without condensation of the vapor at o°. Similar measure¬ 
ments using an ice-calorimeter have previously been made on nitrogen, 
carbon dioxide and ammonia by Titoff. 8 

The apparatus, materials and experimental procedure are first de¬ 
scribed; the results obtained and a discussion of them follow. 

1 Published by permission of Maj On tV. L. Sibcrt, Director, C. W. S., U. S. 
Army 

! The authors wish gratefully to acknowledge their indebtedness to Margaret 
S. Coolidge for her skilful execution of a number of the measurements recorded In this 
paper 

’ Z. phytik. Chcm , 74, 641 (1910). 
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Apparatus. 

The apparatus used in these measurements presents certain advan¬ 
tages as compared with that used by Titoff; it is shown in Fig. 1. It 
consists essentially of the bulb A in which the gas or vaporjis stored; 
the manometer B; the ice-calorimeter C, and the valve I). 

The bulb A, together with the connecting tubes and thejparts'of the 
manometer and valve which are occupied by gas, constitute the volume 
used in calculating the quantity of gas adsorbed. The temperature of 
the greater part of the system is given by that of the water at room tem¬ 
perature which surrounds A; that of the small volume represented by the 
valve, manometer, and con¬ 
nections, will not differ 
sufficiently to cause appre¬ 
ciable error. 1 

B serves as a manometer, 
and also as a valve to isolate 
the system from the pump 
(a Gaede mercury pump) 
so that the latter may be 
stopped or used for other 
purposes. The small side- 
tube a can be used as a 
simple MacLeod gage to 
indicate the vacuum at¬ 
tained. A cathetometer is 
used to read the manom¬ 
eter, and since it can be re¬ 
lied on to only 0.05 mm., it 
is not necessary to employ 

refined methods of measur- . , ■ 

. _, T , Fig. 1,- Adsorption apparatus and ice-catontnCter. 

mg the vacuum. We have 

not used a permanently exhausted manometer, because of the difficulty 
of cleaning and refilling. The one we used can Ire easily cleaned by 
emptying the mercury through b and pouring in cleaning solution by 
means of a funnel inserted through the filling plug p. 

The sample of charcoal is contained in the small bulb c, which can be 
inserted in an ice-calorimeter of the usual design. The latter is protected 
from heat exchange by immersion in a glass jar containing distilled water 
* In a later form of apparatus, the large bulb was inverted and the connecting 
tubes all sloped to drain into B or II This was a great improvement, as mercury is 
certain sooner or later to fly about tn the apparatus, but with this arrangement it all 
run* out again, lu the old apparatus there was usually a little puddle of mercury i“ 
A, whose volume had to be estimated and corrected for, and which could be removed 
only by taking the apparatus apart. 
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and Sued with pure ice fay previous immersion in a freezing mixture. 
The addition of 2 drops of alcohol to the water in the jar serves to balance 
the depression of the freezing point of the water in the calorimeter due 
to the pressure of the mercury in the leading-out tube, and we have no 
correction for heat exchange. This probably has no advantage over a 
small constant heat exchange so far as accuracy is concerned, but is much 
thore convenient, as it is unnecessary to record the time accurately and 
then to calculate the correction. In the diagram, d is the inside tube 
of the calorimeter, surrounded by the sheath of ice e; / is the calorimeter 
jacket, g the protective coating of ice on the inside of the jar h. Heat is 
conducted from c to d by the water which fills the space between them 
up to a point just below the top of the ice sheath. The whole is packed 
in a tub of crushed ice, and mounted on an adjustable platform by means 
of which it can be run under the charcoal tube and raised into position. 

The ice-calorimeter is read by a capillary tube i inserted through the 
cork sleeve; one millimeter of the scale used in calibrating corresponded 
to 0.589 cal. at 15 0 . This constant was determined by dropping in 
known weights of water and glass previously brought to constant room 
temperature. The bulb used weighed 2.986 g. and the specific heat of its 
glass, separately determined, was 0.189. The bulb contained 2.730 g. 
of water of average specific heat of 1.004, making the total heat capacity 
of the filled bulb 3.304 cal. Four separate experiments gave values 
varying between 0.587 and 0.590 cal. per mm. of the scale, with a mean 
value of 0.589. 

Ostwald 1 gives 1.546 g. of Hg per cal.; since 75.1 mm. of this capillary 
contained 0.6835 8- °f Hg this corresponds to 0.5885 cal. per mm. 

The capillary tube used in the present experiment was somewhat 
smaller than the above, and its constant, found by weighing a column of 
mercury, was 0.587 cal. per mm. There were also small corrections for 
variations in its bore, amounting to between •—0.1 and +0.1 mm. which 
were determined and applied. 

The admission of the gas to the charcoal is controlled by the mercury 
valve D. When the level of the mercury is lowered, gas enters the char¬ 
coal tube through k, while the trap l separates any mercury carried over 
and returns it through wi. N is a spiral glass tube which is immersed 
in ice and water after the pressure of the gas has been read, but before 
it is admitted to the charcoal. This insures that the entering gas will 
not carry in any extraneous heat.* The arrangement designed to make 

1 Ostwald-Luther, "Haud-und Hfllfsbuch," 3rd Ed., p. 334, 

1 The apparatus was 90 arranged that the principal drop in pressure between the 
reservoir and the charcoal occurred inside the calorimeter. An approximate computa¬ 
tion demonstrated that neither the kinetic energy at the inflowing gas nor the Joule- 
Thomson effect could have produced any significant error. 
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as small as possible the space in connection with the charcoal after the 
valve has been closed, since with a large dead space the gradual adsorption 
of small quantities of gas would continue for some hours, and a definite 
reading would be difficult to obtain. Some of the gases studied condense 
at the pressures used when the temperature is reduced to zero. It was 
feared that if this were allowed to occur in the valve, the gas on re-evap¬ 
orating might be cooled and enter the calorimeter below the freezing 
point. To prevent this, a bulb 0 is provided; by immersing this in ice 
and water, the gas can be condensed there and the pressure so lowered 
that no further condensation occurs when D is subsequently cooled. 
Naturally, this is not done till the pressure and temperature of the gas 
have been ascertained. 

The substance under examination is admitted to the system through 
the filling plug p. This is not lubricated, but is ground at an angle large 
enough to prevent sticking. It is normally covered with mercury, and 
is perfectly tight when so sealed. When it is in a certain position, a 
scratch on the upper half of the socket meets one on the lower half of the 
plug, forming a very narrow channel. In filling, liquid is poured on top 
of the mercury forming the seal, which is then lowered until the top of the 
grinding is covered with the liquid. The plug is then turned, and the 
liquid flows in through the scratch until the desired pressure has been 
attained, when the plug is again turned and the mercury seal replaced. 
It is generally necessary to boil away the superfluous liquid, as otherwise 
its capillary properties enable it to creep under the mercury seal and 
through the grinding, causing the pressure in the apparatus to increase 
slowly. When the plug is dry, the pressure remains constant indefinitely. 
This plug is more satisfactory than any other device we have thought or 
read of, as it does not depend on lubricants, which are rapidly attacked 
by some of the substances examined, nor on sweeping out the air in an 
intermediate chamber, which is uncertain, wasteful of material, and 
involves filling the pumps with liquids which may dissolve in the oil of 
the backing pump and be removed with difficulty. 

Materials. 

All the liquids used were carefully purified by appropriate chemical 
treatment, and were fractionated in a glass still with an efficient still- 
head until the main portion came over within a few hundredths of a 
degree. All liquids were used immediately after preparation. 

The charcoal used in all but a few of the measurements was from one 
lot of a steam-activated cocoanut charcoal of excellent quality, as shown 
by the following service time tests made according to the standard C 
W. S. accelerated chloropicrin tube-test method. 

When allowed to stand overnight in the tubes the tested samples showed 
5 minutes recuperative run to the break. 
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Weight 

G 

Temperature, 

“C, 

Pressure drop. 

Mm HjO. 

Time 

Min. 

8 59 

29 

33 

4#,6 

8 St 

29 

31 

49.6 

Average, 8 55 

29 

32 

« 1 


A few measurements were made with a less active charcoal (E-622). 
This charcoal was also a cocoanut charcoal of the same mesh as the above 
and had been activated in a similar way. It ran only 14.4 minutes when 
tested according to the same procedure. It is referred to in what follows 
as “inactive'' charcoal. 

Method of Experimentation. 

Preliminary Treatment of the Charcoal. —The tube in which the char¬ 
coal is to be contained is first sealed to one part of a ground glass connection 
and weighed. It is then filled with charcoal, attached to the Gaede 
pump by the ground joint, and evacuated for an hour and a half at 350 
and at a pressure of o 01 mm ,‘ the heating being accomplished by a small 
electric tube furnace. While still hot and evacuated, the bulb is sealed 
off, and when cool is weighed together with the original part of the ground 
joint, so that exactly the same portions of glass figure in each weighing, 
and the difference is the charcoal taken, freed from adsorbed gases and 
moisture. The charcoal tube is now sealed to the apparatus in the proper 
place, and again heated and exhausted for an hour, after which the valves 
are closed, the charcoal tul)e cooled in ice, and the calorimeter placed in 
position. It requires half an hour for the latter to come to equilibrium. 

Introduction of the Gas.—While the charcoal is cooling, gas is intro¬ 
duced through the filling plug, its temperature and pressure read, and, 
if necessary, it is partially condensed in o. When the calorimeter read¬ 
ings have become constant, ice and water are placed around the valve, 
which is then opened, allowing the gas to flow into the charcoal. After 
a few minutes, the valve is closed again, the pressure of the gas remaining 
in the System noted, and the calorimeter watched until its readings be¬ 
come constant. The pressure in the charcoal tube may be compared 
with that in the main volume at r, which, with the volume of dead space, 
gives the quantity of gas removed from the main volume but not adsorbed 
by the charcoal. This is generally negligible. This pressure in the bulb 
at the end of an experiment is not in general the true equilibrium pressure, 
which may require hours and sometimes days to be established, but in 
a carefully prepared and unpoisoned charcoal differs but little from it. 
Another portion of gas is now admitted to the charcoal and the heat 
measured; this is repeated until the final pressure in the tube reaches or 
1 Since the teat of adsorption was found to be nearly independent of the amount 
already adsorbed it would seem that a small amount of residual gas could hardly be 
of much importance. 
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exceeds 20 mm. These consecutive "experiments” constitute a “run” ac¬ 
cording to our nomenclature. The charcoal may be heated and evacuated 
and another run made, either with the same or with a different substance. 
All the runs made with one sample of charcoal constitute a“series.” 

Calculation of Results. 

Results are expressed in 15 0 calories and cubic centimeters of gas at 
normal temperature and pressure, per gram of gas-free adsorbing char¬ 
coal In calculating the gas volumes, a correction representing the effect 
of molecular attraction is first added to the observed pressure This is 
obtained from the values of the constant a of Van der Waals’ equation 
(Landolt-Bomstem), and as a rule amounts to about o (The effect 

of the volume of the molecules is negligible at these pressures) The 
resulting ideal pressure is then used to reduce the volume to 0° and 760 
mm , accordmg to the laws of an ideal gas The complete calculation 
of an experiment is as follows 

Weight of charcoal scaled m tulie, exhausted 19 287 g 

Minus weight of glass 15 909 g 

IUus weight of displaced air 6 c< o 007 g 


1 


Yrue weight ol e-hareo.il 3 385 

\ olumc of system 1187 cc 

Tcmpcnitun 22 0° 

Pressure before adsorption 77 3 mm 

Correction for attraction \ an dcr Waals > o 2 mm 

Pressure after adsorption 1 9 turn 

Pressure drop 71 6 mm 

Gas removed, 

273 o 7s 6 _ 

1187 X - X- 109 3 cc at NTP 

293 o 760 

Pressure m charcoal tube at end 1 5 mm 

Volume of same 12 o cc 

Gas removed but not adsorlied o 1 cc 

Gas adsorbed 109 3 cc at NTP 

Ditto per gram 1 hariii.il x’ . 32 30cc at NTP 

Reading of calorimeter initial o o mm 

Ditto, final 126 7 mm 

Heat evolved 126 7 ,* o 387 74 4 cal 

Heat evolved per gram eharcoal, “A” 21 98 cal 

The results of each experiment are added to those of all preceding 
experiments of the same run, thus giving the total gas in the charcoal, 
x, and the total heat evolved during its adsorption, h. 


The Results. 

All the results which we recorded are reported m the following tables. 
They are also shown in the accompanying Figs. 2, 3 and 4. Three of the 
results, however, which are bracketed in the tables as obviously wild, 
are omitted from the plots because it would not be dear to which curve 
they belong. 
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Table I 

—Heat of Adsorption Measurements on Active Charcoal. 



Carbon Tetrachloride. 





h » 

0.893 




Adsorbed gas. 

* 

* cc. 

Heat evolved, h. 

Difference, 

A 

cal. 


Charcoal 
and ran. 

Observed 

caL 

Computed. 

cal. 

Pressure. 

mm. 

la 

23.56 

16 87 

16.86 

+0 or 


B, 

30.35 

21.47 

21.35 

+0.12 


D, 

33-50 

23-46 

33.40 

+0.06 


c. 

34-91 

24-30 

24 31 

—0.01 


A, 

39-50 

26.61 

27.27 

—0.66 


B, 

60 94 

41.71 

40 82 

+0.89 

4 


76.4 




7 

A, 

78 32 

5 1 -53 

51 -55 

— 0.02 

IO 

Ri 

78 80 

91 

51 -40 

51.83 

—0 43 

21 


108 




46 

C, Used for ether. Exhausted 90 minutes. 



Ai Fresh. 

Exhausted overnight. 




Bi Same. 
Di Fresh. 

Exhausted 2 

hours. 




L, Used for methyl alcohol. 







Ether. 





h = 

0.917 r» «» 



Ix 

1810 

13 39 

13 21 

+018 


c, 

35-00 

24-15 

24 29 

—0.14 


I. 

37 68 

26.06 

25 98 

+0 08 


c. 

43 18 

29 45 

29 48 

— 0 03 

3 

Ix 

58 07 

39.06 

38 70 

+0 36 


c a 

75 68 

49 31 

49 4 ° 

— 0 09 

. . 

c, 

78 76 

51 - 4 ° 

51.29 

+0 u 



8.-7 




IO 

Ix 

86.77 

53 78 

56 <>7 

(—2.29) 

IO 

Ix 

99 34 

60 61 

63 48 

(—2.87) 

63 

Ci Exhausted go minutes. 




C» Same. 






Ii Fresh. 

Heated overnight at low pressure, and in 

vacuum one hour 




Chloroform. 
h = 08295 *' !B . 



Jx 

22 .30 

14.91 

15 u 

— 0.20 


Hi 

30.89 

20.28 

20 40 

— 0.12 


Gi 

32 ,69 

21 .88 

21.59 

+0 29 


Jx 

45 49 

29 41 

29 40 • 

+0.01 


H. 

60.49 

38 09 

38 40 

— 0.31 


Gi 

68.66 

43 20 

4.3 -21 

—0.01 


Hi 

78.36 

48.84 

48.90 

—0.06 

7 

Gi 

104 

107 .IQ 

65 67 

68.50 

4-0.17 

>5 


Gi 

Hi All fresh samples. 




















heat of absorption of vapors on charcoal. 

”53 



Tabu I (continued). 





Ethyl Formate. 





h ** 

0.944 * em ‘- 





Heat evolved, h. 




Adsorbed gas. 



Difference. 


Cbar coal 

X 

Observed. 

Computed. 

A 

Frcmfe 

and run. 

* cc. 

cal. 

cal 

cal. 

mm. 

p. 

20.72 

'5 07 

14.79 

4-0.26 

.. 

Pi 

32.30 

21 .97 

22.11 

—0.14 


p» 

33-77 

35 10 

3312 

—0.02 


p. 

62.88 

40 27 

40.47 

—-O .20 


p. 

80.02 

50.39 

30.37 

4 - 0.02 

3 

Pi 

96.73 

59 70 

59 83 

—013 

10 

Pi 

120.15 

73-00 

72.87 

4-0.13 

33 

Pi Fresh. 






Pi Some, 








Carbon Disulfide. 





h = ■ 

0.7525 



Z, 

23 91 

'3 93 

13 99 

—0.06 

. . 

z, 

38 07 

21.82 

21.45 

4-0.37 


Zi 

48 .40 

26.71 

26.76 

—0.03 

.. 

E, 

66.58 

35 60 

35.81 

—0.21 

6 

Zi 

70 02 

37 63 

37 59 

4-0.04 


z, 

74 92 

40 19 

40 OO 

4-0.19 


z. 

97 94 

5 '- 4 ' 

5 ' 19 

4-0.22 

3 

z. 

111.98 

58.13 

57 92 

4-0.21 

7 

z. 

127.67 

65.40 

65.36 

—0.04 

12 

El 

128.28 

6525 

65.61 

—0.36 

24 

z, 

137.78 

69.90 

70 . II 

—0.21 

15 

z. 

143 37 

69.19 

72.73 

(~ 2 . 55 ) 

21 

z, 

'33 19 

76.87 

77 27 

-0.40 

40 

Zi Used for CSj. Exhausted overnight. 



Zi Same. 






Ei Fresh. 

Heated at low 

pressure 

■ over night, and in vacuum 2 

hours. 



Methyl Alcohol. 





h SB 

0.742 **•■. 



S, 

21.67 

13.39 

> 3 - 3 ° 

4 - 0.09 

. . 

s, 

4742 

27 64 

27 . 7 ' 

—0.07 

. . 

s, 

75 27 

42.76 

4224 

4-0.02 

. • 

s, 

103.27 

57 44 

57 - 4 * 

—O .04 

13 

s, 

127.40 

70.08 

69.98 

4-0.10 

18 

Si Fresh. 

After 2nd expt. the charcoal tube was 

removed from calorimeter, and 

allowed to stand in the air overnight. 

Next morning 

the run was continued. 



Ethyl Chloride. 





k ■» 0.7385 x*-* 1 *. 



U, 

29.10 

16.05 

16.14 

-0.09 

.. 

u, 

42 .66 

23-02 

22 .90 

4 - 0.12 

, , 

U, 

67 .ot 

34-78 

34 62 

4-0.16 

. . 

u, 

10a .81 

31.21 

51 .21 


15 

u, 

124.80 

61.03 

61.17 

* — 0,14 

5 * 


U» Used for bewsne, 
U« Same sample. 
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Tabes I (continued). 
Ethyl Bromide 
h — o 900 r “ ,0 “ 




Heat evolved h 

THfierencf 

& 

Cal 


Charcoal 
and run 

Ads 0f hed K»x. 
X 

H CC 

Observed 

cal 

Computed 

cal 

Pressure 

nun 

Wi 

48 90 

99 85 

29 83 

+0 03 


Y, 

34 1° 

39 63 

32 67 

- 0.02 


W, 

9 i 73 

59 55 

54 54 

+0 01 

to 

Hi 

1 30 48 

67 IS 

6? 13 

+ 0 02 

37 

Yj Previously used with ethyl alcohol 




W, Fresh 








h thyl Iodide 





h = O 737 

v 0 8M 



V, 

84 4 - 

21 71 

2 1 7 2 

"<> Ol 


l\ 

67 52 

41 40 

4 1 39 

+ (> 04 

2 

V, 

99 '7 

S 9 97 

*»9 77 

+ 0 20 

5 

XU 

1 24 7 - 

74 11 

71 30 

—O 28 

39 

l T 4 Previously used wi 

th ethyl chlo-ide 






Belize nr 





A ^0774 

^0 M 9 



u, 

38 37 

19 1 <> 

IQ 17 

O OI 


X’l 

14 70 

7 S 9 ° 

33 9 i 

03 

2 

V, 

81 07 

52 51 

V 39 

*fo 14 

* 

V, 

Ui Fresh 

102 04 

65 70 

65 34 

—0 04 

13 



hthvl Alcohol 





h - 0 871 

*0 918 



Xj 

4 59 

3 62 

3 60 

l 0 02 


X. 

8 40 

6 27 

6 28 

—O Ol 


X, 

14 73 

10 19 

10 24 

- O 05 


Y, 

14 65 

10 41 

10 42 

—O Tl 


X. 

37 8 j 

TQ IT 

19 08 

+ 0 03 


Y, 

3 > 40 

21 'jK 

34 

+ 0 04 


Y, 

46 91 

3 * 

,30 96 

+r» 04 



Both fresh 



Table If -Heat or Ausorftjov Mkasurbmbmts tin Inactive Charcoal 


Carbon Tetrachloride 
A * 0841 *•*" 
Heat evolved, h 


Charcoal 

Adsorbed 

X 

Observed 

Computed 

Difference 

A 

Pressure 

and ran 

tt cc 

roJ 

cal 

c*i 

mill 

v, 

*4 33 

it> 39 

1 6 36 

+o 03 


T, 

if> 12 

17 45 

17 4* 

- -o 07 


Vs 

36 27 

22 s 

23 73 

(1 18) 

2 ! 
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Taslr II ( continued). 

Heat evolved, h 


Charcoal 

Adsorbed gas 

X 

Observed Computed 

Difference 

A 

Pressure. 

and run 

n cc 

cal cal 

cal 

ami 

T, 

12 65 

Methyl Alcohol 
h = 0 754 x° m . 
t'j 05 19 84 

-foil 


T, 

60 95 

35 ' ' 35 63 

-0 03 

2 

T, 

88 15 

SO 4< 50 4b 

— 0 05 

4 

■r, 

117 CJ9 

6S 65 65 73 

— 0 08 

14 

V, 

18 48 

Benzene 
k = 0 824 

13 35 '3 33 

*f 0 02 


T, 

2 \ 71 

16 74 94 

-O 20 


V, 

16 28 

25 44 25 44 

00 

4 

V, 

47 93 

33 16 33 

*0 OO 

9 


In the first column of the tables there are letters indicating the charcoal 
samples used, together with the subscript indicating the number of the 
run. Ai, for instance, indicates that this measurement was made with 
charcoal A and is one of the experiments in the first run made with this 
sample. U 3 would mean the third run with charcoal sample U. The 
second column contains the quantities of gas (x) in normal cc. adsorbed 


per g. of gas-free ad¬ 
sorbent. In the third 
column are given the 
observed values of h, 
the heat evolved, in 15° 
calories per g. of gas-free 
charcoal. In the fourth 
column are given the 
values of h computed 
from an empirical expo¬ 
nential formula, placed 
at the top of the column. 
In the fifth column are 
given the differences be¬ 
tween the observed and 
calculated values (A = 
The sixth 
column contains the 



ft 8 IV II I I 16 IS 2.0 2 2 

log V 

Fig 2.- -Agreement between tlie results of separate runs. 


equilibrium pressures observed at the time when the final calorimetric 
readings were made. The previous history of each charcoal sample is 
given below the results for each liquid. 

If the observed values of x and It are plotted, they are found to He on 


& system of lines slightly concave towards the x-axis. If the logarithms 
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of the values are plotted, they are found to lie very precisely upon straight 
lines, and this has been adopted as the most convenient way of represent¬ 
ing our results graphically. (See Figs. 2, 3 and 4.) From the position 
and slope of these lines we obtain at once the constants of equations of 
the form 

log h ■» a + b log x, or h = tttx" 

where m — 10° and « = b. The equations obtained in this way have 
been used to compute numerically the values of h given in the fourth 
column of the above tables. 

Reproducibility and Reliability of Results.—The results presented 
above (Tables I and II and the curves) have been obtained with various 
weights of both active and inactive charcoal, some fresh, others previously 
used, and with various portions of gas, with reference to the weight of 
the charcoal. The agreement for each charcoal is very satisfactory. 
The average error of a single experiment seems to be about 0.7%, but 
that of the higher results is much less, due to compensation of errors in 
adding. The agreement between runs is about as good as that between 
experiments. This is shown particularly well by Fig. 2, where typical 
values obtained in 3 separate runs with ethyl alcohol and 2 separate runs 
with carbon disulfide are given. It is seen that the points lie very ac¬ 
curately on the same straight lines. 

This dose agreement shows that the total quantity of heat evolved 
during the adsorption by empty charcoal of a quantity of gas is definite 
and reprodudble. It is not affected by the manner in- which the gas is 
added (whether slowly or rapidly, all at once or in several portions) nor 
by the previous experiences of the charcoal, at least in our laboratory, 
provided thatall the gas is first removed by heating to 350° and evacuating. 
In other words, it makes no difference whether the charcoal comes fresh 
from the can or has been previously used for other experiments, either 
with the same or a different gas; or, in the latter case, whether the gas 
has been immediately pumped out, or allowed to remain some time, 
or the charcoal even left open to the air. One interesting exception will 
be described later. 

The reading of the calorimeter usually becomes constant after 15 
minutes to a half an hour as stated above, and no slow creep of the calorim¬ 
eter fa noticeable; indeed, at least one of the runs (Si) was begun and 
finished on different days. Had any appreciable heat been given 
off during the night the subsequent points, since each "experiment” 
was additive, would have been too low. No such effect was found. 
These facts demonstrate that if any slow sinking-in of gas occurred, 
no heat fa thereby liberated. This is in agreement with the fact mentioned 
later, which our results have demonstrated in a striking fashion, that the 
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beat of adsorption is almost independent over a wide range of the amount 
of vapor already adsorbed. Any transfer, then, of adsorbed gas from the 
outer to the inner portions of the charcoal grain would liberate but a small 
and presumably inappreciable quantity of heat. 

The measurements of the equilibrium adsorption pressure at the com¬ 
pletion of an experiment do not have the same accuracy as the thermal 
measurements. Except in the case of carbon disulfide, however, these 
pressures must be very nearly correct, for no further noticeable change 
occurred after many hours. In the case of carbon disulfide there was a 
progressive decrease in pressure, so that in duplicate runs made at different 


log * 



1.] l.J 1.4 l.J 1.6 1.7 1.8 

log X 

Fig, 3.—Variation of heats of adsorption with the amount adsorbed. 


speeds the one made more rapidly, that is, with longer waits between the 
separate additions of the gas and hence with more opportunity for ad¬ 
sorption, gave higher pressures corresponding to the same amount of 
adsorption. In spite of this the heats evolved in the adsorption of the 
same amount of gas by the 2 charcoals differed by hardly more than the 
experimental error. 

A very interesting effect occurs when carbon tetrachloride and other 
of the above-mentioned vapors containing halogen, except ethyl chloride, 
are used. Once having been used with these gases, a sample of charcoal 
cannot be brought back, to its original condition, but appears to be changed, 
in such a manner that in all subsequent experiments with it, less heat is 
evolved than would be by a new sample of the same weight- This is 
shown by the results tabulated in Table IIL 
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Table IN.'—Experiments with Poisoned Charcoal. 
Carbon Tetrachloride. 

A — 0.700 r“ ” 4 . 



Admrhed raa 

Heat evolved, h. 

Difference. 


Charcoal 
and run. 

* Observed 

* ce. cal 

Computed 

cal. 

A 

cal. 

Pressure. 

cam, 

D, 

34.40 

21 90 

21 96 

—O.06 


A, 

34.80 

22,25 

22 21 

+0.03 


Ai 

47.60 

30.18 

30 *3 

-to 05 


A, 

63.03 

3981 

39 57 

+ 0 24 


A, 

90 58 

56 12 

56 |6 

- — O 24 

20 

Aj Used first for CCL and then for ether. 



A< Same sample. 

D« Used 5 times with CCl 








Ether 





h = 

0838 K 0 ”* 



K, 

28 65 

18 60 

18 70 

—O IO 


At 

42 10 

26 60 

26 73 

~t) I.] 


K, 

55 94 

34 '7° 

34 75 

4*0 I«> 


A, 

78.50 

48 01 

47 <>5 

-f-o $6 

12 

K, 

81 44 

49 54 

49 >2 

4 0 22 

JO 

K, 

96.60 

57 48 

57 In' 

— <1 12 

80 

Ai Used with CCb 





Ki Used with CCb. Pmnped in a vacuum ovtrmghl 





Cliloroform. 





h « 

0 716 t° m 



G, 

30.20 

18 47 

18 84 

~~o 37 


F, 

3168 

19.72 

19 74 

• -o 02 


F, 

65.01 

39-42 

39 38 

4-o 04 



F s Used previously with chloroform. 

Gi Ditto Stood 2 flays under water, and exhausted one hom at 350° 

Ethyl Bromide. 
h = 0.541 x 1 

Y. 29.80 17 32 17 32 

Us 31 45 18.30 18 30 

Y» Used once with ethyl alcohol, and once with ethyl bromide 
Us Used Successively with benzene, twice with ethyl chloride, and with ethyl 
iodide As the 2 results with the chloride were identical, it was considered that the 
poisoning was not due to that, but to the iodide. 

It can be seen that the values obtained are perfectly consistent with 
themselves, whether made with carbon tetrachloride or ether, or chloro¬ 
form. They run about 10% lower than with new charcoal, though the 
effect is a little less for the higher values. The capacity of the charcoal 
to adsorb gas is not noticeably affected. Subsequent experiments with 
carbon tetrachloride show no further effect on the charcoal, which con¬ 
tinues to reproduce the results of the second run made. 

The exact numerical relation can be Been from Table IV, where the 
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characteristic constants for the fresh and “poisoned" charcoal are col¬ 
lected. 

Table IV —Comparison ok Fresh and Poisoned Charcoal. 


Fresh. Poisoned. Fresh, Poiacmed. 

CC 1 < .. 0.893 0.700 o 910 O.974 

(C 2 H ,)|0 . o 917 O 838 u 9215 o 926 

CHClj ....... o 82H5 o 716 o 955 o 960 

CjH t Br. o 900 o 54} o 900 1 02 


It can be seen that except for ethyl bromide where only 2 measurements 
are available the w's are substantially the same, while the m’s for poisoned 
charcoal are decidedly smaller. 

These facts are shown even more clearly in Tig. 4, where the broken 
lines represent the behavior of the poisoned, and the unbroken lines that 
of the fresh charcoal. The 2 curves are almost exactly parallel, but the 
poisoned charcoal shows a constant lower heat evolution. 



log x 

Fig. 4.—Poisoning effect of halogen-containing vapors. Solid lines represent fresh, 
broken lines "poisoned'' charcoal. 

The explanation of this behavior is not simple. That it is not due to 
incomplete removal of the carbon tetrachloride, is proved by the fact 
that in the second and subsequent runs just as much new gas is taken up 
(to a given pressure) as in the first; only the heat evolved is less. We, 
therefore, believe that the chloride reacts with some constituent of the 
charcoal, and that the reaction is completed during the first nm or the 
subsequent exhaustion, after which no further change occurs. It seems 
unlikely that the change occurs (faring the first run, since the higher points 
determined ought to show the effect of it by running low. We thought 
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It night happen during the exhaustion preliminary to the second run, 
and tried varying the time and temperature of the exhaustion, but without 
influencing results. We did find, however, that if when a run is complete, 
the charcoal is removed from the calorimeter and allowed to stand at 
room temperature for an hour without removing any gas from it, and if 
the ran is now resumed, the heat values will run somewhat low. If the 
charcoal is allowed to stand overnight, it will be found that the change 
has completely occurred, and the heats obtained from future experiments 
in the same ran will correspond to those of second and later runs. This 
suggests that the change, whatever it may be, does not occur at all during 
the intervals of observation at the freezing point, occurs slowly at room 
temperature, and at any higher temperature occurs so rapidly that the 
change is completed even during the shortest period of exhaustion which 
we tried. Since prolonged exhaustion at high temperature does not cure 
this effect, it appears that there is no way of restoring a sample of char¬ 
coal which has once adsorbed carbon tetrachloride, except presumably by 
reactivation at a very high temperature, with air or another oxidizing 
agent. 

Discussion of Results.—Since the above table and curves show dearly 
that, tint cfosersed Wats oi adsorption on vmpoYswroA dMsvsrai ■eaav W. 
represented with satisfactory accuracy over the whole range as a simple 
exponential function of the amount of gas adsorbed, it is most convenient 
to discuss the results from the point of view of these equations, and the 
characteristic constants (m and k) which they contain. These constants 
have been collected in the first 2 columns of Table V. 

Table V. —Summary op Calorimetric Results for Active Charcoal. 



n . 

(l— ».) 

m - 

cat. 

WI,C 1 . 

... 0.913 

0 085 

0 7385 

12 .O 

cs, . 

... 0.9205 

0.079 

0.733s 

12.5 

CH,OH. 

... 0.938 

0 062 

0 742 

13 ■ 

CjHtBr. 

... 0.900 

O IOO 

0.900 

13.9 

CfflJ. 

... 0.956 

O 044 

0.737 

14 O 

CHCU. 

•• 0.935 

0 065 

0 8785 

14 5 

HCOOCjH,. 

... 0 9075 

0.092 

0.944 

' 4-5 

C.H.. 

- • ■ O 959 

O 041 

0 774 

>4 7 

COhOH . 

... 0 928 

0.072 

0.871 

iS-o 

ecu . 

... 0 930 

O 070 

. 0.893 

15-3 

. 

... 0.9215 

0 079 

0.917 

S 


In the first place it is noteworthy that the exponents («), are but 
slightly less than unity. This means that over the range studied the 
heat attending the adsorption of each successive equal increment de¬ 
creases but slightly; in other words, that the system exhibits only slight 
fatigue. This becomes particularly evident if we express our equation 
In differential form, 
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dh mrt 
dx = x {x -' y 

Evidently when (i — «) = o, dh/dx becomes a constant, that is, the 
heat evolved becomes independent of the amount already adsorbed. 
It can be seen that (i — n) is very small for these vapors. 

How small these values are becomes particularly striking if we com¬ 
pare them with the corresponding constant for ammonia. The heats of 
adsorption of this gas on meerschaum have been measured over a fairly 
wide range at o° by Chappuis, 1 and we have collected his results expressed 
in similar units to our own in Table VI. We have also computed an em¬ 
pirical equation of similar form to our own, and have included the values 
of (h) computed from this equation, in the table. It can be seen that there 
is an excellent correspondence between the observed and computed re¬ 
sults. 

Table VI. —Heat op Adsorption op Ammonia on Meerschaum. 




According to Chappuis. 





h = 2.23 * 5, “. 



Adsorbed gun 

X 

n cc. 

Heat evolved, h 

Difference 

A 

cul 


Observed 

cul 

Calculated 

cal 

Pressure. 

mm. 

24 2 

20 5 

20 5 

O 

O 

48 3 

33 2 

33 3 

O 

0-5 

73.3 

44 5 

44 0 

—0 5 

3-71 

95 3 

53 47 

53-4 

-fo 1 

21.5 

117 0 

61 07 

61 5 

—0 4 

57-56 


The value of i — n for ammonia, 0.305, is 3 or 4 times as great as is 
the case for the vapors we have studied. The heat of adsorption of am¬ 
monia evidently changes rapidly with the amount of adsorption. 

There is a decided parallelism between the exponents, n, and the 
boiling points of the above liquids. This is brought out in Fig. 5, where 
values of these constants for all the liquids studied are graphically repre¬ 
sented. This parallelism means that the higher the boiling point of a 
liquid, the less marked the “fatigue.” This relationship is confirmed by 
the large value of 1 — rt for ammonia above mentioned. 

The factors m (Table V), give an approximate measure of the heat effect 
for each gas, as the exponent « is so nearly unity and relatively so con¬ 
stant. It varies more widely than »; namely from 0.737 for ethyl iodide 
to 0.944 for ethyl formate. There is a noticeable tendency for m to be 
* large when » is small. This is particularly apparent when the value for 
ammonia is considered. 

To obtain an exact measure of the heat effect of a given gas, we may 
compute the value for h of some particular value of *. Selecting % =* 
44.6, which is about the middle of our range, and which corresponds to 
1 Chappuis, Am. Pkysik., 19, at (1883). 
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one mol of gas per 500 g. of charcoal, and multiplying by 500, we obtain 
the values in the fifth column of Table V, which are the molecular heats 
of adsorption on 500 g. of this charcoal expressed in 15 0 kilogram calories. 



t * 

Fig 5 —Relation between (1 — n) and the boilmg point 
Solid Une“(i — «), broken line =* boiling point 


The relatively small variation in the molecular heats of adsorption 
js noteworthy and would indicate some sort of compensating effect be¬ 
tween the various factors on which the heat of adsorption depends 


1.2 H 14 1.5 16 17 is iy 20 21 22 



log x 

Pig. 6 —Comparison of active and inactive charcoal. 
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The behavior of the inactive as compared with the active charcoal 
can be seen from examination of curves in Fig. 6 and the results collected 
in Table VII. 


Table VII —Comparison of Active and Inactive Charcoal. 

m n 



Active 

Inactive 

Acttse 

Inactive 

CCb 

0 »9J 

0 841 

(1 

O 930 

CH.OH 

0 742 

0 754 

0 

0 938 

C.H. 

0 774 

0 824 

O <*•> 9 

0 


It can be seen that so far as n is concerned there is scarcely any dif¬ 
ference between the 2 charcoals; m is slightly smaller for carbon tetra¬ 
chloride and somewhat larger for methyl alcohol and benzene It will 
be noted that with benzene and carbon tetrachloride the pressure is 
much higher for the same amount of adsorption on the inactive charcoal, 
indicating a considerably lesser adsorptive power. With methyl alcohol 
there is little difference in this respect between the 2 charcoals. 

All told, the heat values for the inactive charcoal agree quite closely 
with those of the active charcoal, particularly as regards the “fatigue” 
term. 

The Net Heat of Adsorption. 

The process of the adsorption of a gas can be pictured as taking place 
in 2 steps; first, the compression of the gas to such a point that lique¬ 
faction ensues, and second a further compression of this liquid by the 
adhesive forces of the adsorbent. The observed heat of adsorption will 
then he made up of 2 quantities, the latent heat of vaporization of the 
liquid, and what may be called the net heat of adsorption. 

This is evidently nearly the same as the heat of wetting—and is pre¬ 
cisely identical with it at the saturation pressure of the liquid. Since 
the latent heats of vaporization of these liquids are either known directly 
or can be calculated with accuracy from their known vapor pressure curves, 
the net heats of adsorption can readily be calculated from the observed 
heats of adsorption. The results thus obtained are given in Table VIII; 
the numbers in Col 2 representing the molecular heats of adsorption 
when one cc. of the liquid is adsorbed per 10 g. of charcoal, those in Col. 
3 the molecular heats of vaporization, and those in Col. 4 the net heats of 
adsorption under the same conditions. 

It is evident from these figures that in general the net heats of adsorption 
1 are approximately of the same magnitude as the latent heats of vaporiza¬ 
tion, They vary from a third as much in the ease of methyl alcohol to a 
third more in the case of ethyl ether. 

With these facts before us we can now understand the regularity above- 
mentioned connecting 1 — n and the boiling points. Since the latent 
beats will, of course, exhibit no “fatigue,’* the greater the latent heats, 
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Other things being equal, the less the fatigue. Since the net heats of 
adsorption do not as a matter of fact show any regular variation with the 
boiling points, and since high boiling liquids have high latent heats, 
these should in general show less fatigue and will, therefore, give smaller 
values of i — n, as was found*to be the case. 

Table VIII.—Relation Between Heats of Adsorption and Heats 
of Compression. 


Column I, 

2. 

3. 

4 . 

5 

6 

7 

8. 

9 


A. 



<*.<?> 

( — ) 

Col 5 
Col 6 

O 

Col 5 

csn 


0 

*0 

1 cc 

1 cc. 

X 

1 cc. 

X 

Gas 

K. cal. 

K. cid. 

K cal. 

K cal 

cal. 

1000 at. 

cal. 

1000 «t. 

CrfhCi. .. . 

12 33 

6.22* 

6.11 

0 0864 

0 0101 

8 5 

O.OO 314 

27 3 

cs.. 

12 63 

6.83 

3 80 

O 0991 

O OO73 

13 5 

0 00326 

30 2 

CH.OH. 

12.95 

933 

3 6a 

0 0908 

0 0076 

12 O 

0. OO312 

28 9 

C«H s Br... . 

14 33 

6 85* 

7 48 

O 1020 

0 0086 

11 9 

O OO349 

29 2 

CiHJ. 

14 25 

7 8i* 

6 44 

0 081S 

0 0074 

H .O 

O OO312 

26 1 

CHC1, .... 

14 93 

8 00 

6 93 

0 0875 

O OO7I 

12 3 

A 


HCOOC»H,.. 

«s 42 

8 38 

7 04 

O 0901 

0 0087 

10 3 



C*H.. 

15 17 

7 .81 

7 36 

0 08 so 

O OO74 

II 5 



C.H.OH .... 

14 98 

10 6j 

4 33 

O O768 

0 0066 

11 6 

O .00269 

28.2 

CC1,. 

16 09 

8 00 

8 09 

0 0856 

0 0076 

u 3 



(C,H,),0... . 

16 09 

6 90 

9.19 

0 0803 

0 0097 

8 3 

O OO298 

26 9 


Average 



0.0877 


II I 


28 I 


Mean deviation 


+7 4% 


•*>io% 


*4% 


* Computed from vapor pressure data. 


Another interesting regularity appears when the net heats of adsorption 
per cc. of liquid are compared. These values, obtained by dividing the 
net molecular heat of adsorption by the molecular volume of the liquid 
at o°, are given in Col. 5 of Table VIII. It can be seen that they are all 
very nearly identical, the average deviation from the mean (0.0877) 
being but 7.4%. 

Additional evidence on this point can be obtained from the measure¬ 
ments of the heat of adsorption of ammonia and carbon dioxide on char¬ 
coal at aero degrees made by Titoff. 1 Plotting his somewhat irregular 
results for the heat evolved per cc. as a function of the volume adsorbed 
and taking data for the densities and latent heats at this temperature 
from theLandolt-Bbmstein Tabellen, the values given in the second column 
of Table Villa, for the heat of adsorption per cc. of liquid on 10 g. of char¬ 
coal are obtained. 


Table Villa. 


A. 



per cc. 

Q 

J cc, 

kg. c*L 

kg. owl 

kg. cal. 

0.138 

O.052 

O.086 

O.293 

0.187 

0.103 


1 Z. phytii. Chm ., 74, 641 (1910). 
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It can be seen that the values of the net heats of adsorption per cc. 
(Col. 4, Table Villa), agree very closely with the average value which We 
obtained (0.0877). 

This is a very illuminating fact. It indicates that the heat of adsorption 
is indeed due to the attractive forces of the charcoal upon the liquid, 
and that for a given volume of liquid, that is for a given volume of filled 
capillary space, the heat liberated is identical or nearly so for all the 
liquids studied. 

If this net heat of adsorption does result from the forces of attraction 
acting on the liquid, it should be possible to compute from the known 
heats of compression how great this attractive force must be. The heats 
of compression of the liquids studied, in small calories per atmosphere 
per cc. of liquid at atmospheric pressure, have been calculated from the 
thermal dilatation at o° by the well-known relation 



The thermal dilatations here used were obtained by differentiating the 
series formulas given in the Landoldt-Bomstein Tabellen, or in the more 
recent "Tables Annuelles." The results are given in Table VIII, Col. 6. 
With one or two exceptions they parallel quite closely the net heats of ad¬ 
sorption. 

The quotients of the net heats of adsorption divided by the heats of 
compression should evidently represent the attractive forces acting on 
the respective liquids. These quotients are given in Col. 7, Table VIII. 
It can be seen that they are very nearly constant and of the order of 11,000 
atmospheres. This high pressure, however, indicates at once that we 
are not justified in using heats of compression at one atmosphere pressure 
in making the computation. Instead we should use the mean heats of 
compression obtained by integration over the whole pressure range cov¬ 
ered. Fortunately the heats of compression of 7 of the liquids we have 
studied have been computed by Bridgman 1 at pressures up to 12,000 
atmospheres, based on his measurements of their compressibilities. Un¬ 
fortunately, his pressure measurements were made only at 20°, 40°, 
60 0 and 80 ®; but by plotting his values for the total heat of compression 
at 12,000 atmospheres against the temperature, smooth curves are ob¬ 
tained which permit a fairly accurate extrapolation to o', These extra- 
* pointed values of the heats of compression up to 12,000 atmospheres, 
expressed in small calories per atmosphere per cc. are given in Col. 8. 
Dividing now the net heats of adsorption by these more rigorous values, 
the attractive forces listed in Col. 9 are obtained. It can be seen that they 
show an even greater constancy and this indicates that the compressive 
1 Proe. Am . Acad., 49, r (1913). 
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force exerted by the charcoal on all of these 7 very different liquids is 
identical within the experimental error. 

This computed absolute value of the attractive force is still somewhat 
too small, for in general the mean heat of compression per atmosphere Will 

-------0 00155 be somewhat smaller at 28,000 

0 105_Jl _000545 u atmospheres than at 12,000 

" / \ | atmospheres. As nearly as can 

a o. m - I..U-/7A-_00005 § * Citm ’ ated fr ° m BridRmaI, ’ S 

i f SS 7 j\ \ W 4 curve® a further correction 

I f \ 1 " from 12,000 to 28,000 would 

1 0095 T V-ooo%o 5 | 5ead to m avera g e heat of 

4 / \/\\ / I compression of about 0.0024, 

£oos>o -j —- \ - \-~y~ noo’85 1 and, therefore, to an attractive 

5 , f V" \/ ° 1,0 - f° rce °f approximately 37,000 

| 0 085 ' At—T_ ooo.>65 1 atmospheres The relative 

■3 L,(t \ values of the attractive force 

5 UHH>rc<,r~ will be but slightly altered by 

*. 0080 \ / this further refinement 

‘ A The parallelism of heats of 

n075 i:------- adsorption and of compression 

i ° | £ V. 3 a are even better seen by Fig. 7, 

V r i ^ ~ 3 J m here these quantities are rep- 

1 resented diagramatically on 

Pig 1 —Parallelism between wet heat ol adsurp- t j le same sca l e _ This evi- 

tioa and heat of compression , , , , , ... 

dence leaves but little doubt 

that the net heat of adsorption is merely a heat of compression. 

Adsorbability and Molecular Volumes. -Another very interesting regu¬ 
larity is disclosed when one compares the adsorbability of the liquids 
with their molecular \olumes in the liquid state For this purpose the 
adsorption pressures of all the liquids that have been studied have been 
plotted in Fig 8, where the pressure is represented as a function of the 
volume of gas adsorbed Evidently, the volume of gas adsorbed at a 
particular pressure, say, 20 inm, would be a measure of the relative 
adsorbability of the gases. We have represented these values plotted 
against molecular volumes, in Fig 9, from which it can be seen that there 
is marked inverse proportionality between them. In other words, for this 
class of liquids, the greater the molecular volume of a liquid the less will 
be adsorbed at any given gaseous pressure. 

The same regularity appears if we compare the adsorbabilities of am¬ 
monia and carbon dioxide as measured by Titoff 1 with their molecular 
volumes. At 20 mm pressure and zero degrees his charcoal adsorbed 
about 14 cc. of carbon dioxide and 24 cc. of ammonia, while the roolec- 
1 Z. pkystk. CHetn , 74, 641 (1910) 
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ular volumes of these gases are respectively 48 and 26.8 cc. in the liquid 
state at this temperature. 

Compared with the adsorbed volumes of the gases which we studied 
these volumes of carbon dioxide and ammonia are much smaller than 



Fig 8 —Adsorption pressures at o°. 

All the pressure measurements made are included in this figure except those for 
the very rapid run with carbon disulfide and one irregular result for methyl alcohol, 
which is shown to be very much too large by similar measurements made on a 
less active charcoal It should also be noted that the curve for ethyl ether has been 
drawn too far to the left It should have passed near to the observed point at the 
coordinates 10 and 80 

would be expected, and indicate that this relation does not hold over so wide 
a range. However, Titoff’s charcoal was certainly less active than ours, 
and the lesser volumes adsorbed may well have been due to this fact. 

Adsorbability and Net Heat 
of Adsorption.—A final and 
at first sight still more sur¬ 
prising regularity appears 
when we compare the ad- 
sorbabilities of these liquids 
with the net heats of adsorp- 8 
tion. Here again a reverse | 
relationship is disclosed; the 3 
more adsorbable gas as raeas- j. 
ured by cc. of gas or number 0 
of mols adsorbed at a given 
pressure has the lesser heat of 
adsorption. This regularity 
is also shown graphically in 
Fig. 9. This relation appears 
at first almost paradoxical, 
but on further consideration 
it can be seen to follow neces 



Fis. 0. 
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SpSy from the previous relationships that have been disclosed, and indeed 
infest as a striking confirmation of them. Thus, since one cc. of ail these 
liquids evolves practically the same net heat of adsorption, the net heats of 
adsorption per mol are directly proportional to the molecular volumes of the 
liquids. But since the molal adsorbabilities are inversely proportional to the 
molecular volumes, it follows that the adsorbabilities are inversely pro¬ 
portional to the net molal heats of adsorption. Thus, for instance, since 
one volume of ether when adsorbed contains only half as many mols as 
does one volume of carbon disulfide, and develops the same net heat of 
adsorption, then the heat of adsorption of ether, mol for mol, will be twice 
as great as that of carbon disulfide. On the other hand, since ether has the 
larger molecular volume its adsorbability will be less that of carbon disulfide. 

Nature of the Liquid Film.—The above-mentioned observation that 
the heats of adsorption vary so slightly with the amount adsorbed over 
the whole range, and the fact that the net heats of adsorption follow so 
dosely the heats of compression characteristic of the various liquids 
ew masse, both indicate that the adsorbed liquids are present in films 
many molecules deep. A similar conclusion is reached from a consid¬ 
eration of the actual weight and volume of liquid adsorbed as compared 
with the probable area of the capillary surface. Thus, the largest amount 
of gas whose heat of adsorption was measured was in the case of carbon 
disulfide, of which 153 cc. was adsorbed on one g. of charcoal. This 
corresponds to 0.4 cc. of liquid carbon disulfide at atmospheric pressure 
and to about 0.25 cc. under a pressure of 37,000 atmospheres. Even 
with this amount of gas adsorbed the saturation pressure of liquid carbon 
disulfide was not reached. Hulett 1 has found that this active charcoal 
with a “block” density of about r.07 has a capillary volume of about 
0.42 cc. Evidently the carbon disulfide filled most of the capillary space. 
Hulett 8 has estimated that the capillary area of this active charcoal is 
n,o greater than 200 square meters per gram Taking it as 100 square 
meters and assuming that the thickness of a molecular layer is i X 10“* 
cm., then the above amount of carbon disulfide if spread over the whole 
surface would have given a layer 40 molecules deep. The smallest volume 
cat which observations were made was in the case of ethyl alcohol, where 
the heat of adsorption of 3.62 cc. was measured. This corresponds to a 
volante of 0.01 cc. of liquid alcohol or to a layer about one molecule thick. 

Finally, in support of this point of view there is the evidence presented 
hy Quincke* that the molecular sphere of action of silver has a radius 
of 6 X to" 4 cm. and would, therefore, extend far beyond the thickest 
Sims above mentioned. 

1 Tars Josnuun, 4a, 391 (1920). 

* toe. cit. 

•Fogg. Aim., *37,402 (1869). 
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The only fact that apparently conflicts with the above interpretation 
is the greatly reduced vapor pressure exhibited by the liquid adsorbed 
upon the charcoal surfaces. If this liquid is under as great a pressure as 
we have computed, one might at first glance expect its vapor pressure to be 
considerably increased. But this pressure is not an imbalanced one; 
it is not applied solely to the liquid phase, but exerts its effect upon the 
escaping gaseous molecules as well. As a result it can have no tendency 
to increase the vapor pressure of the liquid phase, and indeed its net 
effect must be to lessen the vapor pressure of the liquid film, at least until 
this film extends beyond the limit of its sphere of action. 

Summary. 

1. Measurements of the heat of adsorption of the vapors of some 11 
organic liquids upon charcoal at 0° have been made over a considerable 
range. The resulting values have been shown to be reproducible and in¬ 
dependent of the rate of the adsorption of the vapor and of the previous 
history of the charcoal. 

2. The heats of adsorption of all of these vapors can be represented 
very precisely as functions of the amount adsorbed by the expression 
h = mx", where h represents the heat of adsorption per normal cc. of 
vapor, x the number of cc. of vapor adsorbed, and m and « constants 
characteristic of each vapor. 

3. The constant « in the above equation has been found to be very 
nearly unity. The heat of adsorption, therefore, decreases but slightly 
with increasing amount of adsorption. In other words, there is but 
slight evidence of "fatigue” in the adsorptive forces. 

4. It has been shown that this decrease (represented by 1 — «) is 
antibat to the boiling points of the liquids; that is, the liquids with rela¬ 
tively high boiling points exhibit a small value of 1 — n and hence a 
slight fatigue. This is due to the fact that such liquids have high latent 
heats of vaporization. 

5. m also varies relatively little from vapor to vapor In general 
m and » tend to vary in opposite directions. In agreement with this the 
actual molal heats of adsorption of the various liquids measured are not 
very different, varying between 12.0 cals, for ethyl chloride and 15.5 
cals, for carbon tetrachloride. 

6. The heats of adsorption of these vapors are very nearly the same on 
inactive as on active charcoal of the same kind. 

> 7. Vapors containing halogens appear to react with the charcoal when 

wanned, so as to decrease the heat evolved by any subsequent adsorption 
of gas, without, however, affecting greatly the fatigue effect. 

8. The net heats of adsorption, that is the heats evolved above those 
corresponding to the latent heats of vaporization, are approximately of 
the same magnitude as the latent heats of vaporization. 
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^ The net heats of adsorption per cc. of liquid are very nearly identical 
for -all the liquids studied. 

to. Hie net heats of adsorption are closely proportional to the heats 
of compression under high pressure. This indicates that the liquids are 
all attracted by the charcoal with substantially the same force—and that 
the net heat of adsorption is merely a heat of compression. The ab¬ 
solute value of this attractive force appears to be about 37,000 atmos¬ 
pheres where 1 cc. of liquid is adsorbed on to g. of charcoal. 

rx. The molar adsorbability, that is the number of cc. of gas adsorbed 
at a fixed gaseous pressure (20 mm.), is inversely proportional to the 
molecular volume of the liquid. 

13, The molar adsorbability is inversely proportional to the net molar 
heat of adsorption. This, at first sight, surprising behavior is shown to 
follow necessarily from the previously mentioned regularities. 

13. It is shown that all the above evidence indicates that the liquid 
films we have studied are all at least one and usually very many mole¬ 
cules thick, and this is confirmed by a consideration of the actual volume 
occupied by the liquid and the approximately known capillary volume and 
surface of the charcoal. 

Washington, D C 


HEW DETERMINATION OF THE ABSOLUTE VALUE OF THE 
RADIUM : URANIUM RATIO.' 

By S C Lind and L. D Roberts 

Received March 27, 1920 

r. Historical. 

The value of the radium : uranium ratio, first determined by Ruther¬ 
ford and Bolt wood 2 in uraninite from North Carolina, was originally 
reported as 7 4 X io -7 . The following year it was found* that a serious 
error had been made in the value of the radium standard solution, caused 
by partial precipitation of the radium. Accordingly, the value of the 
ratio was changed to 3 8 X io“ T . A little later, Boltwood* redetermined 
the uranium content of the standard uraninite, which lowered the value 
still further to 3.4 X to -7 . This remained the accepted value for several 
years. 

After the International radium standard was adopted in 1910, Ruther¬ 
ford* made a comparison with his previously used radium standard, 

1 Published with the permission of the Director of the IT, S Bureau of Mines 
under the coSperative agreement with the Colorado School of Mines. 

* Rutherford and Boltwood, Am J. Sci , [4] ao, 55-S (1905). 

* Rutherford andBdltwood, ibid, 13, 1 <1906). 

‘Boltwood, ibid., I4) 25, 296 (1908). 

* Rutherford, PM. Mag , [6) 28,320-7 (1914). 
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which indicated a change from 3 4 to 3.23 X io -7 for the radium : 
uranium ratio. 

In 1913 Heimann and Marckwald 1 examined 8 specimens of pitch¬ 
blende from the principal uranium deposits of the world and found the 
ratio to be constant within o 4% and reported the absolute value as 
3.328X to" 7 . Their radium solution was made from 4.85 mg. of 
radium chloride of 30% purity, obtained from the Institut f. Radium- 
forschung in Vienna. 

In 1915 Becker and Jannaseh 2 determined the ratio in selected Austrian 
pitchblende which was analyzed with great care, not only for uranium, 
but for all the other elements present Their standard radium solutions 
were prepared from 2 portions of radium cliloride containing 2.144 And 
2.249 mg. of radium element, respectively, which were also obtained 
from the Radium Institute in Vienna. The solutions were prepared with 
due regard for the protection of radium in solution by the addition of 
barium and of hydrochloric acid. The values reported by Becker and 
Jannaseh were “3 383 X >0 7 ± t xf' r for the solution method, and 
3.415 X 10" 7 0.7% for the fusion method” of treating the pitch¬ 

blende. 

Between the coirected Rutherford value (3.23 X 10' 7 ) and that of 
Becker and Jannaseh, there is a discrepancy of about 5.5%, and about 
2% between the value of Heimann and Marckwald and that of Becker 
and Jannaseh. It, therefore, appeared very desirable to redetermine this 
important constant which has not only great theoretical but also much 
practical interest, since pitchblende is very commonly used in standard¬ 
izing emanation electroscopes for the determination of radium by the 
emanation method. . 

For example, if the radium determinations for plant control in the pro¬ 
duction of radium were being carried on by means of electroscopes stand¬ 
ardized with analyzed pitchblende, the value of the radium: uranium 
ratio would have a direct influence on the accuracy of the results. If all 
the measurements were based on this ratio, they might all be relatively 
correct among themselves, but absolutely in error by the amount of error 
in the ratio. Usually, however, radium is withdrawn from the crystal¬ 
lizing system and measured by the 7-ray method, which is independent 
of the radium: uranium ratio since it depends solely on the International 
standard. It will, therefore, be seen that if the radium were being meas¬ 
ured into such a system by means of the ratio amd taken out by the 7-ray 
measurement, an accumulative discrepancy would be produced between 
the real and the apparent radium content of the crystallizing system, 
which in time would become a very large one. 

1 Heimann and Marckwald, Jahrb. Radioakl. FMklronik., io, 299-323 (1913). 

* Bcdcer and Jannaseh, ibid., u, 1-34 (1913). 



S. C. LIND AND L. D. ROBERTS. 


3. Sources of Error. 

Briefly, the sources of error may be summarized as follows, 

1. As regards the radium standard solution, accurate results could not 
be obtained until the careful atomic weight work of Hoenigscbmid and 
Mme. Curie had opened the way to the establishment of a correct radium 
standard. Even then, the small quantities of radium that had usually 
been available for determining the ratio have rendered an exact knowledge 
of the radium content of the standard solutions fairly doubtful. A y-ray 
measurement of rather small quantities of radium sometimes had to be 
followed by the weighing out of still smaller quantities of radium salt, 
which is rather hygroscopic. 

2. As regards the radium solution prepared from the standard salt, 
there arises the difficulty of maintaining all the radium in solution. This 
was extremely difficult before the protective action of an excess of barium 
and add was thoroughly understood. If partial predpitation occurs, the 
solution does not yield its full quantity of emanation. It has now been 
demonstrated 1 that radium is retained in a properly protected solution. 
With respect to pitchblende, the difficulty of keeping radium in solution 
is enhanced by the sulfur impurities in the ore. This disadvantage is 
encountered only when the pitchblende is dissolved and stored for the 
accumulation of emanation. 

3. The difficulty of the correct analytical determination of uranium 
is not inconsiderable, as has been dearly shown by Becker and Jannasch.* 

4. The difficulties of the electroscopic determination of radium emana¬ 
tion have also to be contended with. Owing to the nature of the instru¬ 
ment, a rather large number of repetitions of each determination is neces¬ 
sary to insure any degree of predsion. 

3. Experimental Procedure. 

A. Preparation of a Radium Standard Solution. — One of the portions 
of radium salt prepared from Colorado carnotite by the U. S. Bureau of 
Mines' consisted of a tube of anhydrous radium chloride of a total salt 
content of 0.2067 g- Comparison by the y-ray method with the Inter¬ 
national standard of the U. S. Bureau of Standards showed a content of 
radium element of 157.3 mg. Since the salt was believed to be 100% 
RaClj, the radium content could also be calculated directly from its 
known weight, using Hoenigschmid’s value (226.0)* for the atomic weight 
of radium. This calculation also gives 157.3 mg. of radium, thus afford¬ 
ing an independent check of the radium content, and giving great relia* 
bility to the value. 

1 J. Moran, Trans Roy. Soc (Canada), io m , 77-84 (1916). 

* hoc. at, . 

* Bur, Mines, Bull. 104. 

* 0 . Hoenigschmld, Sitib. Akod Wits., Wien, tan, Abt. H a, 1617-5* (1911). 
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The tube was opened, and the salt content dissolved in 5% redistilled, 
sulfate-free hydrochloric add solution. The salt went completely into 
solution without any trace of cloudiness.' The tube was carefully washed 
several times with more of the 5% add and the solution was finally di¬ 
luted to one liter of acid of the same strength and thoroughly mixed. 

From this solution 10 ce containing 1 573 mg of radium element was immediately 
pipetted into 5% HC 1 and made up to one liter, to which was added about 23 mg of 
BaCli 2H1O From this solution, after thorough mixing, 10 cc containing 1 573 X 
1 o'* g of radium was immediately pipetted into a solution which was made up to one 
liter with 5% HC 1 and to which 2 g of BaCli 2H1O were added From this solution, 
alter thorough mixing, 100 cc containing 1 573 X io - * g of radium was at once 
pipetted into a solution which was made up to one liter of 5% HC 1 and 2 g of BaCW.- 
2H1O This solution, when thoroughly mixed, constituted the final standard solution, 
in which the radium was protected by one million fold of barium and s c l HC 1 

From this standard solution, 12 portions of 10 cc. each, containing 
1 - 573 X io-« g. of radium, were at once pipetted into 1 1 nitric acid solu¬ 
tion, half filling twelve 125 cc. Pyrex flasks. Four different pipets and 4 
different measuring flasks were calibrated for use in the dilutions just 
described, no vessel was used for more than one concentration of solu¬ 
tion. By having all preparations previously made, only 1.5 hours were 
consumed from the time the radium tube was opened until the 12 solu¬ 
tions were sealed up in 1 : 1 nitric acid for the accumulation of radium 
emanation, thus avoiding the possibility of precipitating radium sulfate 
by slowly dissolving sulfate from the glass vessels. 

Before the accumulation of emanation, the solutions were boiled 15 
minutes in Pyrex flasks to reduce the emanation to zero, and were then 
sealed by drawing out the neck of the Pyrex flask in an oxygen-gas flame 
so that a connection could be later made with rubber tubing, enabling the 
breaking of the glass tips under the rubber connection. This practice 
precluded the possibility of loss of emanation by leakage. By this pro¬ 
cedure, it is believed that all errors, mentioned under Sections 1 and 3 
above, were practically eliminated. The emanation was allowed to ac¬ 
cumulate for various periods from 5 to 10 days before boiling off for the 
etectroscopic determination. 

B. Analysis of Pitchblende.—The standard pitchblende used was 
selected Colorado pitchblende, as homogenous and free from sulfur as 
possible. The sulfur content was not determined, since the method em¬ 
ployed of directly dissolving the pitchblende, instead of storing the solu¬ 
tion, renders the presence of sulfur far less objectionable than when 
the pitchblende is allowed to stand in solution for the accumulation of 
radium emanation. The pitchblende was ground to pass 200 mesh. Its 

1 Since this portion of radium chloride had been prepared about 2 yean previous 
to its opening, it was interesting to note that 100% RaCh is not rendered insoluble 
In add fay its own radiations. 
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power was determined by the Boltwood method 1 of storing 
for Onemonth in a dosed tube and then drawing air slowly over it into 
tike electroscope chamber. The emanating power, or per cent., of emana¬ 
tion spontaneously diffusing from the ground sample, was found to be 
5.65% of the total possible. 

The uranium content was determined by the Ledoux method, which 
has been in use for several years at the U. S. Bureau of Mines, and has 
been described as applied to earnotites by Lind and Whittemore. 1 Such 
parts of the procedure as referred to the separation of vanadium were 
omitted in the case of pitchblende. The gravimetric determination of 
the UiOs from i g. of pitchblende gave a value of o 7796 g, which, 
using the Hoenigschmtd value 3 for the atomic weight of uranium (23S 2), 
is equivalent to 0.6612 g. of uranium per gram of pitchblende. 

C. Treatment of Pitchblende for the Radium Determination.— 
40 to 50 milligrams was carefully weighed on an assay balance and removed 
from the pan into a small (7 cm.) quantitative filter paper. The pan was 
deaased with a small piece of the same paper which was included in the 
determination. The determination was then carried out as described by 
Lind.* Twenty determinations of the emanation content were carried 
out in 3 different emanation chambers with 2 different electroscope heads 
(see Section E), in order to obtain a precise average result 

D. Treatment of die Radium Standard Solutions.—After the 12 
solutions had accumulated emanation for periods of 5 to 10 days, they were 
connected to the emanation collecting apparatus just as in the case of 
pitchblende. After breaking the tips under rubber connection, the solu¬ 
tions were boiled off in the same manner. The gas was then transferred 
into the electroscope emanation chamber, where it was allowed to stand 
until equilibrium was attained with induced activity. 

B. The Electroscopic Measurements.--The "interchangeable head” 
type of electroscope employed by the Bureau of Mines was used. 3 Three 
chambers and two interchangeable heads were used; each combination 
being standardized by at least 3 determinations, both with pitchblende 
and with a radium standard solution The latest types of the instru¬ 
ments were employed.* 

The only further precaution concerns the {measure and temperature of 
the air in the electroscope chamber at the time of "measurement. After 
introducing the emanation into the chamber, a slight vacuum was left 
daring the 3-hour period of accumulating induced activity. This served 
j, 1 B. B. Boltwood, Phil 5^ (1905), 

> ■* This JooaNAn, j6, 2076 (i 9 , 4 ) 

3 0. Roenjgschmid, Z. Eleklrochm , ao, 452 (1014) 

*$- C. Lind, J. Ini En S Cbm., 7,1024 (1913) 

* S. C. Lhid, Vrii., 7, 406 (19,5) ; modified form, ibid., la, 469 (1920) 

* Lot. tit. 
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the doable purpose of avoiding the possibility of any outward leak, and 
also of permitting some regulation of the external room temperature at 
the time of final equalization of pressure to the prevailing barometric 
pressure. At this elevation the average of pressure is about 620 mm. 
Therefore, 620 mm. and 20 0 were chosen as normal conditions. Any de¬ 
parture of the barometric pressure from 620 was compensated as far as 
possible by a corresponding regulation of room temperature so as to avoid 
correction. The nature of the correction for electroscopes of one-half 
liter gas capacity can hardly be linear, but, apparently from comparison 
of results of O. C. Lester 1 for larger chambers and lower pressures, would 
not be far from direct proportionality; so that such small corrections as 
have been applied (average o 6%; maximum 1 5%) were made linearly, 
doubtless improving the results even though some slight over-compensa¬ 
tion may have resulted 

The natural leaks which were subtracted from the electrical discharge 
were the results of actual blanks carried out with all the reagents, except 
radium, just as in the determination. They exceeded the usual natural 
leaks of the instruments themselves by about two-fold; but even then 
constituted corrections on the rate of discharge of only o 4 to 1 0%, 
which remained quite constant. 

4. Experimental Results. 

The 3 electroscope chambers used were designated I, II and III; the 2 
interchangeable heads, A and B. By reading each chamber with each 
head, 6 combinations were obtained - A I( Bj, A n , Bn, Am and B in . 
.Standardization of each combination in terms of gTams of radium X io~* 

for a discharge of 1 ^ lvr ~ was established bv 3 or 4 determinations each with 
1 sec. 

standard pitchblende and with the radium standard solution. The provi¬ 
sional ratio used for pitchblende was the Heimann and Marckwald value, 
3.328 X 10 correction for the emanating power of the pitchblende 
was, of course, applied. The results are shown in Table I. 

The results indicate that the Heimann and Marckwald value (3.328 X 
io~’) is low by 2 i ( / c . Multiplying it by the value, 1 021, gives as the 
final radium : uranium ratio of these determinations 3 40 X io“ 7 =*= 
0.03. This value is in spendid agreement with those of Becker and 
Jannasch (“3.383 * 1% and 3.415 =*= 0.7%;" average 3 399 X io~ 7 ), 
and indicates that the old Rutherford and Boltwood value, 3 4 X io~ 7 
is correct to within less than 1%. 

It is assumed that the relative constancy of the radium : uranium 
ratio for different pitchblendes has already been thoroughly established by 
Heimann and Marckwald.* Lind and Whittemore* have also shown that 
’ O. C. Lester, Am J Set , 44, 225 (1917) 

* Loc. oil. 
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' foff ftMBC ratio holds for camotite when the sample represents sufficiently 
la rge quantities of the ore to compensate local concentration. 

Taels I. 

i div. 

Values Refer to Radium in g, X io~ 8 for a Discharge of ■ 


i sec. 


Electroscope. 


Rb 

solution. 


Aver- 

•Be. 


Pitch¬ 

blende. 


Aver¬ 

age. 

7-994 


Relative 

ratio. 


7.698 

Bit. 7501 

7.628 


8.175 7.989 

A,. 8.042 8.099 7 980 101.3 

S.oSj 8.0:3 

7-536 7.300 

Bi. 7 649 7 600 7.357 7-329 103 7 

7614 7.330 

8.063 8.021 

An. 8.104 8.112 8 030 8 053 100 7 

8.168 8.063 

8.097 
7-391 

7609 7.326 7.336 103.7 

7 348 
7.278 

S . 7 J 7 8.106 

Am. 8254 8228 8.179 8.125 301.3 

8.299 8.091 

7.544 7.485 

Bm. 7.637 7-591 7.432 7 442 

7 593 7409 

Note. —The question has recently been raised whether duplicate emanation 
chambers could be practically constructed so as to have identical calibration constants 
hi order to avoid the necessity of calibrating more than one chamber. Some interesting 
light is thrown on this subject by comparing the results of Table I. The chambers 
were used as furnished by the makers; no especial efforts having been made to have 
them exactly identical. It will be seen that Chambers I and II have identical con¬ 
stants within the limits of experimental error, as indicated by the results for both 
heads A and B. Chamber III shows a small apparently real deviation. These results 
indicate that with a small amount of care on the part of the maker, chambers can be 
duplicated which will have identical constants for all ordinary purposes. 


102 .0 

Final average 102.1 * 1% 


5. Summary. 

1. A standard radium solution was prepared by dissolving in one liter 
of 5% redistilled hydrochloric acid, 0.2067 g. of'100% radium chloride 
containing 157.3 mg. of radium element, as shown both by calculation 
from the chemical formula and by the 7-ray comparison of the U. S. 
Bureau of Standards with the International radium standard. The clear 
eolation, was diluted with 5% hydrochloric acid until one liter contained 
t .573 X 10-* g. of radium, protected by one-million fold of barium 
e&toride. 

2* The standard radium solution was used to standardize by the Bureau 
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of Mines method 3 electroscope chambers, each of which was measured 
with 2 interchangeable leaf chambers. 

3. The same chambers and heads were standardized against U. S. 
Bureau of Mines standard pitchblende from Colorado. 

4. The results give as final average of 18 determinations 3 40 X 10 ~ 7 at 
0.03 for the ratio radium : uranium. The result agrees with the aver¬ 
age of Becker and Jannasch, 3 399 X io~ 7 obtained at the Radiological 
Institute at Heidelberg, using standard radium salt from the Institute of 
Radium Research in Vienna, and with the old uncorrected value 3.4 X 
io~ 7 of Rutherford and Boltwood. 

The writers express with pleasure their indebtedness to Messrs. J. P. 
Bonardi and J. E. Conley for their kindness in recrystallizing the 100% 
radium bromide from which the pure radium chloride was prepared, and 
also to Dr. N. E- Dorsey, of the U. S Bureau of Standards, for making 
the y-ray comparison with the International standard. 

Qoumix, Colokapo. 


[Contribution from the Bureau or Standards, U S Department of 
Commerce ] 

A WEIGHT BURET FOR GAS ANALYSIS.' 

By E R Weaver and P G Ledig 

Received April 3 1920. 

The use of a weighing method for making gas measurements was sug¬ 
gested by the great advantages of a weight buret for liquids over the older 
volumetric burets. The apparatus here described was designed primarily 
for use in a forthcoming study of gas-aaalysis methods; but it appears 
to have sufficient application, for any gas volumetric measurements re¬ 
quiring greater precision than is easily obtainable with an ordinary gas 
buret, to warrant publication at this time. A description of the appa¬ 
ratus and its method of use will first be given; then the reasons for various 
details of construction will be considered; the principal sources of error 
will be pointed out; and finally some typical experimental results which 
show the precision obtainable will be given. 

Description and Method of Use. 

For the sake of dearness, the apparatus is represented in Fig. i, as 
though constructed in a single plane. Actually, the tubes and bulbs 
, may be arranged in any convenient maimer, if the relative levels of the 
different parts are kept approximately as shown. In the apparatus con¬ 
structed all the parts which had to be water-jacketed, fitted neatly into a 
round battery jar of about twice the diameter of Bulb A. 

By means of connections to vacuum and air pressure, which are sup- 
* Published by permission of the Director of the Bureau of Standards. 
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plied by a small motor-driven pump, mercury may be drawn into or forced 
•out of Bulbs B or D through Stopcocks c and s When the apparatus is 
ready for use, Bulb A and Tubes i, 3, 4 and 5 are completely filled with 
mercury, which also fills Tube 6 nearly up to the contact point p'. When, 
as is usually the case, the gas is to be measured saturated with water vapor, 
a drop of water is included in the compensator C, and a little water is al¬ 
lowed to wet the walls of the buret 



Fig. i. 


The method of making a gas measurement is as follows. With Stop¬ 
cock / open, the level of the mercury in Tube 6 is carefully adjusted to 
exactly dose the contact at p' by running in mercury from D. Stop- 
eocfcs/ and g are then closed, confining a fixed volume of gas in the com¬ 
pensator C. The measuring Bulb A is now connected through a with the 
vessel containing the gas to be measured and mercury is withdrawn into 
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D Until the surface of separation of the gas and the confining liquid in 
the buret reaches the mark M. Stopcock c is now closed; Stopcock e 
is turned to Connect A and B and the gas is drawn into A, the mercury 
displaced flowing into B. The surface of separation between the gas 
and the confining liquid following the gas is stopped just at mark M by 
closing Stopcock a. The volume of mercury in B is now exactly equal to 
the volume of gas in A; it remains to run mercury from B to A until the 
pressure of the gas in A is adjusted to equal that in the compensator C. 
Mercury is first drawn into B through Tube 4 until the contact point in 
5 is uncovered; then it is forced back until the contact is just closed as 
shown by the electric light L. The amount of mercury in the compensa¬ 
tor between points 5 and 6 is thus accurately adjusted Stopcock b is 
dosed to Tube 4 and opened to Tube 3, Stopcock / is also opened; and by 
running mercury between A and B through Tubes 1 and 3 the pressure in 
A is carefully adjusted, until the contact in 5 is again just closed, final 
adjustment always being made with a rising meniscus Assuming that 
contact-points p and p' are on the same level, the pressure of the gas in A 
is now exactly equal to that in compensator C, and its volume is exactly 
equal to the volume of the mercury in B. Stopcock e is turned to con¬ 
nect B to Tube 2 and the mercury run into a small flask in which it is 
weighed. From the weight found, the volume of the mercury, equal to 
the volume of the gas in A, is easily determined. 

The process of adjustment appears very tedious on paper, but really 
does not require much more time of an observer familiar with the ap¬ 
paratus than does the adjustment and reading of an ordinary buret using 
a Peterson compensator. Bulb D is merely a mercury reservoir into which 
mercury' can be introduced at will through Funnel E When the gas is 
to be transferred from A to an absorbing pipet or other container. Stop¬ 
cock / is closed, Tube 5 is filled with mercury run from D through Tube 
4 and finally the entire volume of gas in A is displaced with mercury in¬ 
troduced from D through Tube 3. 

Merits of the Apparatus. 

The apparatus has the following advantages. 

1. The measurement of the actual volume of gas is very accurate, the 
probable error being ordinarily much less than the probable error in mak¬ 
ing the pressure adjustment. This measurement is independent of the 
condition of the meniscus, of whether water or other liquid is present on 
i top of the mercury, of drainage, and of drops of liquid sticking to the 
walls of the measuring vessel. 

a* Small volumes are measured directly and with great accuracy; a 
pressure correction is of course necessary when the volume is less than 
that of the tubes between Mark M and contact-point p. 

3* The observer can form no idea what his results will be until he has 
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!*Wfejgbed the mercury. If a proper balance Is used this final measurement 
fe not subject to an appreciable observational error, consequently the 
observer is entirely unbiased by any notion of what the result should be. 

4. The reading does not depend in any way upon the reading of a grad¬ 
uated scale and is, therefore, free from errors of calibration and errors 
due to parallax. 

5. The apparatus is short and compact; the changes of mercury level, 
being small, are easily made by means of air-pressure adjustments; and 
the difficulty of reading a long vertical scale is eliminated. 

6. The apparatus is easily jacketed in a jar of convenient size and shape. 
No connection goes through the jacket, which can be removed at once for 
cleaning or repairing the apparatus; this also eliminates any difficulty in 
making the jacket water-tight. 

7. The apparatus, if properly constructed, can be completely drained 
of mercury and filled with a cleaning solution without disturbing any of 
the connections. 

8. The gas to be measured is never in contact with a stopcock, rubber 
tube, or other possible source of leakage except while being transferred 
through Stopcock A, and it is easy to avoid excessive pressures either 
at»ove or below atmospheric when making this "transfer. 

9. The gas is always completely expelled from the buret when it is trans¬ 
ferred to a pipet or other container. This eliminates one of the principal 
disadvantages of the familiar Peterson compensator in which there is a 
considerable residual volume of gas which can be transferred only by 
tedious and careful manipulation, and at the risk of spoiling the com¬ 
pensation by running mercury from the compensator into the buret. 

10. The surface of the mercury at p, can always be made fresh by 
forcing mercury into A through Tube 4, and that without transferring 
the gas sample or affecting the filling of the compensator. This is very 
important where an electrical contact is used in adjusting the com¬ 
pensator and would be of value even if the mercury in the compensator 
were adjusted to a line on the glass. 

11. There are no rubber connections to foul the mercury or to give 
trouble in other ways. 

12. The apparatus may be made of any desired capacity without loss 
°f accuracy, and no facilities for graduating it are required as in the case 
of a special volumetric buret 

Detail* of Design. 

In general, the dimensions and other details of construction of the 
apparatus are determined only by convenience and have little to do 
with the accuracy of the measurement The platinum points p and p' 
wust be on very nearly the same level, otherwise an error results in the 
compensation for changes of temperature, amounting to about one part 
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in 20,000 of the volume measured per degree change in temperature per 
millimeter difference in levels Obviously it is not difficult to so adjust 
the levels of these points that this correction will be negligible under 
ordinary conditions. 

Experiments which need not be described here were made to deter¬ 
mine the relative accuracy and convenience of adjusting the mercury 
surface in the compensator to a line, adjusting to make visible contact 
with a glass or metal point, and adjusting to make electrical contact as 
proposed by Gregg. 1 It was found that the last mentioned method gen¬ 
erally gave the greatest accuracy and was by far the most convenient 
This method was, therefore, adopted, practically the only objection to 
it is the possibility of a little dirt such as a particle of stopcock grease, 
adhering to the platinum point and changing the height at which the 
mercury meniscus makes contact. 

The approximate diameter of the enlarged portions of Tubes 5 and 6 
required to give minimum error was also determined experimentally; 
the point is hardly of sufficient importance to justify a description of the 
several methods employed. It is sufficient to state that it was found that 
the minimum average error occurred with tubes having diameters from 
8.5 to 13 mm., there being little difference over this range. The average 
error was much greater with tubes of much smaller diameter because of 
the tendency of the mercury to stick to the walls, tubes larger than 13 
mm. gave increasing errors because of the effect of any error m adjusting 
the levels, upon the relative volumes of compensator and buret. A diame¬ 
ter of one cm. was chosen for these tubes and appears to be about right 
for a measuring vessel of not over 150 cc. capacity. 

A large compensator-volume is, of course, favorable to accurate results 
because any error in adjusting mercury levels makes less relative differ¬ 
ence in the volume of gas confined; but the advantage of making it larger 
than 25 cc. is not great. In order to accommodate all necessary parts 
within the jar selected for a water jacket, the compensator actually con¬ 
structed has a volume of about 35 cc 

The apparatus for supplying positive and negative pressure is shown 
diagrammatically in Fig. 2, which is practically self-explanatory 

Sources of Error. 

It is not proposed to thermostat the apparatus because, with the dbanges 
of temperature occurring in the ordinary use of the instrument, the errors 
' in compensation due to temperature change are less than the accidental 
errors of pressure adjustment. With the apparatus as now constructed 
the following remaining sources of error may be mentioned. 

1. Errors in setting the meniscus to the mark M on the inlet capillary. 
This error enters twice into every measurement. 

* J. Ini. Eng. Chm , 9, 5*8 (1917). 
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2. JJrrors due to incorrect adjustment of the mercury levels. Since 
there are 3 adjustments, there are 3 chances of making this class of er¬ 
rors These errors are due to (1) sticking of the mercury to the waits 
of the tubes,—probably the most important source of error involved in 
the whole method of measurement; (2) failure of the mercury to make 
instant contact with the platinum point because of a film of dirt on mer¬ 
cury or platinum; (3) 
the effect of impurities 
upon the surface tension 
of the mercury and the 
height of the meniscus; 
(4) running past the 
point of contact, the 
amount of the error de¬ 
pending upon the speed 
of flow of the mercury, 
the time required for the. 
immature lamp to come 
to incandescence, and 
the reaction time of the 
observer. Errors in ad¬ 
justing the mercury 
levels affect the meas- 
urunent in 3 ways, (a) 
by destroying the 

equality of pressure betw een the compensator and measuring bulb, (6) 
by changing the volume of the compensator, and (r) by including in the 
compensating tube mercury which should have been run into B and 
weighed, or ncc versa If exactly the same procedure is always employed, 
these errors of adjustment are likely to be very' nearly the same in sue 
cessive measurements and, therefore, tend to cancel out when the measure¬ 
ments are compared 

3. Errors in collecting the mercury because of small drops adhering to 
the glass, small gas bubbles trapped in Tubes 1 and 3 which vary'm sire 
with variations of static pressure, and errors of weighing 

4. Errors due to changes of temperature of the system as a whole 
Since comparative measurements only are wanted in most work, no error 
of this dass occurs if the temperature is the same when each of the measure¬ 
ments is made These include (1) change m the density of the mercury be¬ 
cause of thermal expansion; (2) change m the volume of the compensator 
because of tile thermal expansion of the glass; (3) change in the relative 
pressures in measuring bulb and compensator due to differences in the 
levels of f and p', (4) errors due to differences in the coefficients of ex- 
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pension of the gas in compensator and measuring bulb when the composi¬ 
tion of the two is not the same, The first 2 sources of error in this group 
are easily corrected for if the temperature change is known. The fol¬ 
lowing equation applies: 

v 0 - Vj = w {t ' ~~ C » } 

d 

where V 7 , and V 0 are, respectively, the volume of the gas determined 
at <1 and the volume which would have been determined had the measure¬ 
ment been made at i a ; W is the weight of mercury observed, d is the den¬ 
sity of mercury at the temperature of measurement, and C m and C t are 
the coefficients of expansion of mercury and glass, respectively. 

5. Errors due to differences of temperature in different parts of the sys¬ 
tem. These may be (1) local temperature differences in the water bath; 
(2) a difference in temperature between the mercury in A and the water 
bath which will disappear if enough time elapses after the introduction 
of the mercury, and (3) a difference in temperature between the bath and 
the outside air which principally affects the portion of the compensating 
tube leading to Stopcock g. 

6. Errors due to the fact that the liquid unavoidably present on the 
surface of the mercury in the buret does not have the same vapor pressure 
as the water in the compensator. 

Experiments to Determine Accuracy of Measurement. 

For the purpose of determining directly the aggregate effect which may 
be expected from the many possible sources of slight error encountered, 
2 series of experiments were made. In the first series the same mass of 
gas, confined over mercury, was repeatedly measured, being entirely 
transferred to a mercury-sealed receiver between each consecutive pair 
of measurements. In the second series, a mass of gas was measured as 
a whole and was then subdivided, each portion measured Ireing discarded 
after measurement. In both cases a little pure water was used to saturate 
the gas in both buret and compensator. 

A typical series of measurements of the first class is shown in Table I, 
in which the first column gives the temperature of the water jacket, 
the second gives the weight of mercury' actually observed, the third gives 
the weight of mercury corrected only for thermal expansion as described 
above, the fourth gives the volume of gas computed from the corrected 
t weight of mercury, mid the fifth gives the difference between each measure¬ 
ment and the average of all the measurements. 

Table II gives a summary' of all the results obtained in the last 14 com¬ 
parisons by the method illustrated in Table I. A large number of other 
comparisons were made with results nearly but not quite so concordant. 
Just previous to making the first comparison given in the table a minor 
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Tabus I 

Typical Set of Measurements of a Single Volume of Gas. 



Weight of mercury 


Deviation 

from 

Temperature 

°C 

Observed 

G 

Corrected 

G 

Volume 

Cc 

average 

Cc 

is 7 

1130 IO 

II30 IO 

83 405 

—0 006 

is 8 

1130 16 

1130 17 

83 411 

O OOO 

18 9 

1130 10 

1130 14 

83 408 

•—O 003 

19 1 

H30 09 

1130 16 

83 410 

—O OOl 

19 1 

II30 26 

*130 33 

83 433 

+0 013 

19 2 

1 X 30.06 

1130 15 

83 409 

—O 003 

19 5 

1129 96 

1130 10 

83 40s 

—0 006 

19 6 

1130 05 

1130 21 

83 +14 

+0 003 

19 6 

1130 xo 

X130 17 

83 411 

—O OOO 

Average volume 83 411 
Average deviation from 

average 

*0 00^7 CC 





0 0044%. 


Greatest deviation from average 

0 012 CC. 





0 014^1 



alteration in the construction of the apparatus was made which is believed 
to have slightly improved its accuracy, hence the results here given repre¬ 
sent all the comparisons of this kind made with the apparatus as de¬ 
scribed. 

Table II 


Volume 

measured 

Cc 

Number 

of 

Average deviatiou 
from average 

Greatest deviation 
from average 

No of 

measurements 
deviating 
as much as 

0 01 cc 

measure¬ 

ments 

% 

Cc 

% 

Cc 

98 910 

7 

0 006 

O 006 

O 014 

0 014 

2 

88 349 

4 

O 005 

O 004 

O 008 

0 007 

O 

87 329 

10 

O 005 

0 004 

O 014 

0 012 

l 

83 539 

4 

O OOI 

0 001 

O 002 

O 002 

O 

83 411 

9 

O 004 

0 004 

O 014 

O 012 

X 

83 306 

9 

O 006 

0 005 

O 0 X 4 

O 012 

X 

81.388 

7 

0 004 

0 004 

O 009 

O 008 

0 

77 261 

4 

0 007 

0 005 

O 009 

0.007 

0 

75 498 

4 

0 002 

0 002 

O 002 

O 003 

0 

28 4 J 3 

3 

O 009 

0 003 

O 014 

O 004 

0 

8 474 

7 

O O33 

0 003 

O 070 

O 006 

0 

3 129 

3 

O 019 

0 006 

0.028 

O 0009 

0 

1 +13 

2 

0 026 

0 0004 



0 

0 220 
Total . 

3 

76 

I 1 

0 0024 

1.8 

O OO4I 

0 

3 

General 

average deviation of 

individual readings from 

average 

1 

•0 


of same volume, o 0034 cc. 


In Table III are given the results obtained by measuring a volume of 
gas, then subdividing it into a number of portions each of which is meas¬ 
ured. If there were any considerable systematic error it would be indi¬ 
cated by a difference between the measurement of the volume as a whole 
and the sum of the measurements of the partial volumes. 
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Tabes III. 





Partial volumes measured. 

33.852 

8.468 

10.800 

I .201 


24.942 

U 370 

5 268 

0.219 


28.443 

8.589 

20 791 





29.671 





7-647 





24.690 


Sum. 

77 237 

28 436 

98 867 

I .420 

Direct determination of total volume. 

77244 

28 443 

98 881 

1413 

The data presented in the above tables 

indicate 

a percentage accuracy 


on a sample of 100 cc. which is comparable with the accuracy of good 
titrimetric determinations. 

Since the size and shape of the container in which the gas is measured 
are determined only by convenience, the method is obviously suited to 
the measurement of much larger volumes of gas than were here deter¬ 
mined. Water can, of course, be used as the confining liquid "with the 
usual limitations on account of solubility. 

The apparatus can also be easily adapted as an accurate and convenient 
gas volumeter for determining the amount of gas evolved from a solid or 
liquid by any chemical reaction. For this purpose the weight of sample 
taken and the amount of gas confined in the compensator may be so re¬ 
lated that the weight of confining liquid will be a simple multiple of the 
percentage of the constituent to be determined. 

Summary. 

An apparatus for conveniently determining small quantities of gas by 
weighing the confining liquid displaced is described and its percentage 
accuracy is shown to be comparable with the general accuracy of good 
titrimetric measurements. 

Washington, D. C. 


[Contribution from tub Fixed Nitrogen Research Laboratory, Ordnance 

Department.] 

THE ENTROPY OF GASES. 

By Richard C. Todman. 

Received April 10, 1920. 

From a thermodynamic point of view, the problem of chemical affinity 
may be considered as completely solved, as soon as we have determined 
the heat content and the entropy content of all the reacting substances 
’ in which we are interested. The solution of this important task has been 
greatly simplified by the work of Nemst and Planck in introducing the 
so-called third law of thermodynamics, which states that the entropy 
content of solids and liquids becomes zero at the absolute zero of tempera¬ 
ture. This has made possible a determination of the entropy content of 
solids and liquids at any temperature merely from a knowledge of specific 
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beat data. The next step in this field of thermodynamic chemistry is a 
consideration of the underlying principles dete rm i n i n g the entropy of 
gases and solutes. 

Considerable theoretical speculation on the problem of the entropy of 
monatomic gases, or on the equivalent problem of determining Nemst’s 
so-called chemical constants, has already been done by Sackur , 1 Tetrode,* 
Stem,’ Keesom , 4 Nemst , 5 Ratnowsky 4 and Lindemann . 7 These investiga¬ 
tors have obtained a considerable measure of agreement in their conclusions 
in spite of the fact that they have based their work on a variety of as¬ 
sumptions which are hard to disentangle, and sometimes conflicting. 
Comparisons of experimental data with the results of these theoretical 
predictions have been made by Nemst 8 and Egerton . 9 

The purpose of the present paper is first to derive an equation for the 
entropy of a monatomic gas in a new and very simple way, making use 
of the author's theory of similitude , 111 and then to compare the predicted 
results with the relatively accurate values of the entropies of the elements 
which have been presented by Lewis and Gibson . 11 It should be noted 
in this connection that the entropy values of Lewis and Gibson have been 
obtained from plots of actual specific heat data and hence provide a more 
satisfactory basis of comparison than was available to Nemst 11 and 
Egerton. 

i. General Equation for the Entropy of a Perfect Monatomic Gas.— 

Since the heat capacity per mol at constant pressure for a perfect mon¬ 
atomic gas is exactly equal to (5/2) R and the heat absorbed when the 
pressure is changed reversibly at temperature T from pi to pi is exactly 
equal to RT In (pi/pi), we can evidently write as an expression for the 
entropy of a perfect monatomic gas at temperature T and pressure p, 
S = 5 , + 5/2 R In T — R In p , (1) 

where S, is the entropy of the gas at unit temperature and unit pressure. 

An examination of this equation shows that the problem of determining 

1 Sackur, Ann phys., 36, 598 (1911), 40, 67 (1913). 

3 Tetrode, i>nd , 33, 434 (1912). 

* Stem, Phystk. Z , r4, 629 (1913); Ann. Phys., 44, 497 (1914). 

* Keesom, Phystk Z., is, 217 (1914). 

* Nemst, Ver. deul physik. Ges , z8, 83 (1916). 

‘Ratnowsky, ibid, 18, 263 (1916). 

7 Lindemann, Phtl . Mag., 38,173 (1919); 39, 21 {1920). 

* Nemst, “Die Tbeoretischen und Esperimcntellcii GriindUgen des neuen Warme- 
sat»»" (1918). 

•Egerton, ibid , 39, 1 (1920) 

“Toknan, PJtys. Rev, 3, 244 (1914); 4 » 145 (1914); 2 19 (1913); 8, 8 (1916); 

237 (19171. 

“ Lewis and Gibson, This Jottbnm,, 39, 9354 (1917). 

" 11 A number of additional gases other than those considered by Nemst and Egerton 
Witt be treated in this paper. 
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the entropy of perfect monatomic gases will be completely solved as soon 
as we have some means of predicting the value of the undetermined 
quantity 5 j. This quantity will obviously depend in the first place on the 
units of entropy, temperature and pressure employed, and in the second 
place may depend on the properties of the particular gas which is under 
consideration. Since the gases to be considered are by hypothesis both 
perfect and monatomic, they can theoretically consist only of non-at¬ 
tracting, point particles and hence such gases can differ from each other 
only in the mass of these point particles, i. e., in their molecular weight 
m. Under these circumstances the only property of the gas upon which 
Sj can depend is the molecular weight m. Hence we can obviously re¬ 
write Equation 1: 

S = + 5/2 Rln T — R In p (2) 

where </> is some functional relation whose form we wish to determine. 

a. Application of Theory of Similitude.—The theory of similitude, 1 
requires that all the general equations of physics must be completely 
invariant when the different physical variables contained in the equation 
are transformed in accordance with a particular set of transformation 
equations which have been developed from the theory. For the quan¬ 
tities involved in our equation, 1. e„ entropy (per mol) S, mass (per mol) 
ik, heat capacity (per mol) R, temperature T, and pressure p, the trans¬ 
formation equations developed from the theory of similitude are as follows: 

5 = 5' , n = xm ' R = R' T == xT p = xY (3) 
where * may lie any pure number. 

Substituting in Equation 2 we obtain, 

5 ' = *(xm') + 5/2 R' In xT — R' In x*p’, (4) 

In accordance with the invariance demanded by the theory of simili¬ 
tude the function <t> must be of such a form that all the .t’s in {4) shall 
cancel out, and by inspection we see that this can only be true when 4 > 
has the form 

= Rln o(m)" ’ (5) 

where o is a general constant independent of the gas. Substituting in 
Equation 2 wc obtain as our final equation, 

5 = 3/2 R In m 4 * 5/2 R In T — R In p 4- 5 0 (6) 

where the quantity S B = 3 /a R lit a is a general constant independent of 
the particular gas. 

We have thus obtained in a very simple way a general equation for the 
entropy of perfect monatomic gases. In a later section of the article we 
shall compare the available experimental data with the predictions of this 
equation. 

1 Lee. cii. 
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' m Other Theoretical Methods of Attack.—Equation 5 or its equivalent 
has been derived by several investigators. 

Ektdeanann 1 has applied dimensional reasoning to the equivalent prob¬ 
lem of determining the relation between the molecular weight m and 
Nernst’s chemical constant C which is directly related to our quantity 
Si, and has arrived at conclusions that are in agreement with ours. It 
is important to point out, however, that the successful application of 
dimensional reasoning to this problem requires additional and aribitrary 
assumptions over those necessary for solving the problem by the theory 
of similitude. Referring again to Equation 2 we see, since S and R both 
have the same dimensions, that must have the dimensions of 

R In pT~' ! ' or written in the form of a dimensional equation 
fel - In ml-H-'T-'' 1 ]. 

Now, it is obvious that no function of m alone can have these required 
dimensions, and hence since we have already come to the conclusion that 
m is the only '‘dtmensiondble vandble" entering the function it is 
evident that p(m) must also include one or more " dimensional constants.” 
Since, however, we have no way of knowing beforehand what these 
“dimensional constants” may be, we have no way of solving the problem. 
In order to try to meet this difficulty, we could follow Lindemann 1 by 
making the additional assumption that the only dimensional constants 
involved in O (”0 are Planck’s constant k and Boltzman’s constant k m 
R/N and would then find it possible to derive our final equation (6), 
by finding the only combination of m, h and k which has the dimensions 
required by Equation 7. This added assumption seems, however, rela¬ 
tively arbitrary and greatly reduces the value of the attempted dimensional 
treatment. 

Sadtair, Tetrode, Stern, Keesom, Nernst and Ratnowsky* have all also 
derived equations of the form (6) for the entropy of a perfect monatomic 
gas. Their Work is based on a variety of assumptions which are rather 
difficult to disentangle and they do not come to complete agreement as 
to the magnitude of the universal constant which we have called S a ; 
they all agree, however, that the entropy of a monatomic gas depends 
on the atomic weight in the way predicted in our equation. To give a 
partial statement as to the kind of assumptions which they have employed. 
Sector's first derivation was based on the Sommerfeld hypothesis that every 
dement of action in the universe is some multiple of the fundamental 
constant of action h. In his later derivation he abandons this hypothesis 
on account of the fact that action is the product of two quantities, energy 
and rime, both of which are presumably continuous in nature, and bases 
his conclusions on what be conceives to be a fundamental analysis of the 
tLoc at. 

* All he cit. 
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significance of h. Tetrode bases his work on the assumption that the 
volume <r, of the “cells of equal probability’’ into which we can divide 
the 2 n dimensional space familiarly used in the consideiations of statistical 
mechanics for plotting the values of the n generalized coordinates and w 
generalized momenta belonging to the elements of the system, can be put 
equal to eh where h is Planck’s constant and e is a pure number. Stan’s 
value for the entropy of a perfect monatomic gas is obtained by consider¬ 
ing the entropy increase in heating a solid from the absolute zero to a 
point where Dulong and Petit's law holds, and then vaporizing. To 
determine the entropy increase in heating the solid he makes use of the 
Planck-Einstein formula for the specific heat of a solid with a single 
frequency of vibration and to determine the entropy of evaporation he 
makes use of theoretical molecular speculations. The particular and 
improbable assumptions as to the nature of the solid are found to dis¬ 
appear from the final result. Keesom, Nemst and Ratnowsky all assume 
a so-called “nullpunkt energie” £ 0 for the lower value of the energy 
at the absolute zero still associated with a degree of freedom of frequency 
v. This "nullpunkt energie” in the Nemst treatment is in equilibrium 
with radiant energy in the ether. On rise of temperature, energy is 
drawn not only from the surroundings but also from the reservoir of 
“nullpunkt energie” and the principle of the conservation of energy 
becomes merely statistically true rather than true for the individual 
elements of the system. It is evident that the theories in question (like 
so much of quantum theory) are still in their birth-pangs. For the time 
being, the simple although nou-mechanistic treatment afforded by the 
theory of similitude may prove useful. 

4. Entropy of Gases in General.—The above treatment provides 
primarily a method for calculating the entropy of gases which are mon¬ 
atomic. The work of Eucken, however, has shown that hydrogen has 
only 3 degrees of freedom at low temperatures, and we are led to expect 
that all gases will behave as though monatomic at low enough tempera¬ 
tures. This will permit us to calculate the entropy of any gas at any 
temperature as soon as we obtain the necessary specific heat data bridging 
over the gap between very low and moderate temperatures. In the case 
of hydrogen such a calculation is already possible, and in the sequel we 
shall show the agreement between the experimental and predicted re¬ 
sults for this gas. 

5. Calculation of Results.—Returning to our fundamental equation 
(6), we have 

5 ** tya R In m + V2 R l* T — R In p + S 0 (6) 

where So is a constant independent of the nature of the gas. Since we 
shall use this equation for calculating entropies always at 25° and (me 
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t&Bi. pressure, T and p become constant and the equation can be rewritten 
for our purposes in the form 
' Sggg «= 6.87 log Ml + C. 

Helium. —We shall choose the gas helium for determining the value 
of C. In accordance with Lewis and Gibson,* we shall take 5 m “ 29.2 
and shall take tn =* 4.00. We obtain C = 25.1, and may now write, 
far any monatomic gas of molecular weight, m, 

5 m = 6.87 log m + 25.1. (7) 

Argon. —For argon Lewis and Gibson 1 give the value Sj*» = 36.4, 
while a substitution of m = 40 o gives Sm = 36.1 a satisfactory check. 

Mercury, Cadmium, Zinc, Platinum, Molybdenum, Tungsten. —The 
vapor pressures for a number of metals which give monatomic gases have 
been determined and expressed in the literature by a formula of the 
Hertz type, 

log p(mxn.) = — All -f B log T + C (8) 

Assuming this formula to be accurate enough for purposes of extrapola¬ 
tion, it may be used for determining the change in entropy at 298° when 
the metal is evaporated at its vapor pressure and then compressed to one 
atmosphere. Changing to natural logarithms and to pressures in at¬ 
mospheres we may write in place of Equation 8, 

In p( atm.) = —2.3 AIT + B In T + 2.3C-- 2.3 log 760. (9} 

Differentiating and substituting into the Clausius equation, d In p ! d AT — 
L/RT *, we obtain 

LIT = (2.3 AR/T) + BR (.0) 

and this is the entropy increase when we evaporate at temperature T 
to form vapor at the vapor pressure p. Adding the quantity R hi p, 
which is the increase in entropy when we change to a pressure of one 
atmosphere, and making use of Equation 9, we obtain, 

A 5 = L/T + Rln p — BR -f BR In T -f- 2.3 CR — 2.3 R log 760. 
Since we shall be interested in the value of A 5 at 298° absolute, we may 
substitute T = 298, R = 1.99 and obtain, 

A 5 ms = 13.33 B + 4.58 (7 — 13.65. (11) 

This equation gives us the increase in entropy when one mol of vapor 
at atmospheric pressure is formed from the condensed phase at 298° 
absolute. We may apply it to the following vapor pressure data: 

Mercury .-^-'Vapor pressure measurements by Knudsen,* between 273 0 
and 323 0 absolute. 

log p{ mm,) = (—3342.26/7) — 0.847 log T -f 10.5724. 

1 Loc cit. 

* Knudsen, Ann. phys., 29, 179 (1909}. 
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Cadmium.—Vapor pressure measurements by Egerton 1 between 411.2 
and 545.5 0 absolute: 

log p(mm.) = (—606 o/T) — 0.5 log T + 10.5979. 

Zinc .—Vapor pressure measurements by Egerton, 1 between 529.8 and 
636.0° absolute: 

log p(mm.) = (—7176 /T) — 0.5 log T -f 10.9433- 
Platinum. —Vapor pressure measurements by I.angmuir and MacKay, ! 
between 1682 and 2000 absolute: 

log p( mm.) = (—27800 /T) — 1.26 log T f 1409. 
Molybdenum .—Vapor pressure measurements by Langmuir and Mae- 
Kay, ! between 1994 and 2373 absolute: 

log p(mm.) = (—38600/7') — 1.26 log T + 17.354. 

Tungsten. —Vapor pressure measurements by Langmuir,® between 2440 
and 2930° absolute: 

log />(mm.) = (—47440/D —0.9 log I + i5-5° 2 - 
Applying Equation 11 to the above data, adding the values given by 
Lewis and Gibson 4 for the entropy of the condensed phase at 298° absolute, 
and comparing with the results of the theoretical Equation (7), we obtain. 



L«*i*-Gibsoa 

298". 
Equation 1! 

i 298°. 
Experimental 

•S 298“ 
Theoretic*!. 

Mercury.. 

.. 17 8 

23 3 

41.1 

40 9 

Cadmium.... 

11 6 

28 2 

39 8 

39 2 

Zinc ... 

9 S 

29 9 

39 7 

37 b 

Platinum. 

. . . IO 0 

33 9 

43 9 

40 8 

Molybdenum. 

7 5 

4 s 9 

5b 4 

38.7 

Tungsten . . 

84 

45 3 

53 7 

40 7 


There is good agreement between the experimental and theoretical 
values of entropy except for molybdenum and tungsten. This lack of 
good agreement is not surprising, in veiw of the vapor pressure extrapo¬ 
lation over a range of 2000°. 

Monatomic Bromine, Iodine and Hydrogen.— Free energy and entropy 
are connected by the equation, 

AS = (AH — A F)/T (12) 

where AS is the increase in entropy accompanying a reaction at tempera¬ 
ture T, A H being the increase in heat content and A/\ the increase in 
free energy. Using the nomenclature of Lewis we may write, 

AH » AHo + Ar 0 T -f Ar,/2 P + AD/3 P +. 

AF « AH 0 — AT 0 TIn T — AD/a P — Ar»/6 T* .... +IT 

1 Egerton, Pkil. Mag., 33 . 333 (1917). 

* Langmuir and MacKay, Pkys. Rev., 4, 377 (1914b 

'Langmuir, ibid., a, 339 (1913). 

*Loc. tit. 





HJCHARD C, TOLMAN, 


(there J is an integration constant and the &r terms are dependent in a 
familiar way upon heat capacities. Substituting into Equation 12 we 
obtain, 

AS - Ar e -f Ar„ In T + ATI T + AT,/ 2 T* + .. .—I. (13) 

This equation can be applied to the following free energy data. 

Bromine—Lewis and Randall 1 give the following free energy equation 
for the reaction Br(l.) = Br(g.) based on dissociation measurements 
between 1073 and 1323° absolute. 

AF = 31425 + 3.05 T InT + 0.001 T* —48.14 T. 

Iodine. —Lewis and Randall* give the following free energy equation 
for the reaction /(s.) = I( g.) based on dissociation measurements between 
1073 and 1473 0 absolute, 

AF = 26275 + 1.60 T In T — 40.36 T. 

Hydrogen. —Levis and Randall* give the following free energy equation 
for the reaction H, = 2 H based on dissociation measurements between 
2500 and 3000 0 absolute. 

AF = 61000 —3.5 T In T + 0.00045 T* + 20.2 T. 

Applying Equation 13 to the above data, using T = 298, adding the 
values given by Lewis and Gibson, 4 for the entropy of the undissociated 
gas at 298° absolute, and comparing with the results of the theoretical 
equation (7) we obtain, 

cs 298 • 

Lewi*-GJb*on. Equation 13 

Bromine (Br) .... 18 5 27 1 

Iodine (I). 13 7 29 6 

Hydrogen (H).... 159 1.5 


■S 298*. 
Experimental 

45 6 
45 3 
>7 4 


5 298*. 
Theoretical. 

38.2 
39-6 
25 I 


The relatively poor agreement is probably due to the wide extrapolation 
necessary from temperatures where the equilibrium could be measured. 

Diatomic Hydrogen. —As already stated, our theoretical equation not 
only makes possible a prediction of the entropy of monatomic gases, but 
since all gases become monatomic at low temperatures, permits a treat¬ 
ment of all gases as soon as the necessary specific heat data are available. 
In the case of hydrogen such data have been obtained by Eucken,* 
Plotting Eucken’s data for the specific heat of hydrogen against the 
logarithm of the temperature, it was found that the entropy of hydrogen 
(Hi) at 298 ° is 1.4 units greater than it would be if it had remained a 
monatomic gas way up to that temperature. Using our theoretical 
Equation (7) for the entropy of a monatomic gas and adding r.4 we get 

1 Lewi* and Randall, This Jotonal, 38, 2348 (1916). 

* Lewis and Randall, ibid., 36, 2239 (1914). 

•Lewis and Randall, ibid., 36, 1969 (1914). 

4 hoc. tit. 

• Eucken, Sittb. kgt. preuis. Akad., 1912,148. 
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28.6 as compared with the two values of Lewis and Gibson 29.4 and 31.8, 
a satisfactory check, although they believe the higher value is the more 
reliable. 

6 , Summary of Data.—The following table presents a comparison of 
the experimental results for the entropy of gases at one atmosphere and 
298° absolute, and the theoretical results predicted with the help of the 
equation, 

5 = {3/2) Rlnm + (5/2) RlnT — R In p + S 0 
= 6.87 logm + 25.1 (at 1 atm. and 298° abs.). 

The second column states the range of temperature over which extra¬ 
polation has to be made in order to compare the results, and these results 
are arranged in the order of the uncertainty introduced by this factor. 


Gu, 

Range over which 
extrapolation 
was made. 

0 

•S 298°. 
Experimental 

S 298“. 

Theoretical 

Dig. 

Helium. 


29 2 



Argon. 

None 

36 4 

36 1 

0-3 

Mercury. 

None 

41 1 

40 9 

O 2 

Hydrogen (Hj) 

None 

31 81294 ) 

28.6 

3.2 

Cadmium... . 

150 

39 8 

39 2 

0.6 

Zinc. 

300 

39 7 

37-& 

2.1 

Bromine. 

900 

45 6 

38 2 

74 

Iodine. 

900 

45 3 

39 6 

57 

Platinum.. 

. . . 1500 

43 9 

40 8 

3-1 

Molybdenum. 

... I 700 

36 4 

38 7 

>7 7 

Tungsten. 

. . . 2 IOO 

53 7 

40 7 

13-0 

Hydrogen (H) 

.. . 2500 

17 4 

25 1 

7-7 

The agreement 

between the experimental 

and theoretical 

values is 


very close in cases where wide extrapolation does not have to be made 
and is probably within the experimental error in all cases. It should 
also be noted that the nature of the experimental results alone is enough 
to show that entropy of gases is certainly not entirely a fortuitous matter. 

Washimotom, D, C 
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A REVISION OF THE ATOMIC WEIGHT OF SILICON. THE 
ANALYSIS OF SILICON TETRACHLORIDE. 

Preliminary Paper. 

By Gregory P Baxter, Philip F. Weather ill and Edward O. Holmes, Jr. 

Recdnd April 12 , 1920 . 

Present knowledge of the atomic weight of silicon is in a far from satis¬ 
factory state. Even the more modern determinations of this constant 
vary from 28.0 to 28.4. In his “Recalculation of the Atomic Weights,” 
Clark, 1 from a consideration of all available data, finds the value 28.25 
and the value 28.3 has been adopted by the 'International Committee on 
Atomic Weights. The atomic weight of silicon is a particularly important 
one from a geological and mineralogical point of view, since silicates con¬ 
stitute so large a proportion of the earth's crust. Because of this im¬ 
portance, and because our preliminary experiments indicate a value quite 
different from the value in common use we have thought it desirable to 
present the results of these experiments without waiting for the comple¬ 
tion of the research. 

We chose the method which has already been used by Dumas 1 of com¬ 
paring silicon tetrachloride with silver; for the tetrachloride is readily 
purified by distillation, and the comparison of a chloride with silver is 
one of the most accurate of analytical processes These advantages 
outweigh the disadvantage of the small percentage of silicon in the tetra¬ 
chloride, 16.5. 

Preparation of Silicon Tetrachloride.* 

One portion of the silicon tetrachloride was made by passing dry chlorine 
from a cylinder over hot powdered silicon and condensing the product 
in a flask cooled with ice. The product contained a red precipitate, 
presumably ferric chloride, which was easily removed by filtration through 
glass wool. This material, which contained an excess of chlorine, was 
mixed with a portion obtained from the General Electric Company, and 
the mixture was admitted, together with several cc. of mercury, through a 
separatory funnel into an exhausted flask, and the separatory funnel was 
sealed off. In order to eliminate the excess of chlorine, the chloride was 
left in contact with the mercury for a week in the exhausted flask. 

The impurities chiefly to be feared in this material were decomposition 
products resulting from hydrolysis, i. e., silicic add and hydrochloric 

1 Smithsonian Inst. Pub., "Constants of Nature," Part V, p. *78 (1910). 

* Ann - pharm., 113, 31 (i860). Schiel also determined the chlorine in 

silicon tetrachloride as silver chloride, ibid., 120, 94 (1861). 

• The preparation and d i s t il lation of silicon tetrachloride were carried out by Mr. 
Holmes. 
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add, besides silicon hexachloride, carbon tetrachloride and titanium 
tetrachloride. Since the boiling point of silicon tetrachloride is 58° and 
those of the last 3 substances are 144-8°, 76.5° and 136°, respectively, 
it seemed reasonable to hope that the silicon tetrachloride could be ef¬ 
fectively purified by fractional distillation. Such a process was carried 
out at low temperatures by condensing the chloride at the desired point 
by means of either liquid air or a carbon dioxide-alcohol mixture. 

The exhausted flask, to which was attached a special valve such as was 
used by Briscoe 1 and later by Baxter and Starkweather, 2 was sealed to a 
system of 3 small bulbs and a flask to which also a special joint had been 
attached. After this system had been evacuated, the special joint at¬ 
tached to the first flask was opened by breaking the capillary, and then 
the 3 bulbs and finally the flask were successively filled with silicon tetra¬ 
chloride by chilling, each bulb being sealed off as soon as nearly filled. 
Approximately */» of the chloride was left in the original flask and re¬ 
jected. The more volatile portions, which it was hoped contained the 
bulk of the hydrochloric acid, were collected in the 3 small bulbs and also 
were discarded. 

The flask containing the partially purified tetrachloride was now at¬ 
tached to a system consisting of one large bulb, 14 small ones and a liter 
reservoir. After this system also had been carefully evacuated, con¬ 
nection with the flask containing the tetrachloride was made by breaking 
the capillary in the special joint. The reservoir was first pealed off and 
then about */* °f the liquid was distilled into the first bulb. The bulb 
containing the residue was next sealed off, and then the small bulbs were 
successively filled with the tetrachloride and sealed off. 

The distillation apparatus was constructed wholly of glass and re¬ 
sembled very closely that used by Baxter and Starkweather in the prep¬ 
aration of tin tetrachloride. 2 

Method of Analysis. 3 

After being weighed the bulb containing silicon tetrachloride was 
broken under excess of sodium hydroxide and the glass was collected and 
weighed. The solution was diluted to considerable volume and made 
add with nitric add, and then was predpitated with a solution of a weighed 
very nearly equivalent amount of pure silver. The point of exact equiva¬ 
lence between chloride and silver was then found with the assistance of 
a nephelometer. 

Water, nitric add and silver were purified by the usual methods where 
extreme refinement is necessary.* To prepare sodium hydroxide free 

1 /. Ckm. Sec ., xo7, 63 (1915). 

* Proc . Not. Acad . Sci ., i, 718 (1916); This Journal, 43, 907 (1910). 

* The analytical operations were performed by Mr. WeatheriU. 

* See fear instance Baxter and Grover, This Journal, 37,1038 (1915). 
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from chloride, the best commercial material was precipitated with' a 
slight deficiency of barium hydroxide to eliminate the greater part of the 
carbonate, and after the precipitate had been thrown out by centrifugal 
whirling, the clear solution was evaporated to crystallization in a plati¬ 
num dish. The crystals were centrifugally drained and rinsed and then 
were twice more crystallized in the same way. The product was free 
from chloride. 

The bulb was cleaned by means of sodium hydroxide and cleaning solu¬ 
tion. Then it was rinsed, dried with a lintless cloth and left in a des¬ 
iccator for some hours before being weighed by substitution. Simulta¬ 
neously with the weighing, the temperature, pressure and humidity of 
the balance room were observed. Next the bulb, suspended in a plati¬ 
num wire basket, was weighed under water and its volume calculated 
from the weight of water displaced. 

The bulb, with a solution of about 50% excess of the quantity of sodium 
hydroxide necessary to react completely with the tetrachloride, was 
placed in a heavy-walled glass-stoppered flask, and by shaking the flask 
the bulb was broken. In order to avoid loss of silicon tetrachloride or 
hydrochloric acid vapor, the flask was allowed to stand closed for some 
time Then it was opened, and after dilution of the solution to one 
liter, the glass was collected upon a quantitative filter, the solution being 
received in a large glass-stoppered precipitating flask or bottle. Gentle 
ignition below the melting point of glass in a weighed platinum crucible 
eliminated the filter. 

The weight of glass determined in this way was found in 5 experiments 
to be slightly too large. In these experiments a weighed empty bulb was 
broken under a similar solution of silicon tetrachloride in sodium hydroxide, 
and then the glass was collected on a filter, washed with cold water, and 
ignited in an identical fashion. The average excess in weight was 0.20 
mg., the largest being 0.34. mg. and the smallest 0.14 mg. A correction 
of 0.20 mg. has, therefore, been subtracted from the weight of glass found 
in each of the analyses. A vacuum correction of +0.00034 g- gram 
of glass also has been applied. 

The weight of the bulb was corrected to vacuum by computing the 
weight of air displaced by the bulb and weights, with due consideration 
of the atmospheric conditions at the time of weighing. 

As soon as the alkaline solution had been filtered it was made slightly 
acid with nitric add, for such acid solutions remain perfectly clear for 
long periods. From the weight of silicon tetrachloride the necessary 
amount of silver was computed, and this quantity of the purest silver 
was weighed out and dissolved in nitric add.- Both solutions having 
been diluted until approximately 0.1 N (except in Analysis 1), the silver 
so lution was slowly added to the chloride, and the mixt ure was tho ro ug hly 
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shaken and allowed to stand several days with occasional shaking. The 
clear supernatant liquid was next tested for excess of chloride or silver 
in a nephelometer and if a deficiency of either was found, a suitable amount 
of a 0.01 N solution of silver nitrate or potassium chloride was added and 
the shaking and testing were repeated. The process was continued until 
the amounts of chloride and silver were equivalent. 

The weight of silver has been corrected to vacuum by subtracting 
0.031 mg. per gram of metal. The atomic weights of silver and chlorine 
were assumed to be 107.880 and 35.457 respectively. 

In the table the fractions are numbered in the order in which the bulbs 
were filled. In Analysis 1 the solutions were considerably more concen¬ 
trated than 0.1 N when precipitation was carried out The apparent 
effect of this was the occlusion by the precipitate of some of the chloride 
which slowly leached out, so that the end-point was not finally reached 
for some weeks. If this leaching out was not complete it would account 
for the somewhat higher result of this experiment. On the whole, how¬ 
ever, the different fractions show no positive evidence of dissimilarity. 


Num¬ 

ber 


Weight of 

Weight of 

Weight of 
silver 

Corrected 
freight of 


Atomic 

of 

Fraction 

S1CI4 

silver 

added in 

silver 

Ratio 

w 'J ht 

uaal- 

of 

10 vacuum 

in vacuum 

solution 

Id vacuum 

Si Cl* 

ysis 

Si Cl* 

Grama 

Grams 

Gram 

Grains 

4 Ag. 

silicon 

I 

12 

IO 43530 

26 47403 

O 02120 

26 49523 

0 393856 

28 129 

2 

3 

5 97853 

13 17909 

O 00395 

15 18304 

0 393764 

28 089 

3 

9 

8 79053 

22 31981 

O 00150 

32 32 I 3 I 

0 393814 

28 112 

4 

6 

6 83524 

17 35557 

0 00060 

17 35617 O 393828 
Average, 0 393815 

28 114 
28 hi 


While we wish to emphasize the fact we do not consider the evidence 
presented as final, it seems to indicate that the atomic weight of silicon 
is not far from 28 1 instead of the value 28.3 as now accepted by the 
International Committee on Atomic Weights. 

C aubkdob, Maas 


(Contribution from the On., Fat and Wax Laboratory of the Bureau of 
Chemistrv, U. S Department of Agriculture ] 

THE CHEMICAL COMPOSITION OF COTTONSEED OIL. 

By George S. Jamieson and Walter F. Baughman. 

Received February 14, 1920. 

Although cottonseed oil has been an important article of commerce 
for a great many years, neither its qualitative nor quantitative chemical 
composition has been definitely established. Investigators agree that 
palmitic acid is the predominating saturated acid but the presence of 
stearic and aracliidic acids has been asserted and denied. Hehner and 
Mitchell 1 found 3.3% of stearic acid in cottonseed oil stearine. Meyer* 

1 Hehner and Mitchell, Analyst, n, 328 (1896). 

■ Meyer, Chem. Ztg., 31, 793 ("9°7)- 
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fractionally distilled in vacuo the methyl esters of the insoluble Adds 
and then separated the saturated and unsaturated acids in the 2 highest 
boiling fractions by the lead salt ether method. By fractional crystalliza¬ 
tion from alcohol he obtained from the saturated acid portion a small 
quantity of an acid melting at 63-73° which he believed to be a mixture 
of stearic acid and arachidic acid. Lewkowitsch 1 states that “recent 
investigations by the author have shown that it is doubtful whether 
stearic add does occur in cottonseed oil,” and also that “small quantities 
of arachidic add appear to be present.” 

Our knowledge of the composition of the unsaturated acids is not so 
uncertain. Hazura 1 after demonstrating the absence of linolenic acid 
and the presence of linolic and oleic adds, calculated the proportions of 
linolic and oleic acids from the observed iodipe value of the unsaturated 
acids (143.0) and the theoretical values for linolic and oleic acids (181.4 
and 90.0). He gave the approximate composition of the unsaturated 
add as 60% linolic and 40% oleic. However, Lewkowitsch 1 gives the 
results of Farnsteiner, who found by direct experiment only 23.9% of 
linolic add in the unsaturated adds. The calculated iodine value of a 
mixture of 23.9% linolic add and 76.1% oleic add is only 112. 

In view of these conflicting statements in regard to the composition 
of cottonseed oil, it was thought well worth while to investigate this 
problem again. 

The oil used in this investigation was cold pressed from one bushel 
of Sea Island cottonseed by means of an oil expeller. The lead salt ether 
method showed that it contained 23.0% of saturated adds and 72.5% 
of unsaturated adds. The iodine value (Hanus) of the unsaturated adds 
was 142.2, the saponification value 199.4 and. the mean molecular weight, 
281.3. 

Ex a m i n a t ion of Unsaturated Acids. —Refined oil wa3 used for the 
preparation of the unsaturated adds in order to obtain them uncon¬ 
taminated with mucilaginous material, etc. 

The bromine addition derivatives were prepaired according to the 
method of Eibner and Muggenthalor* which is briefly as follows. 

To the adds dissolved in dry ether and cooled to —io°, bromine is 
added slowly, after which the mixture is allowed to stand for 2 hours at 
—io°. Hexabromide, the bromo derivative of linoienic acid, is insoluble 
in ether. No predpitate insoluble in ether was obtained, which con¬ 
firms the observations of previous investigators that cottonseed oil con¬ 
tains no linolenic add. The excess of bromine was removed from the 

1 Lewkowitsch, “Chemical Technology and Analysis of Oils, Fate and Waxes,” 
5th Ed., a, 197. 

* Hazura, Z. ontew. Ckem , 1888,315. 

• Lewkowitsch. ibid,, x, 573. 
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ethereal solution by washing it in a separatory funnel with an aqueous 
solution of thiosulfate. After removing all traces of water from the 
washed ether solution, the ether was removed by distillation and the 
residue boiled with 250 cc. of petroleum ether. The petroleum ether 
solution was allowed to stand in the ice box overnight and then the 
linolic tetrabromide was removed by filtering through a weighed Gooch 
crucible. The filtrate was reduced to about half its original volume by 
distillation, cooled again in the ice box and a second crop of tetrabromide 
crystals obtained which was likewise removed by filtration through a 
Gooch crucible. The filtrate was then evaporated to dryness and weighed. 
The bromine content of the residue was determined by boiling a small 
sample with cone, nitric acid and silver nitrate. Linolic tetrabromide 
contains 53.33% of bromine, and oleic dibromide 36.18%, and it is a 
simple matter to calculate algebraically the proportion of tetrabromide 
and dibromide in the residue if we know the per cent, of bromine present. 

The data of the analyses of the bromo derivatives are given below: 


o. 

Sample of unsaturated acids. 2.6058 

Linolic tetrabromide insoluble in petroleum ether, m. p. 113-114°.. 1.7619 • 

Residue (dibromide and tetrabromide). $. 1298 

Bromine content of residue. 43.11 % 

Dibromide in residue 59-39% or. 1 8650 

Tetrabromide in residue 40.41 % or. j. 2648 

Total tetrabromide found. 3.0267 

Linolic add equivalent to tetrabromide 1.4124 g. or. 54 20% 

Oleic add equivalent to dibromide 1.1899 g. or. 45.66% 


The percentages of linolic and oleic adds in the unsaturated adds are 
converted into percentages of glycerides in the original oil as follows: 

Calculated to Original Glycerides in 
Pound. bases of 100%, oil. original oil. 


%. % %■ %■ 

Oleic add. 45-66 45.72 33.15 3464 

Linolic add. 54.30 54 -28 39 35 41.13 


Total. 99.86 too 00 72.50 75-77 


A duplicate experiment gave 45.84% oleic add and 54.16% linolic 
add. The theoretical iodine value of a mixture consisting of 45.72% 
of oldc add and 54.28% of linolic add is 139.6, which agrees fairly well 
with the observed iodine value of the unsaturated adds (142.2). 

In this connection it may be well to point out that the low results ob¬ 
tained for linolic adds when this method has been used by other in¬ 
vestigators, not only for the examination of cottonseed oil but also for 
other oils, is due to the fact that they have considered the tetrabromide 
that crystallised out from the petroleum ether solution to represent the 
entire amount of linolic add present, but it has been the experience of the 
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authors that a considerable amount remains in solution with the di¬ 
bromide. This is no doubt due to the formation of an isomeric liquid 
tetrabromide soluble in petroleum ether and melting at 57-58° as pointed 
out by Rollet, 1 Matthes and Boltze* and Takahashi.* Thus it is necessary 
to determine the bromine content of the residue left after evaporating 
off the petroleum ether and to calculate the proportions of tetrabromide 
and dibromide present. 

Examination of the Saturated Acids.—The saturated acids were 
prepared from the crude oil by the lead salt ether method and ester ified 
by dissolving in absolute methyl alcohol, saturating the resulting solu¬ 
tion with dry hydrogen chloride and then heating under a reflux con¬ 
denser for 15 hours. The ester layer was then separated from the alcohol 
layer, dissolved in ether and the solution washed first with water and 
finally with a dilute solution of sodium hydrogen carbonate. The ethereal 
solution was then dried with anhydrous sodium sulfate after which the 
ether was removed by distillation. 

The mixture of methyl esters, which weighed mg. was subjected to 
fractional distillation under diminished pressure. The temperatures and 
pressures maintained during the distillation and the weights of the frac¬ 
tions are given in Table I. As indicated in the table, a preliminary 


Tabus I.—Cottonsrbd Oil. 

Fractional Distillation tn vacuo of Methyl listers of Saturated Adds. 
111 G. Esters Subjected to Distillation 


Fraction. 


Temperature 

Pressure. 

Mm. 

Weight. 

O. 


1 

'70-171 j 

6 5 

23 50 


2 

171 5-173 

6 5 

22 05 

Preliminary distillation 

3 

173-174 

7063 

23-55 


4 

174-j79 

7065 

(33 85)' 


5 

179-190 

6 5 

(11 90)' 

Fraction 4 redistilled. 

Fraction 5 added to residue and 

6 

165-170 

5 5 4 0 

20 43 

distillation continued . 

7 

167 quickly rose to 170 
170-1 7 S 

5045 

10.8j 


8 

17s quickly rose to 178 
178-188 

4-5 

2.90 


9 

181-191 

♦ 5 

2 80 

Residue from preliminary distilla- 




tion added to residue and dis¬ 
tillation continued. 

IO 

191 quickly rose to 194 

4-5 

350 

Residue. 


194-235 



Total. 




no ss 


* Not included in total. 

1 Rollet, Hoppe-Seyler, Z. physiol. Chan., 410,431 (1909). 
1 Matthes and Boltze, Arch, pharm., ago, *33 (1913). 

• Tskahashi, C. A., 13,1383 (1919). 
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distillation was made first, resulting in 5 fractions and a residue which 
remained in the distilling flask. Fraction 4 was then transferred to a 
smaller flask and redistilled. This distillate is designated as Fraction 6. 
Original Fraction 5 was then added to the residue in the small distilling 
flask and distilled into 2 fractions, numbers 7 and 8. The residue in the 
large distilling flask which remained after the preliminary distillation 
was then added to the residue in the small flask and distilled. Two 
fractions were collected, numbers 9 and 10, and a small residue remained 
in the flask. Thus the esters of the saturated acids were divided into 8 
fractions and a residue. 

The iodine numbers (per cent, of iodine absorbed) and the saponifica¬ 
tion values (mg. of potassium hydroxide required to saponify one g. 
of the esters) of the various fractions were determined with the results 
given in Cols. 2 and 3, Table II. The iodine numbers are a measure of the 


Table II. —Cottonseed On. 

Results of Analyses of Fractions Obtained by Distilling Methyl Esters of Saturated 

Acids. 


0 

'1 

if 

1 ll 

i-- 

Ucaatu. Blip'S MyrUtlc 

r * ,cd sis'? 

Palmitic 

Acid 

Stearic 

Acid 

Araehldlc 

Acid. 

l 

Jls 

H si 

%. 0. s-iie %. 

G 

% 

C. 


G. 


G. 

I 

3-3 

308.6 368.9 

2.25 0-53 268.4 6.25 

1-47 

86.30 30.28 

. 




2 

35 

206.8 271.3 

2.46 0 54 270.8 . . 


90.73 

20.00 

1.65 0.36 



3 

50 

305.8 372.6 

3.33 0 83 271.8 . . 


86.43 

30-35 

492 

I.16 



6 

6.0 205.4 273.1 

4.22 0.86 272.2 . . 


84.47 

17.27 

6.18 

126 



7 

11,6 

202.4 277.2 

8.16 0.88 275.8 . . 


6966 

756 

17.12 

1.86 



8 

20.2 

195.6 286.8 

14.21 0.41 285.4 - - 


37-17 

I.08 

4373 

1.27 



9 

21.8 

192.2 291.9 

15-34 0.43 291.3 


20.18 

0 56 

59-68 

1.67 



to 

197 

1790 313.4 

11.86 0 48 316.0 . . 




30 25 

1.06 

5 M° 

1.80 

Residue: 











31.6 

170.9 339 -* 

15.19 0.14 335.3 . .. 






80.44 

0.76 

Total. 


- 5 »o 

>-47 


87.IO 


8.64 


2.56 


contaminating unsaturated acids 1 and it is possible to calculate the per 
cent, of esters of unsaturated adds in each fraction. Thus the iodine 
number of the free unsaturated acids is 142.2 from which we calculate 
the iodine number of the methyl esters of the unsaturated adds to be 
135.4. The per cent, of esters of unsaturated acids in a fraction is given 
by the formula, a X 100/135.4, in which a is the iodine value of the 
, fraction. In Col. 5 and 6 of Table II are given the percentages and 
weights of unsaturated add esters in each fraction. 

If we calculate the number of mg. of potassium hydroxide required to 
1 It is not possible to effect a complete separation of the saturated and uusaturated 
adds by the lead salt ether method, and therefore the saturated adds so prepared are 
always contaminated by small amounts of unsaturated adds. 












MP ratORGS 9 . JAMIS4QN ANB WaUBR ». BAUGHMAN. 

saponify the unsaturated acid esters in one g. of each fraction (p m.tmt 
of unsaturated, add esters multiplied by the saponification value of tat- 
.Saturated add esters (190.0)) and subtract from the saponification value 
of each fraction we have the number of mg. of potassium hydroxide 
required to saponify the saturated add esters in one g. of each fraction. 
Dividing this by the per cent, of saturated add esters in the fraction gives 
the saponification value of the saturated add esters from which the mean 
molecular weight of the esters may be calculated, using 56,1 as the molec¬ 
ular weight of potassium hydroxide. This method of calculation has been 
more fully explained in a former paper. 1 

In Col. 7 are given the mean molecular weights of the methyl esters 
of the saturated adds in the various fractions. Inspection of these re¬ 
sults indicates the possible saturated add esters that may be present. 
The mean molecular weight of the saturated acid esters in Fraction 1 is 
268.4, which is lower than methyl palmitate (270.3) and higher than 
methyl myristate (242,3), and suggests, therefore, that Fraction 1 contains 
a mixture of these 2 esters. The mean molecular weights of the saturated 
add esters of Fractions 2-9, inclusive, lie between the values for methyl 
palmitate and methyl stearate (298.4), and indicate, therefore, mixtures 
of these 2 esters. The mean molecular weight of the saturated acid esters 
of Fraction 10 (316.0) indicates a mixture of methyl stearate and methyl 
arachidate (326.4). It will be observed that the value for the residue is 
somewhat higher than the molecular wdght of methyl arachidate. How¬ 
ever, the residue contained some products of decomposition, the effect 
of which is to lower the saponification value and raise the calculated 
mean molecular wdght. 

In order to test the correctness of these deductions, the next step in the 
investigation was to isolate the adds from the various fractions and 
establish their identity by melting-point determinations and analyses. 
The free adds were recovered and fractionally crystallized from 95% 
alcohol until constant melting points were obtained. The following 
adds were identified: 

Artchidic Acid, C*>H«Os, m. p. 77°.—From the residue an add was 
obtained melting between 76° and 77 °. Elementary analysts* gave the 
following results: 

Calc, for arachidic acid: H, 1291; C, 76.85. Found: H, 12,92: C, 76.72 

No other saturated add could be detected in the residue. 

From Fraction 10 there was obtained an add melting at 76-76.5® 
which gave the following results on analysts.* 

Found: H, 12.98; C, 76.93. 

1 This Journal, 4a, 152 (1920). 

* Analysis by Chas. E. F. Gersdorff, 
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Stearic Arid, CuH 3e Os, m p. 69°.—The Fraction 10 mother liquor 
from the arachidic acid crystallization was concentrated and an acid ob¬ 
tained melting' at 68-69°. Upon analysis 1 the following results were 
obtained: 

Calc for steanc acid H, \i 76. C, 75 98 Found H, 12 85, C, 7603 

Palmitic Acid, Ci»H»Oj, m p 626° —From Fractions 2 and 3 large 
quantities of an acid melting at 62.5 ° were readily isolated. This together 
with the boiling points of the fractions is sufficient proof of the identity 
of the add. 

Myristic Acid, CuHmOi, m p 53 8°.—As before pointed out, the 
mean molecular weight of the saturated acid ester of Fraction 1 (268.4) 
is lower than methyl palmitate, which suggests the presence of the ester 
of the next lower acid of the series, methyl myristate In order to ob¬ 
tain a fraction richer in methyl myristate, that part of Fraction 1 which 
remained after taking out the portions for saponification value and iodine 
number determinations was redistilled in vacuo and 2 fractions collected 


as indicated below. 



Weight of 

Mean 


Pressure 

Temperature 

fraction 

molecular 

Fraction 

Mm 

G 

weight 

O 

13 

186-187 

8 2 

265 0 

b 

•3 

8 

187-188 

176-178 

*5 3 

269 6 


It will be noted that the mean molecular weight of Fraction a is lower 
and of Fraction 6 higher than that of the original Fraction t. 

Fraction a was again redistilled at a pressure of 4.5 mm. and 2 fractions 
a' and a" collected. The free acids, recovered from the lower boiling 
fraction a' (weight 2.4 g.) were subjected to fractional crystallization 
from 95% alcohol. A fraction was obtained having a melting point of 
53.5-540° which was not changed by further crystallization. The 
fraction was not large enough for an elementary analysis. However, the 
evidence at hand proves quite conclusively that it was myristic acid. 

It is now established that the saturated acid esters in Fraction 1 are 
methyl myristate and methyl palmitate while Fractions 2-9, inclusive, 
contain methyl palmitate and methyl stearate. Fraction 10 contains 
methyl stearate and methyl arachidate and the residue methyl arachidate. 
Using the mean molecular weight of the saturated acid esters and the 
theoretical molecular weights of the esters present in each fraction it Is 
possible to calculate the percentages and amounts of the acids present 
in each fraction. This has been done with the results given in Cols. 8-15, 
Table II- 

1 Analysis by Cha-. 15 F Gersdorff 
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Table rri. — Cottonseed On. 
Composition of the Saturated Acid*. 





Origiaalotf. 



O 

%■ 

%■ 

%■ 

Myristic arid... 


1-40 

O.33 

0.34 

Palmitic arid... 


83-06 

19.10 

30.04 

Stearic arid. 

__... 8.64 

8 14 

t.90 

1.98 

Arachidic acid . 


2-44 

0.56 

0 58 

Oleic add ' 



O.51 

0 S 3 

• 


4 66 



Linolic arid j 



0 61 

0.64 

Total. 


IOO OO 

23 OO 

*41* 


Table III gives, in Col. 2, the percentage composition of the saturated 
acids, in Col. 3, the percentages present in the original oil, and in Col. 
4, the percentages of glycerides in the original oil. 

Summary. 

A study has been made of the composition of a sample of cottonseed oil, 
the results of which are given below: 

Composition op Cottonseed On.. 

% 


Glycerides of 


Myristic acid. 
Palmitic acid. 
Stearic acid... 
Arachidic add 

Oleic arid. 

binotic acid... 


o 3 
30 o 
a.o 
0.6 
35 2 
* 1-7 


Washington, D. C. 


Total 


99-8 
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THE COMPOSITION OF OH, OF CHENOPODIUM FROM VARIOUS 

SOURCES. 

By E. K. Nelson. 

KeceWed February 28, 1928. 

Since the oil of chenopodium, or American wormseed, has become the 
standard remedy for hookworm disease, the demand for it has increased 
considerably. In the producing region, Carroll county, Maryland, there 
are at least 7 distilling plants in operation during the season. 

During October, 1919, authentic samples were collected by the author 
from 5 of these distilling plants, for the purpose of studying the variations 
in the product. 

As pointed out by Schimmel and Co., 1 the distillation of chenopodium 
1 Report of Scbimme! and Co., April, 1908. 
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oil requires special precautions, for the reason that ascaridole, the valuable 
and chief ingredient, is unstable, and is decomposed gradually on boiling 
with water. Consequently, the distillation must be carried on rapidly 
with steam at a good pressure, the condenser kept warm, and the warm 
distillation water separating from the oil in the receiver, discarded. 

The examination of these samples comprised a determination of their 
physical constants and an estimation of the amount of ascaridole present 
in them. No difficulty was encountered in obtaining ascaridole of con¬ 
stant boiling point by fractionating oil of chenopodium under diminished 
pressure. This is contrary to the findings of Hamilton and Hall. 1 
Evidently these investigators either did not have a true chenopodium 
oil, or, as seems more probable, allowed the oil to become overheated 
in the bath, thus causing decomposition and loss of part of the ascaridole. 

As pointed out by Rchimmel and Co. and by the writer, ascaridole suffers 
a molecular rearrangement when heated to 150°. In carrying out a 
fractional distillation of the oil, it is, therefore, necessary to maintain 
the bath at as low a temperature as possible, never allowing it to reach 
150°. Most of the distillations involved in the work herein described 
were carried out at 3 to 6 mm. pressure. During the distillation of the 
ascaridole fractions, a bath temperature of 115 °, and during that of the 
terpene fraction, one of 80 was found sufficient to maintain an even 
distillation. 

The first distillation gave a very good separation of the terpenes from 
the ascaridole, and only 2 fractionations were required to yield ascaridole 
of constant boiling point. The estimation of ascaridole in this way (gives 
results somewhat low, as it is difficult to recover all of the ascaridole 
from the lower fraction. 

When chenopodium oil is properl)' made the residue on fractionation 
will be small, but if it has been manufactured with low pressure steam 
and without the precautions above mentioned, the percentage of ascaridole 
and the specific gravity will be low and an excessive distillation residue, 
which is evidently a product of the decomposition of ascaridole, will be 
found. 

In the samples collected by the writer in the producing district, the 
highest distillation residue was only 2.3%, and in 8 samples experimentally 
distilled with very low pressure steam the distillation residues amounted 
to from 7 to 2$[l, and the ascaridole content was very low. The amount 
of distillation residue, therefore, gives an idea of the care with which the 
oil has been made. 

The distillation residue appears to consist in part of water-soluble, 
glycol-like substances, resulting from the hydration and rearrangement 
of the ascaridole molecule. This indicates that during a protracted 
1 J. Pharmacol. Exper. Theraprnlk t, ti, *31 (1918}. 
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ffiMHntlf m ■with low-pressure steam a part of the ascaridole must be de¬ 
composed and the soluble products in part pass away in the condensation 
water. 

A very simple test of the purity of the ascaridole fractions was found 
In the readiness With which a few drops will ignite when poured on an 
electric hot plate heated Jto about 250 

In addition to the authentic samples collected by the writer, 7 in 
number, the following specimens were also examined. 

An ml from ehenopodium grown and distilled in Buitenzorg, Java, 
received through the Bureau of Plant Industry. 

Two samples distilled from wild ehenopodium growing around Orlando, 
Florida, one from dried and the other from green plants. These were 
also obtained from the Bureau of Plant Industry, having been produced 
under the supervision of Mr. H. L. Punk of that Bureau. 

One sample distilled from wild plants in the Eastern United States, 
transmitted by the International Health Board. 


Sample. 

Analytical Data on Oil op 

c Wd Solubility in 

<100 mm 8 volume* of 
u 25 c * tube) 70 % alcohol 

CHBNOPODrtJM 

Ascaridole 
(% by vot) 

- —-- Opt 

By Calc rotation 
dnt'n from d of as- 
% % carldole 

Dist's 

residue 

% 

K,. 

Samples Collected in Carroll Co , Md., Oct, 1919. 

. 0 9758 —4 25 0 Complete 74 81 5 —2 1° 

2.3 

K,. 

. . . . 0.9792 —3 9 0 

Complete 

77 83 7 —2 ij* 

l J 

D . 

.... 0 9713 —5 s° 

Complete 

75 78 7 —3 03 ° 

I X 

e*°. 

- 0 9538 —6.2° 

Complete 

60700-1 65° 

« 7 

to. 

... 0 9592 — 6 2° 

Complete 

65 71 0 —2 5° 

I I 

Bo . 

- 0 9783 —3 6° 

Complete 

76 83 1 —2.0° 

0.9 

Br... . 

0 9564 —6 5° 

Complete 

64 69 3 —2 45° 

t 4 


Oil from Cbenopodium Grown and Distilled in Java. 

o 9762 +0 25° Complete 70 81 8 1.3 

Oil from Wild Chenopodium, Orlando, Florida, 

Not completely 

From dry plants, o 9148 —7 75° soluble 41 43 2.2 

Not completely 

From green plants 0 8940 —10.25° soluble 26 30 34 

Oil from Wild Plants, Eastern U. S. 

0,8922 -pt 65° Not completely -20 28.8 —4.0° (on of tar- 

soluble penes + 4.15*). 

Samples Returned from Brazil, Over a Year Old. 


A.. 

. 0 9628 —3 0° Complete 

68 73 4 

a -7 

B. 

— 0 9645 —7,3° Complete 

6t 74.4 

7-8 

C. 

•• 0 947 ° —6,43' Slightly turbid 

56 63.4 

2.8 

». 

0 9389 —6 6° Slightly turbid 

62 70.9 

3,1 

* Sample of first distillation of the season. 

72 79-8 

li 
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Five oils of American origin, which had been used by the International 
Health Board in treating hookworm disease in Brazil. These oils were 
at least a year old and the results are interesting as showing the keeping 
qualities of the oil under varying conditions, It will be noted that the 
distillation residues, while higher than those found in fresh oils, are not 
excessive. 

The United States Pharmacopeia (IX) specifies that oil of ehenopodium 
should be soluble in 8 volumes of 7 0% alcohol, should have a specific 
gravity of 0.955 t0 0.980 at 25 °, and an optical rotation varying between 
—4° and —io° in a 100 mm. tube at 25 °. 

An approximate check upon the ascaridole estimation was obtained 
by calculating the ascaridole content of each oil from its density, assuming 
that the density of the terpenes is 0.8466 and that of the ascaridole 1.005, 
and that no other constituents are present. The resulting figure is in¬ 
fluenced, of course, by any variations in the density of the terpene mixture, 
and by the amount of distillation residue, which consists, of course, neither 
of terpenes nor of ascaridole. The figures thus obtained will be seen to 
run roughly parallel with those of the direct estimation of ascaridole by 
distillation. 

Terpenes of Chenopodium Oil. 

Schimmel & Co. 1 have reported the presence of p-cymene in cheno¬ 
podium oil, but the optical activity of the terpenes and their sensitiveness 
toward oxidizing agents indicate the presence of other hydrocarbons. 

The terpenes were separated from the authentic samples collected in 
Maryland, and were found to boil at 176-178° tinder atmospheric pres¬ 
sure, after rectifying over sodium. The optical activity was [a] D “ 
—15.9° (100 mm. tube). 

A small yield of a nitrosite, melting at 155°, was obtained. This is 
probably the nitrosite of a-tcrpinene, though oxidation experiments 
designed to show the presence of that terpene, as well as the presence or 
absence of y-terpinene, gave no satisfactory results. 

f-Limonene was shown to be present by the formation of its tetra- 
bromide, melting at 104-105 °. 

A residue left after oxidation of the terpenes by shaking with cold 
permanganate solution was almost optically inactive. Boiled with per¬ 
manganate solution, it yielded p-hydroxy-isopropyi benzoic acid, melting 
at 155 thus proving the presence of p-cymene.. 

The terpenes of chenopodium oil therefore contain p-cymene, f-limonene 
and probably a-terpinene. 

An examination of the terpenes separated from the oil distilled from the 
wild plants collected in Florida showed them to be of the same character. 

* Semi-Annual Report of Scliimmel and Co., Apr., 1908, 113. 
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Summary. 

Emphasis la placed on the necessity of carefully observing certain 
precautions in the distillation of chenopodium oil from the plant, in order 
to avoid the decomposition of the ascaridole by prolonged contact 110111 
steam or boiling water. 

An examination of 7 authentic samples of chenopodium oil collected 
during the season of 1919 shows them to comply with the requirements 
of the United States Pharmacopeia and to contain from 60 to 77% of 
ascaridole. 

The examination of a sample of chenopodium oil distilled in Java 
shows it to be very similar to the oils of American origin, and the analysis 
of 5 American cals returned from Brazil, and over a year old, shows them 
to be normal in character. 

Chenopodium oil distilled from wild plants collected in Florida was 
fopnd to contain less ascaridole than the oil distilled from cultivated 
plants in Maryland. The same constituents were found in it that were 
found in the Maryland oil 

The terpenes of chenopodium oil were found to contain p-cymene, 
Mimonene and probably a-terpinene. 

Washington, D c 
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REACTIONS AND DERIVATIVES OF 3, 3 '-DICHLORO-ETHYL 

SULFIDE. 

By Or boon B Helfrich 1 and E Emmet Kbuj 

Received March 5 1920 

Introduction. 

In view of the prominence into which 3,3 '-dichioro-ethyl sulfide has been 
recently brought by reason of its use in the war as “mustard gas,” it was 
thought that an investigation of the chemistry of this substance would 
be of particular interest. While mustard gas on the battle field was the 
most permanent of the gases used in large quantity and was apparently 
inert, it has been found that it can take part in quite a variety of re¬ 
actions. The purpose of this work 2 lias been to make a study of certain 
of these reactions. The study has been limited to the reactions which 
Involve the sulfur atom and the 2 chlorine atoms. Since the reactions 
involving the chlorine atoms always removed them, generally as sodium 
’ From dissertation of Oregon B Helfrich. 

* The mustard gas used in this investigation consisted of crude material obtained 
£fotn both the American "University Experiment Station and the Edgewood Arsenal, 
«ad of some of the redistilled product from the first mentioned place. The crude 
material was used as a source of the dicWoro-etbyl sulfoxide and sulfone while the 
redistilled product was used in the condensations. 
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chloride or hydrocliloric acid, while those reactions involving the sulfur 
atom merely raised it to a higher state of oxidation, there exists in common 
among all the derivatives prepared what might be called the "mustard 
residue," — CHjCHjSCHXH-. — The feasibility of giving this group a 
special name such as “mustarene” and calling its derivatives "mustarides," 
etc., was abandoned 1 in favor of names conforming with the system erf 
nomenclature now being used iu Chemical Abstracts, 

Historical. 

The only derivatives of this class that have previously been prepared, 
aside from the substances tliiodiglycol, 1 SfCHtCHtOH)* and ethylene 
disulfide, 5 S(CHjCHj)aS, which have been known for a long time, are the 
4-alkyl-i4,-thiaz,ans which Clarke 3 synthesized by the condensation of 
aliphatic amines with dichloro-ethyl sulfide, and the dichloro-ethyl sul¬ 
foxide and sulfone which were obtained during the war investigations. 

Outline of Present Study. 

I. Products obtained by the oxidation of dichloro-ethyl sulfide 
(C 1 CH,CH 2 )„S —*■ (C 1 CH;CHj) 2 S 0 —> (ClCH 1 CH I ),SO, 

Dichloro-ethyl sulfide. Dichloro-ethyl sulfoxide Dichloro-ethyl sulfone. 

IT. Products obtained by the condensation of dichloro-ethyl sulfide, 
sulfoxide, and sulfone with sodium thiophenate and phenates: 

S(CH»CHjCl)j+ 2NaO<^^>CH a —> S(CH s CH 1 0 <^>CH J )x+ aNaCl 
OS(CH 3 CH,Cl)x+2NaS<^> —* OS(CH,CH I S<^)) I -f zNaCl 

<\S(CH,CH l Cl),+ 2 NaO<(^> —*> 0 ^(CH,CH, 0 <^>):+ zNaCl 

111 . Products obtained by the reaction of dichloro-ethyl sulfide, sul¬ 
foxide, and sulfone with sodium mercaptides and alcoholates - 


S(CH 2 CH»Cl)a + 2 NaSBu —► S(CH,CH,SBu) 2 + aNaCl 
OjS(CHtCHjCl)j + aNaSEt — > 0*S(CH,CH,SEt) s -f aNaCl 
S(CHxCHtCl), 4 - aNaOEt —> S(CH - CH,)» + aEtOH + aNaCl 
XV. Products obtained by the condensation of dichloro-ethyl sulfide, 
sulfoxide, and sulfone with the aromatic amines. 4 



+ 2 HC 1 


< »CH»C 1 Hn /— 

/ N \ / CH ' 
iCHiQl \V 



1 Communication with Dr E. J. Crane on this point led to the adoption of the 


names to be found in the following pages 


* V. Meyer, Bet , 19, 3259 (1886); Crafts, ,4»» , 124,110 (1862). 

* J. Chau Sqc , ioi , 1583 (1912) 

* Similar to Clarke’s synthesis of the 4-alkyl-1,4-thiaxaas. 
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V. Products obtained by other reactions. 

S(CH l CH J Cl) 1 + 2NaOOCCHj —► SCCH.CHjOOCCH*), + aKaCl 
OSfCH^H^Ds + aNal —► OSCCHtCH,!), + sNaCl 
ClCHjCHrv ClCHiCHjs A 

+ Mel —► . 

CICH.CH/ CICH.CH/ 'Me 

In order to confirm the formulas of the derivatives prepared analyses 
were carried out in practically every case, usually the sulfur only being 
determined The sulfur analyses were made by the sodium peroxide 
fusion, carried out in the Parr bomb, 1 with subsequent precipitation and 
determination of the sulfur as barium sulfate This method was found 
very convenient and gave good results with all the crystalline derivatives, 
but with the few oil}- derivatives the results were hardly satisfactory, 
the analytical figures quoted in these cases being usually the best pair 
out of about 5 analyses. As the composition of these oils was rather 
definitely fixed by their method of preparation and by their oxidation 
products, little time was spent in the development of the method of 
analysis. In the few cases where analyses for halogen were made, the 
method used was to decompose die stibst;moe with sodium in absolute 
alcohol and then to determine the halogen, in the usual way, as silver 
halide. 

I. Oxidation Products. 

(a) fi,&' - Dichloro - ethyl Sulfoxide, (bis((J-chloro-ethyl)Sulfoxide), 
(C 1 CHiCH*)jSO. —In a report of war gas investigations there is a state¬ 
ment to the effect that dichloro-ethyl sulfide is oxidized by cone, nitric 
acid to the corresponding sulfoxide* melting at log 5 0 . No further 
information regarding the preparation or the substance itself is vouch¬ 
safed. Since in the present work a detailed study of the substance has 
been made, the results are herein set forth. 

When pure dichloro-ethyl sulfide is dropped into cone, nitric add at 
room temperature, there is energetic reaction with evolution of heat and 
formation of a light green solution From this solution, after diluting 
with water, the sulfoxide separates as white crystal plates. These melt 
constant at 109.5 0 (corr.) which agrees with the melting point given in 
the war gas report. 

So far as one can judge by handling this substance it is entirely without 
effect upon the human skin. 

Dichloro-ethyl sulfoxide is soluble in a variety of solvents, e. g., water, 
cone, mineral acids (especially), alcohol, ether, benzene, carbon disulfide, 
EOd acetone. At 20®, 100 cc. of water dissolves 1.2 g, of sulfoxide; and 

* J. Jnd, Eng, Chem., n, 130 (1919). 

* For brevity dichloro-ethyl sulfoxide will be referred to as the sulfoxide wherever 

will permit. 
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at ioo°, store than its own weight, in fact no limit could be found. At 
Jo 0 , loo ee. of alcohol 1 dissolves 4.3 g. of sulfoxide, at 80the solubility 
seems infinite. A large temperature coefficient of solubility is at once 
apparent for the sulfoxide in these 2 solvents. In cone, mineral acids the 
sulfoxide is quite soluble even at room temperature, due, no doubt, to the 
basic nature of the sulfoxide. 

Dichloro-ethyl sulfoxide can not be distilled without partial decom¬ 
position even at reduced pressure The chief decomposition product is 
dfchloro-ethyl sulfide. No dichloro-ethyl sulfone can lie detected in the 
distillate. It seems that during the distillation the sulfoxide dissociates 
into the sulfide and oxygen, the former appearing in the distillate and the 
latter either escaping as such or effecting a destructive oxidation of some 
of the sulfoxide. 

Hydrolysis of the Sulfoxide.—Although dichloro-ethyl sulfide is 
hydrolyzed fairly rapidly by hot water according to the equation. 

S(CH,CH,C 1 ), + 2HOH —► S(CH,CH 5 OH), + zHCl, 
dichloro-ethyl sulfoxide is practically unchanged even in boiling water, 
the solution giving no precipitate with silver nitrate solution. The di¬ 
chloro-ethyl sulfone in boiling water gives a precipitate of silver chloride 
with silver nitrate solution, thus showing a greater hydrolysis than the 
sulfoxide. Conductivity measurements also confirm the greater hydrolysis 
of the sulfone. Dichloro-ethyl sulfoxide is completely hydrolyzed by 
alcoholic sodium hydroxide, dihydroxyethyl sulfoxide ((HOCH*CHj)»SO), 
a viscous oily liquid, easily soluble in water, alcohol, and ether, being 
obtained. 

Reactions.—Dichloro-ethyl sulfoxide is oxidized by various reagents, 
best by chromic add, to the corresponding sulfone which is described 
below. By virtue of the presence of the two halogen atoms, dichloro- 
ethyl sulfoxide is able to partidpate in many reactions analogously to the 
dichloro-ethyl sulfide The derivatives so obtained will be considered in 
connection with the corresponding derivatives from the sulfide. 

Experimental. 

Preparation.—50 g of pure dichloro-ethyl sulfide was dropped slowly 
into 100 g. of cone, nitric add in a small balloon flask. The temperature 
was kept below 50 to 55° in order to avoid loss. After the addition was 
complete, the acid solution was filtered through asbestos (when the sulfide 
used was not pure there always separated considerable sulfur) and poured 
into 250 cc. water. Upon standing the sulfoxide came out as a beautiful 
white crystalline product. Alter several hours it was filtered with suction 
and the product dried. Yield, 80-85%. This was quite pure and 
generally melted about 106-7 Recrystallizatian out of alcohol or water 
* Unless otherwise specified "alcohol’’ means the usual 95% material. 
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Jjgjtwfhi- pure substance, melting at 109.5 9 (corr.). When crude dichloro- 
ethyl sulfide was used, care had to be taken in the addition to the add, 
as the miction was considerably more violent. A sample of crude mustard 
gas from the American University gave on oxidation a light brown product 
(melting at 105°=*=) in about 55% yidd. A sample of the crude material 
from the Edge-wood Arsenal, of slightly better grade, gave an almost 
white product in about the same yield. The sulfoxide obtained from 
either source melted at 100.5°, after one recrystallization out of hot water. 
Sulfur analysis gave- S; 18.50 and 18.26%., calc. 18.30%. 

Distillation.—50 g. of dichloro-ethyl sulfoxide was distilled m vacuo. 
The distillate came over between 105-145° under 18 mm. pressure It 
was composed of a white solid and 2 apparently immiscible liquids. 
Some of the white solid was separated and treated in alcohol solution 
with sodium thiophenate and the resulting product recrystallized out of 
alcohol to constant melting point. It melted at 121.0° showing it to be 
bis(d-phenyl-mercapto-ethyl) sulfoxide (described below) which proves 
that the white solid was unchanged dichloro-ethyl sulfoxide. The oily 
portion of the distillate was shaken with water, becoming in this operation 
one homogeneous oil, no doubt by solution of the other liquid (perhaps 
a water solution of the sulfoxide), then the oil separated and was distilled 
in vacua. The main portion came over between 95° and 107° under 12 
mm pressure. This was further fractionated and came over nearly 
constant at 105-8° under 18 mm. pressure As this boiling point was 
rather indicative of mustard gas, care was exercised in handling it. The 
distillate was a pale yellow oil of faint odor similar to that of mustard 
gas. On treatment in alcohol solution with sodium thiophenate and 
recrystalKzation of the product out of alcohol, it yielded bis(|8-phenyl- 
mercapto-ethyl) sulfide melting at 575°. Together with the other 
data this clearly showed the main decomposition product during the 
distillation to have been dichloro-ethyl sulfide After finding the sulfide 
as a product of decomposition it was thought probable that some sulfone 
might be present also if decomposition had taken place according to the 
reaction: 

2 (C 1 CH*CHi)»SO —> (CICHjCHi)jS + (ClCftCH^Ot. 

But do sulfone was found. Indeed the amount of actual sulfide isolated 
practically excluded any such possibility. It seems probable that the 
formation of the sulfide was due to the dissociation of the sulfoxide thus ■ 
(C 1 CH*CHj)jS 0 (C!CHjCHi)iS + O 
tile oxygen being consumed in some oxidation-decomposition reaction. 

Solubilities.—The sulfoxide was shaken with water and with, alcohol 
Ifck 2 days at 20 9 and assuming saturation at the end of that time, samples 
of the Marions were weighed (or measured), evaporated to dryness and 
the residues weighed- 
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Sulfoxide in water at 20° 

Sample of Solution No t weighed 13,48 g — residue o 15 g oitg, per too cc. 

Sample of Solution No 2 weighed 11.09 g — residue otjg o 1.2 g. per 100 cc. 

Sulfoxide in alcohol at 20°. 

Sample of Solution No 1, 10 ec — residue o 42 g «= 4 2 g per 100 ec. 

Sample of Solution No 2, 10 cc — residue 044 g 044s per 100 cc. 

Hydrolysis of the Sulfoxide—I. Information furnished by treatment 
with silver nitrate as to the presence of the chlorine ion in the water 
solution of dichloro-ethyl sulfoxide 

100 cc. of a boiling 1% solution of the sulfoxide gave no precipitate 
on the addition of 20 cc. of 5% silver nitrate solution Hydrolysis must 
be very low. 

On the other hand 100 cc of a boiling 1% solution of the sulfone did 
give a definite precipitate of silver chloride on the addition of 20 cc. of a 
5% silver nitrate solution. Whence hydrolysis is greater than with the 
sulfoxide. 

II. Conductivity measurements relative to hydrolysis. 

Dilute aqueous solutions of the sulfoxide and sulfone were made, their 
initial conductances measured and after 10 days the conductances again 
determined. It was found that at 20 0 there was no change in the con¬ 
ductance of the sulfoxide solution while, under identical conditions, the 
conductance of the sulfone solution increased about 20%. This dearly 
demonstrates the greater hydrolysis in the latter solution. Measure¬ 
ments were also made keeping the solutions at 100 0 but the results were 
worthless because a blank showed that the solubility of the glass in the 
tubes used was more than su 65 dent to produce the effects noted 

III. Preparation of the hydrolysis product. 

Fifteen g. of sulfoxide was added to a hot solution of 8 g. of sodium 
hydroxide in 100 cc. of alcohol. The separation of sodium chloride was 
rapid. Most of the alcohol was evaporated off on the steam bath, the 
product treated with water, and extracted with ether. The extract was 
separated off, dried, and evaporated, yielding the dihydroxyethyl sulf¬ 
oxide as a light brown syrup. This was somewhat deliquescent and 
easily soluble in water, alcohol, and ether. 

(b) Dichloro-ethyl Sulfone (Bis(j3-chloro-ethyl)sulfone), (ClCHj- 
CHj)*SOi. —When dichloro-ethyl sulfoxide is further oxidized by the use 
of fuming nitric add, potassium permanganate, or chromic add, the chief 
product is the corresponding sulfone. 1 When this step is carried out by & 
hot aqueous solution containing 5-10% chromic add and 15-18% sul¬ 
furic add the yield is nearly quantitative. By the use of the. other a 
oxidizing agents the yield of sulfone is not so good since considerable 
amounts of the sulfoxide are either completely oxidized or converted into 
other products not easily isolated. In the report previously referred to, 

* Whenever (dearness permits, dichloro-ethyl sulfone will be called “the sulfone.” 
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ijfctWM stated that dichloro-ethyl sulfone is obtained by oxidation with 
foming nitric add and that it melts at 540°. No further details 
were given. In the present study dichloro-ethyl sulfone has been Studied 
in some detail, as was the sulfoxide, and is presented accordingly. 

Diehlaro-etbyl sulfone crystallises out of alcohol or water in beautiful 
thin white leaflets melting at 56.0° (corr.), or 2 0 higher than figure given 
above. Upon distillation at atmospheric pressure it undergoes partial 
decomposition, boiling at about 230°, with evolution of hydrogen chloride 
and sulfur dioxide, yielding as distillate a yellow oil containing much 
unchanged sulfone and as residue a considerable amount of carbonized 
matter. Under 20 mm. pressure, however, it boils without decomposi¬ 
tion at *83° the distillate solidifying easily and melting at 55-6°. The 
solubility of the sulfone in water and dil. acids is much less than that of 
the sulfoxide, probably because of the lack of the basic properties in the 
sulfone. At 20' 100 cc. of water dissolves o 6 g of sulfone, at 100° 3.4 g. 
When it is recalled that the sulfoxide is practically infinitely soluble in 
water at 100 0 the difference between these compounds in their relation 
toward water is at once apparent. In alcohol, which may be taken as 
representative of the organic solvents, the sulfone is slightly more soluble 
than the sulfoxide; at 20°, 100 cc. of alcohol dissolves 7.1 g. of sulfone 
and at 80 0 the solubility is very great. 

Physiological Action of the Sulfone. 1 —Dichloro-ethyl sulfone produces 
on contact with the skin blisters and persistent sores. Its vapors are 
lachrymatory, causing soreness of the eyes, and somewhat sternutatory, 
causing a slight burning in the nostrils, but as its vapor pressure is so 
low at ordinary temperatures that no inconvenience is experienced in 
handling it. That these unpleasant properties should reoccur in the 
sulfone after disappearing in the sulfoxide is peculiar. The theory 1 has 
been advanced that hydrolysis is one of the main factors entering into the 
action of dichloro-ethyl sulfide on the human body. It is of interest to 
note here that the hydrolysis of the sulfide by water is greatest, the sulfone 
next and the sulfoxide least. These facts are in accordance with the 
theoiy mentioned as applied to the observed physiological effects of the 
sulfoxide and sulfone. 

Hydrolysis of the Sulfone. —In regard to the actual hydrolysis of the 
dichloro-ethyl sulfone the following calculation'is of interest. A j% 
solution of the sulfone in water at 100 0 gives a partial precipitation of its 
chlorine as silver chloride when treated with 20 ce. of 5% silver nitrate 
solution. The 5 % silver nitrate solution «= 0.3 M whence the concentra- 
ffpu of AgNO»( = Ag + ) after addition to the 100 cc. of sulfone solution 
iS o.oj M. For calculation take the solubility of silver chloride at 100 9 

t Unpublished report of Dr. E K. Marshall. 

1 % K Marshall, /. Am. Med. Astoe., 73, $84 (1919); C. A. ,13, 2929 (1919). 
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** 1.0 X io~*. That is ^ Ag ci = i-o X 10- 10 . Since there was some 
precipitation of silver chloride, we know that (Ag + X Cl~) = 1 ?a*ci or 
(0.05) X (Cl") = 1.0 X 10 -10 . That is Cl - > 2 o X io~* in the boiling 
sulfone solution. Since, however, precipitation is incomplete we know 
further that the Cl" concentration only exceeded the value 2.0 X io - * by 
a snail amount. These figures give a fair idea of the hydrolysis of the 
sulfone in boiling water. In cold water it is, of course, much less, as no 
precipitate of silver chloride is obtained in the cold. It is regretted that 
time was not available to make a more exact study of these relations. 

3 , S '-Dihydroxy-ethyl sulfone is prepared by the hydrolysis of the 
dichloro-ethyl sulfone by alcoholic sodium hydroxide It is a thick 
syrup, somewhat deliquescent, and in general similar to the sulfoxide 
analogue. It is difficult to obtain entirely free from water. The best 
product obtained boiled under 15 mm . pressure evenly distributed over 
the range 140-165°. 

Reactions.—When an alcohol solution of dichloro-ethyl sulfone is 
treated with an alcohol solution of sodium sulfide, reaction is very rapid. 
The product is an amorphous white solid (probably S<(CHsCHs)j>SOi), 
which does not melt at 200 and is insoluble in the ordinary solvents. 

The other products obtained from the sulfone by the replacement of its 
chlorine atoms will be taken up in connection with the similar derivatives 
of dichloro-ethyl sulfide. 

Experimental. 

Preparation.—50 g. of dichloro-ethyl sulfoxide was heated in 350 cc. 
of water, containing 25 g. of chromic acid (or the equivalent amount of 
sodium dichromate) and 40 cc. of cone, sulfuric acid, for a period of 4 to 
6 hours. The reaction mixture was then allowed to cool and to stand 
several hours before filtering. The crude product as filtered off was quite 
dark from chromium salts and was digested with 100 cc. of boiling water. 
After the sulfone had solidified by cooling the water was poured off and 
the product dissolved in too cc. of hot alcohol. The solution was filtered 
hot and after cooling the white, or pale-greenish, product filtered off and 
dried, A second crop of good material ’was obtained by adding an equal 
volume of water to the alcohol mother liquor. Yield, 50 g.; m. p., 55-6°. 
On recrystallization the pure substance melted at 56.0°. 

Distillation.—100 g of sulfone distilled at ordinary pressure at about 
230 0 with considerable decomposition, yielding a clear yellow oil as 
distillate, while giving off hydrogen chloride and sulfur dioxide. About 
l /a of the original material remained in the distilling bulb as a carbonized 
residue. The yellow oil distilled over again at 230° with evolution of 
more hydrogen chloride and sulfur dioxide. Again there was a carbonized 
residue. The distillate now weighed 35 g. Determination of the chlorine 
content showed 14.5%, a proportion which did not indicate any simple 
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aCH.CH*. 

<|6eompositioa product, (ClCH*CHs)«SOi contains 36-6%, | ^> 90 * 

contains 22.9%. A sample of the oil treated with sodium thiophenate 
in hot alcohol solution gave a separation of sodium chloride and, on diluting 
with water, an oily crystal pulp was obtained. By recrystallization out 
of alcohol crystals melting at 104.5 ° were isolated. This melting point 
corresponds exactly with that of bis(d-phenyl-mercapto-ethyl) sulfone, 
obtained by the condensation of sodium thiophenate with dichloro-ethyl 
sulfone. Thus it appears that there was some unchanged sulfone still 
in the oil after 2 distillations at atmospheric pressure. From the chlorine 
content it seems that the oil in question contained about 40% of the 
sulfone dissolved in some oily chlorine-free sulfur compound. The 
nature of the oily constituent was not determined. The fact that the 
decomposition took place practically constantly at 230° should be noted. 
When the final yellow oil was distilled m vacuo there was practically no 
decomposition but the distillation took place over quite a range of tem¬ 
perature (*/» of the total came over between 125-150° under 23 mm. 
pressure), showing dearly that this oil was not a single substance, as the 
constant boiling point (with decomposition) at atmospheric pressure 
might have led one to believe. 

The pure dichloro-ethyl sulfone distils in vacuo without any decom¬ 
position at 183° under 20 mm. pressure. 

n. Products by Condensation with Sodium Thiophenate and Phenates. 

The fundamental reaction in the preparation of these derivatives is 
the formation of sodium chloride with the simultaneous condensation 
of the organic residues. 

2C«H*SNa + (C 1 CH?CHj)iS —► zNaCl 4 - (C,H i SCH,CH,),S 
sQHsONa + (CICHjCHj)jS —> eNaCl + (C,H l OCH,CH t ),S 

It is seen that the condensation with sodium thiophenate gives com¬ 
plex trisulfides or related bodies, while with the phenates it produces 
various mixed sulfide-ethers. All of these substances which have been 
prepared me white (or nearly so) crystalline bodies. Most of them can 
be recrystallized out of alcohol but those from the more complex phenols 
(a- and / 3 -naphthol, eugenol, vanillin, tribromo-phenol) are only slightly 
soluble. None of the derivatives is soluble in water. So far as has been 
ascertained none of them is dangerous to work with The yields in 
general are good. For those products obtained from sodium thiophenate 
the yields are nearly quantitative. 

The stability of the multiple-sulfides and their oxidation products, 
toother with the quantitative nature of the condensation of sodium 
thiophenate with dichloro-ethyl suHide, -sulfoxide, or -sulfone are among 
the outstanding features of this field. While the reactions 
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aQHtSNa + (ClCHjCH*),S zNaCl + (C^HfSCHjCH,)^ (i) 
2C«H»SNa + (CICH-CH^O —»* aNaCl + (C < H»SCH ! CH t ) t SO (2) 
aCeHiSNa + (CICHsCHs'ljSO —* zNaCl + (C,H,SCH s CHi)^Os {3) 
with thiophenate all take place nearly quantitatively, the corresponding 
ones with sodium phenate give smaller and varying yields. Thus the 
reaction corresponding to (1) gives a good yield, the reaction correspond¬ 
ing to (2) gives none of the desired product, while the reaction corre¬ 
sponding to (3) gives the expected product but only in poor yield These 
relations hold in general also for the other phenols which condense readily 
with only the dichloro-ethvl sulfide With regard to oxidation the sulfide- 
ethers function entirely diffeiently from the multiple-sulfides Thus it 
has been found that the former are entirely broken down by nitric or 
chromic acid (giving in several cases quinone), while in the latter the 
sulfur atoms alone are oxidized to the quadrivalent or hexavalent condi¬ 
tion, the chain of sulfur and carbon atoms remaining unbroken. In 
general nitric acid oxidizes the sulfide groups to sulfoxide groups, while 
chromic acid or permanganate oxidizes either of these to sulfone groups. 

A systematic study of the oxidation products of bis (/3 -phenyl-mercapto- 
ethyl) sulfide, (CJI^SC H 2 C Hi)jS, has been made and the following series 
developed: 



Sulfur 

M P -- 

a--—. 




(rorr) Cold 

Hot 


{Formula ) 

Cak Pound 

•C (18° ±: 

> <7S*±) 

Remarks. 

Bis(0 - phenyl mercapto-eth\ 1) sul 





fide 

31 40 31 66 

S 7 5 0 63 g 

10 g 

Lustrous white 

(CtH.SCHjCHilrS 

S' 41 



leaflets 

Bis(|i - phenyl-meroipto ethyl) sul 





foxide . . 

29 81 29 98 

121 O I O g 

sol 

Lustrous white 

(CtHiSCHjCHOjSO 

29 67 



leaflets 

Bis (0 - phenyl-sulfinyl-ethyl) sul 





foxide. 

27 12 26 90 

161 0 s sol 

sol 

Small white 

(CoH rSOCHrCHt) jSO 

27 04 



crystals 

Bis(ff-phenyl-mercapto-ethyl)sulfoue 28 40 28 40 

104 5 s sol 

sol 

Lustrous white 

(C«H»SCHjCHs)jSOi 

28 27 



leaflets 

Bis( 0 - phenyl-sulfinyl-eth > 1 ' sulfone 

23 95 25 84 164 0 msol 

s sol 

Small white 

(C*H*SOCH,CH,),SO, 

26 07 



plates 

Bis(0-pbenyl-sulfony!-cthyl) sulfone 23 83 23 80 

235 0 msol 

insol 

White needles 

(C*HjSOjCHsCH t )jSOi 

23 74 





Attention is here called to the fact that these oxidation products of the 
multiple-sulfides should furnish excellent material for a study of the 
relation between certain physical properties, especially melting points and 
solubilities, and the chemical composition and structure. These com¬ 
pounds form a series of closely related derivatives, differing only by slight 
degrees of oxidation of the sulfur atoms and not by any changes in the 
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skeleton. Consideration Of the table shows what a large influent* 
the oxidation of the sulfur atoms has upon the melting point in these 
trisulfides. The stabilizing influence of raising the sulfur atom to its 
higher valences is therein apparent. When one considers that in a mole¬ 
cule containing bivalent sulfur atoms there must exist in consequence 
of the higher valence possibilities of the sulfur atom not only reactive 
tendencies toward certain classes of substances but also within the mole¬ 
cule itself a certain flexibility of structure, it is easy to conceive that the 
oxidation (t. e., saturation) of these sulfur atoms should exert a large 
influence on the rigidity of the structure of the molecule and thereby 
effect the melting point and other properties That the trisulfone which 
contains completely saturated sulfur atoms should be at the top of the 
series with regard to melting point, difficulty of solution in organic solvents, 
etc., is at once obvious. 

Such reasoning apparently falls in the case of the simpler series but it 

(CICHiCHOjS CKCHiCHjHSO O(CH,CH»)tS0i 

»4 4° 109 S° 56 0° 

should be recalled that the present work has already pointed out that 
dkMoro-ethyl sulfoxide lies out of line with the sulfide and sulfone in 
physiological properties and in hydrolysis It is probable that there is a 
specific effect exerted by the presence of the sulfoxide group together With 
2 chlorine atoms in the / 3 -positions. Any such specific effect would of 
course prevent the successful application of the above reasoning with 
regard to physical properties. 

Condensation with Phenols.—The sulfide-ethers, already referred to, 
now come up for specific discussion. Since the condensation between the 
phenates and dichloro-ethyl sulfoxide does not take place at all, and with 
dichloro-ethyl sulfone the yield is rather poor, most of the derivatives 
prepared are of the structure (ROCH 2 CHa)jS where "R" is an aromatic 
residue. Further, since these sulfide-ethers are unstable towards oxida¬ 
tion it has been impossible to complete the series of oxidation products. 

The sulfide-ethers and suifone-ethers are nicely crystallized substances, 
insoluble in water, the simpler ones easily soluble in hot alcohol, the more 
complex ones rather difficultly. So far as known they have no effect on the 
Human skin. 

A number of aromatic phenols was tried unsuccessfully in this work. 
Those which failed to give the condensation were p-chlorophenol, p-nitro- 
phenefl, thymol, resorcine, methyl salicylate, and ethyl salicylate. No 
explanation for the discrepancy in the action of the phenol group in these 
Compounds has been developed. In these cases where the condensation 
floes not take place the sodium hydroxide present hydrolyzes the dichloro- 
sibyl sulfide with separation of sodium chloride from the alcohol solution 
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(Formula ) 

Bis(d-phenoxy-ethyl) sulfide 
(CsHtOCHjCHt) iS 
Bis(d-phenoxy-ethyl) sulfoue 
(C*H»OCH,CHs)»S 0 5 

B i x (/?-/>• ere so X ve t hvl} sulfide . 

(p-CH, C,H, OCH,CH a ),S 
Bis(0-f>-eresoxy-ethyl’;i sulfone 
(/>-CHj.C«H*.OCH»CHi) a SOj 
Bis((J-«<tesoxy-ethyl) sulfide 
(o-CH,Cai«OCH,CH 1 .S 


REACTIONS OF fttf-MOiLORO-ETHYL SULFID®. 

Sol ia 

M p 


* 2*9 


Sulfur 

Calc Found 

ii 68 II 67 

XI 70 

10 46 lO 30 I 
JO 41 
10 60 10 55 
10 68 

9 s* 9 64 

9 58 

lO 60 IO 47 

10 51 


(£-CioHiOCH*CHi),$ 8 si 

Bis(fi - 0 - naphthoxy - ethyl) sul- 
fone . 7 88 7 90 

(/J-C»H,OCH,CH,) ; S 7 76 

Bis(fl-ViimUoxy-ethvl) sulfide 8 25 8 22 

(HOC<( y , OCH ] CHi)-S 8 24 

OCH, 

Bis(fl-eugenoxy-et hyl) s ulfide 7 71 7 80 
(CH„ CHCH,<^~ ^>OCH,CH 2 )jS 
OCH, 

Bis(8 - tnbromo-phenoxv-cthyl) 

sulfide . 4 29 4 29 

Br 

(Br< ^ ^ >OCH a CHi)aS 4 2d 

Br 

* Solubility In 70% alcohol 


100 cc. Ale. 

Cold Hot 

He mark. 

(180) 

(75 0 ) 

I 4 R 

20 g 

Fine white 
needles 

s sol 

sol 

Pinkish leaflets 

O 2 g 

sol 

Lustrous needles 

s sol 

sol 

Small pink 
leaflets 

0 3 g 

* sol 

White needles 

insol 

s sol 

Light brown 
crystals 

insol 

0 6 g 

Small crystals 

s sol 

sol 

Small shining 

plates 

msol 

2 g 

Gray needles 

0 1 % 

2 g 

Yellow powder 

insol 

0 5 g 

White powder 


as usual, the reaction going for the most part according to the equation 
S(CHjCHjCl)a + zNaOH —► StCHjCHjOH)* + zNaCl 
This hydrolysis takes place to some extent also even in the cases where 
the condensation takes place but it is exceeded by the more rapid condensa¬ 
tion. In the case of the thiophenol condensation the hydrolysis reaction 
is entirely negligible on account of the rapidity of the condensation. 
It is probable that both reactions go on simultaneously, their relative 
velocities depending on the properties of the reactants. 

Another reaction which probably takes place to some extent is the 
formation of vinyl sulfide. If dichloro-ethvl sulfide is treated with 
S(CH»CH}Cl)a + aNaOH —> S(CH = CH S ) S + aNaCl + 2H2O 
sodium ethylate, vinyl sulfide seems the main product. The slow hy¬ 
drolysis of ichloro-ethyl sulfide by alkali in 50% alcohol in the coki gives 
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Bfatiier high-boiling oil, insoluble in -water and heavier than water. This 
is certainly not thiodiglycdl and from its odor and properties may be a 
polymer of vinyl sulfide. Investigation of this point was cart short by an 
accident 

Experimental. 

It would be useless repetition to give in detail the preparation of each 
of these derivatives. With the exception of the 3 products obtained by 
oxidation, which wiil be considered briefly below, they were all prepared 
by the following procedure. 

0.01 Mole of dichloro-ethyl sulfide (-sulfoxide, or -sulfcme) was added 
to a solution of 0.02 mole of the phenol (or thiophenol) in 20 cc. of JV 
alcoholic sodium hydroxide, plus 25 cc. of alcohol and heated on the 
steam bath one hour. Then 20 cc. of water was added to dissolve the 
sodium chloride and cause the separation of the product, if this had not 
already taken place. The product was then filtered off and recrystallized 
to constant melting point and analyzed. The solubility figures given 
in the table are based on the weights of the crystals crop in successive 
recrystallizations. The figures thus make no claim for exactness yet give 
a fair idea of the solubility. 

An example of the calculation of solubility is given. 
Bis(S-phenyl-niercapto-ethyl) j 1st 1st, m p. 57 0°, wt 3 91 g , 1st 2nd, oil 
„ sulfide recrystallized from j 2nd 1st, m p 57 5°, wt 3 63 g ; and 2nd, ra p 57° 

50 ee portions of alcohol [ 3rd 1st, m p 57 5°, »t 3 28 g , 3rd and, m. p. 57 5° 
The difference in weight between the 1st 1st and 2nd 1st is 0.28 g., and 
between the 2nd 1st and 3rd 1st is 0.35 g. The average is 0.32 g. and 
assuming this to represent the amount dissolved in the 50 cc. alcohol 
at the temperature of filtration (18 0 ), we find 0.65 g. per 100 cc. as an 
estimate of the solubility at that temperature In those cases where the 
solubility in cold alcohol was extremely low, there has been given as an 
estimate of the solubility at 75 0 the weight of the substance separating 
on cooling from 100 cc. alcohol which had been boiled with an excess 
of the substance and then very rapidly filtered while boiling hot. 

Oxidation of Products.—The preparation of the 3 products obtained 
by oxidation methods will now be given. 

1. Bis (/3 - phenyl - sulfinyl - ethyl) sulfoxide ((PhSOCH,CH,)tSO) was 
prepared by the oxidation of bisf^-phenyl-mercapto-ethyl) sulfide 
((PhSCHiCHj)jS) by cone, nitric acid. The preparation was diffi cult 
and the yield poor. Nitric acid was added very slowly drop by drop 
to the sulfide Until the first energetic reaction was over and the oil barely 
dissolved to form a clear yellow solution. On diluting a yellowish white 
product separated in small amount and was recrystallized out of alcohol. 
If an excess of nitric is used no crystal product is obtained. 

Bis( 0 -phenyl-sulfinyl-ethyl' ; sulfone ((PhSOCH*CHi)sSOi) was 
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prepared similarly by the oxidation of bis(/ 9 -phenyl-mercapto-ethyl) sul- 
fone ((PhSCHiCH 2 )iSQj) by nitric add. The preparation in this case 
was not difficult and the yield satisfactory. On account of its low solu¬ 
bility even in boiling alcohol the product was recrystallized from nitric 
add. 

3. Bis(jS-phenyl-sulfonyl-ethyl) sulfone ((PhSOiCHiCHj)jSOj) was 
prepared by the oxidation of any of the lower oxidized substances of the 
same skdeton by either permanganate or chromic acid. The product 
was recrystallized out of nitric add, being practically insoluble in alcohol. 

(0) Three g. of bis(fi phenyl-mercapto-ethyl) sulfide (or sulfone, etc.), 
was heated in a solution of 5 g. of chromic add and 10 cc of cone, sulfuric 
add in 100 cc of water for */i hour on a steam bath After cooling the 
crude product was filtered off 

(b) Three g of bis(d-phenyl-mercapto-ethyl) sulfide (or sulfone, etc.), 
was dissolved in 10 cc. of cone nitric acid, 100 cc. water added, and the 
boiling add solution treated with potassium permanganate solution as 
long as the latter was decolorized and the white preripitate of the product 
continued to form The crude product was filtered off. 

The purified products were identical. 

in. Products by Condensation with Sodium Mercaptides (and Alco- 

holates). 

The condensation of dichloro-ethyl sulfide ( sulfoxide, or -sulfone) 
with sodium mercaptides is quite similar to that with sodium thiophenolate 
already considered. 

S(CH,CH,Cl)i + aNaSBu —S(CHiCH»SBu), + zNaCl. 

S(CHjCHjC 1 )j + sNaSPh —► S(CH,CH^Ph), + zNaCl. 

The reaction is rapid in the hot alcohol solution and the yields nearly 
quantitative. The stability of these multiple-sulfides and their oxidation 
products is again an outstanding feature. 



Sulfur 

M p 

B p (corr) 

“ C “C Remark*. 

(Formula ) 

Calc Fotmd 

BLu(/3-butyl-mrrcaptoetl!yl) sulfide 

36 09 35 53 

222-3 >7 5 Oil, unpleasant per. 

(BuSCHjCHj)jS 

35 3 « 

sis tent odor 

Bis(<J-butyl-mercapto-elliyl) sulfoxide 

34 °4 * 

. 25 0 Oil, very slight 

(BuSCH,CH,)jSO 


odor 

Bis(j3-buty!-suifinyl-eth) 1) sulfoxide 

30 57 30 36 

196 0 Brilliant small white 

(BuSOCH,CH,)jSO 

30 42 

crystals 

BwO-botyl-mcrcapto-ethvl s sulfone 

32 21 32 JO 

73 7 Shining white 

(BuSCHjCHaltSOs 

33 14 

needles 

BisfS-butyl-sulfiayl-ethyl) sulfone . 

29 09 29 05 

101 0 Very small gray- 

(BuSOCH,CHi)iSOi 

28 98 

white crystals 

Bisffi-butyl-sulfcrnyl-etlivl) sulfone 

26 J2 26 36 

266 5 Glittering gray crys¬ 

(BuSOiCHjCHjIjSOs 

26 J2 

tal plates 


* Analysis not run on account of nature and small quantity of material. 



OR8GON 8. HBUBMCH AND S. EKMBT RB05. 

|H^am itbe condensation products obtained by the use of butyl awe* 
A f j jMgw aseries of oxidation products has been prepared analogous to that 
obtained from the thiophenol derivatives. 

-Just as with the similar phenyl derivatives the last 2 compounds of the 
table are only slightly soluble in organic solvents. For purification it is 
necessary to reoystallize bis (fi-buty 1-sulf onyl-ethyl) sutfone out of nitric 
acid; bis(d-butyl-sulfmyl-ethyl) sulfcme may be recrystallized out of either 
alcohol or nitric arid. In general these butyl derivatives are slightly 
more soluble than the corresponding phenyl derivatives. In this (butyl) 
series the trisulfoxide (bis(d-butyl-sulfinyl-ethyl) sulfoxide) is prepared 
with greater ease though the yield is still poor. On comparing the melt¬ 
ing prints of the compounds it is seen that the trisulfoxide, trisulfone, and 
disulfoxide-sulfone of the butyl series melt higher than those of the phenyl 
series, while the other 3 members of the butyl series melt lower. 
This is a rather interesting point because it indicates that the oxidation 
of all 3 sulfur atoms in the butyl compounds must cause a considerably 
greater internal disturbance and rearrangement (in the direction of render¬ 
ing the molecule more rigid in structure) than in the case of the phenyl 
compounds 

From the alkyl mercaptans lower than butyl such complete series have 
not been prepared. Various attempts to prepare the derivatives contain¬ 
ing 2 and 3 sulfoxide groups have failed. The oxidation of the lower 
alkyl trisulfides with nitric acid neither breaks down the carbon-sulfur 
chain nor furnishes the desired sulfoxide. Thus bis(0-ethyl-mercapto- 
ethyl) sulfide, on oxidation with cone, nitric acid and subsequent dilution, 
furnishes no crystals of the trisulfoxide. However, the original skeleton 
has not been destroyed, for the addition of potassium permanganate to the 
nitric acid gives in fair yield the trisulfone (bis(j 3 -etliyI-sulfonyl-ethyl) 
sulfcme) which can be easily isolated. 

The derivatives which have been prepared and investigated are con 
tained in the following table. As might be surmised from what has just 
preceded, these fall into 3 classes (the sulfoxide types being missing), of 
Which bis(d-butyl-mercapto-ethyl) sulfide and -sulfotie and bis(d-butyl- 
SMlfonyl-ethyl) sulfone are typical. The table is divided horizontally 
into 3 sections, one for each type of derivatives. The derivative in the 
first section (trisulfides) are all oils, freezing at about room temperature, 
immiscible in water, but soluble in the ordinary organic solvents. The 
members of the second section (disulfide-sulfones) are with one exception 
crystalline substances of sharp melting point, very slightly soluble in hot 
water, somewhat more so in hot dilute nitric acid, and easily soluble in 
hot alcohol. The members of the third section (ti-sulfones) are high 
melting substances, insoluble in water and nearly so in alcohol, but easily 
Crystallized from hot nitric acid. In the case of iaobutyl-, secondary 

u 
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butyl-, and amyl mercaptans, the supply on hand was so small that 00 
attempt was made to develop the full series possible with them. 




Sulfar 



M 

P 


Ntmc 

-- 

— 


— 

ft p 

(tort ) 


CFtormuJ*.) 

Calc 

Found 

•c 

°C 

Remark,. 

Bk(^H5tkyl-mercapto-€thyl) sulfide 

45 

71 

45 

43 

173-5 

17 

O 

»** *■ «■ 1.5150, odor 

(fitSCHjCHs)jS 



45 

31 




rather unpleasant, 









and persistent 

Bis(fi-propyl-mercapto-ethyl) sulfide 

40 

33 

40 

12 

193-5 

2 ** 

5 


(PrSCH«CH,),S 



19 96 





Bis(fi-butvl-tnerca.ptoethyl) sulfide. 

36 

09 

35 

53 

222-3 

17 

5 

d” 1 102, n n • » 

(BuSCH,CH,),S 



35 

3i 




1 5455 

Bis(fS-amyl-mercapto-ethyl) sulfide 

32 

65 32 

4 i 

170 

20 

0 


(i-AmSCHjCEWjS 



32 

01 





Bis(d-methyI-mercapto ethvl) sulfone 44 

86 

44 

39 


77 

0 

Brilliant white 

(MeSCH,CH,),SO, 



44 

61 




leaflets 

Bis(fi.ethyl-jnercapto-ethyl) sulfone 

39 

67 39 51 


64 

0 

Long thin white 

(EtSCHjCH,)jSO, 



39 

44 


fi 4 

0 

plates 

Bis(fi-propyl-mercapto-ethyl) sulfone 35 

55 

35 

31 


75 

5 Tbm white waxy 

(PrSCHiCHj)jSOj 



35 

44 




plates 

Bis(fi-butyl-mercapto-ethyl) sulfone 

32 

3 i 

32 

10 


73 

7 

Shining white needles 

(BuSCH,CH,),SO, 



32 

14 





Bis(fi-t-butyl-mcrcapto-ethyl) sul¬ 









fone. 

32 

21 

32 

20 


94 

2 

Shining white needles 

(*-BuSCH,CH,) t SO l 



32 

11 




(broader) 

Bisffi - (sec )buty! - mercapto-ethyl) 









sulfone 

32 

2! 

32 

18 


>5 

0 Oil 

(free )BuSCH,CH,),SO, 



3 2 

07 





Bis(fi-amyl-raercapto-ethsl) sulfone 

29 

45 

29 

33 


91 

0 

Small white needles 

(*-AmSCH,CH,)»SO, 



29 

51 





Bis( 0 -ethyl-sulfonyl-ethyl) sulfone 

3 * 

57 

31 

21 


223 

0 

Shmmg small thin 

(EtSO,C HjCH,),SO, 



31 

29 




white plates 

Bis(fi-propy l-sulfonyl-ethy l) sulfone 

28 

75 

28 

70 


254 

0 

Thin white plates 

(FrSO,CH»CH,)»SOj 



28 

62 





Bis(A-butyl-sulfonyl-ethyl) sulfone 

26 

52 

26 

52 


266 

5 

Very' small white 


(BuSOsCHaCH 1) ,SO, (gray) plates 

The normal butyl derivatives are repeated for comparison. 

A consideration of the table brings out several interesting points with 
regard to the melting points of these substances. Among the trisulfides 
the propyl derivatives stands out by reason of its melting higher than any 
of the others (ethyl-, butyl-, isoamyl-). Among the disulfide-sulfones 
the derivatives from the normal mercaptans show a definite alternation 
in their melting points, resembling the series with aliphatic adds, glycol, 
and amines. The derivatives from mercaptans containing an odd number 
of carbon atoms melt higher than the adjacent derivatives from mer¬ 
captans of even number of carbon atoms. Thus the methyl -derivative 
melts higher than the ethyl- while the propyl-derivative melts higher than 
ah the normal derivatives below isoamyl-. The effect of the position 
of the carbon atoms is strikingly brought out in the butyl derivative*. 
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Jf$fe M-butyl compound melts at 73.7 °, the isobutyl- at 94.2 and tit* 
secondary-butyl- at 15,0°, < 

Reaction with Alcoholstes.—The reaction between dichloro-ethyl 
sulfide and sodium alcoholates now comes under consideration. Just 
as the phenols gave products similar to those obtained with thiophenol 
it was expected that the alcoholates would furnish derivatives similar to 
those of the mercaptides. Such, however, is not the case. The reaction 
S(CHaCHsCl)i + aNaOEt —► S(CH,CH,OEt) s + aNaCl (1) 
does not take place, or if it does the product indicated undergoes rapid 
decomposition. It seems that the chief product of the reaction is vinyl 
sulfide. This is easily understood, for alcoholic caustic soda frequently 
eliminates hydrochloric acid from aliphatic-halogen compounds forming 
unsaturated derivatives. The reaction here would be: 

S(CHjCHiC 1)2 + zNaOEt —► S(CH = CH,), + aNaCl + zEtOH (2) 
It might be considered that the mechanism of the reaction is bettered by a 
combination of (1) with the reaction 

S(CH,CH s OEt)j —► S(CH = CH S )« + 2 EtOH. 

ExperimentaL 

The trisulfides were prepared by adding 0.1 mole of dichloro-ethyl 
sulfide to an absolute alcohol (it was later found that 95% alcohol and 
sodium hydroxide acted as well) solution of 0.2 mole of sodium mer- 
captide, prepared by dropping 0.25 atom of sodium into 100 cc. of absolute 
alcohol and then adding 0.2 mole of mercaptan. The reaction mixture 
was wanned on a steam bath under a reflux condenser for '/* hour to 
cause the separation of sodium chloride, and then poured out into water. 
The product separated as an oil sinking to the bottom. The oil was 
separated, dried and distilled in vacuo. The yield was very good when 
pure mefcaptans were used. Considerable difficulty was encountered in 
obtaining the pure isoamyl derivative because, as later found out, the 
original mercaptan (Kahlbaum's) was less than 70% pure, introducing 
considerable impurities difficult to separate. The distillation of these 
oil* m vacuo proceeded very smoothly, no bumping or decomposition 
being observed. 

The disulfide-sulfones were obtained is an analogous fashion from 
dichloro-ethyl sulfone and the mercaptides. These substances all sepa¬ 
rated as crystalline bodies on pouring the reaction mixture into water and 
WWe then tecrystallized to constant melting point out of alcohol. Their 
Solubilities in cold alcohol (i8* e ) ranged from 1 to 4 g. while in hot alcohol 
"they were ah quite soluble. 

is "The preparation of the other compounds discussed was exactly analogous 
•t» die methods outlined for the corresponding phenyl derivatives. 

, *® , ‘ R**ctioB with Alcoholates. —In the reaction between dichloro-ethyl 
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sulfide and the sodium alcoholates the product was apparently the same 
independent of nature of the akoholate used. The reaction gave a 
separation of sodium chloride from the alcohol solution just as usual but 
the oil obtained on pouring into water was low boiling and had an odor 
resembling that described for vinyl sulfide. An unpurified lot erf the oil 
distilled over at 60-70° with polymerization. Vinyl sulfide 1 boils at 
102° but the lot distilled, no doubt, contained water and this together 
with the recognized abnormally high vapor pressures of vinyl sulfide at 
temperatures down towards room temperature could easily cause distilla¬ 
tion at 60-70°. The products continually polymerized on redistillation 
and could not be obtained pure. This polymerization of vinyl sulfide has 
been previously observed 1 


IV. Products by Condensation with Aromatic Amines. 

Attention has already been called to the preparation by Clarke of 
several of the 4-alkyl-1,4-thiazans by the condensation of aliphatic amines 
with dichloro-ethyl sulfides. In his work the condensation 

H \ 

S<(CH,CH,C1), + >NCH, —*- S<(CH,CH,),>NCH, + aHCl, 

W 


was carried out in absolute alcohol in the presence of dry sodium acetate 
at 100 0 (sealed tube). 

In the present investigation the aromatic amines have been condensed 
with dichloro-ethyl sulfide and sulfone, yielding respectively 4-aryl-i,4- 
thiazans and 4-aryl-i,4-sulfonazans 


>0 


< CH,CH,C1 H 

CHjCHjCl H- 

/CH,CH,C1 IK 

°’< + >< > 

'CHiCHjCl W N ' 


CHj ■ 


< H,CH, 

HjCH,' 
/CHjCH: 

tvs 

V CH,CH 1 - 


>0 

1 

s 0* CH >O 

'rH.ru/ >—' 


+ iHCl 


CH, + aHCl 


The sulfonazans are especially easy to prepare and work with. Thus, 
refluxing dichloro-ethyl sulfone with the desired amine in absolute alcohol 
solution in the presence of anhydrous sodium acetate gives the condensa¬ 
tion readily. The thiazans can not be made thus. However, if dichloro- 
ethyl sulfide and aniline are mixed in the proper proportions and allowed 
to stand overnight the liquid becomes a mass of light brown crystals. 
Prom such a product the 4-phenyl-1,4-thiazam can be obtained in fairly 
pare condition. The sulfonazans are more easily prepared in a similar 
way, ». r., dichloro-ethyl sulfone and aniline (or other aromatic amine) 
are heated to 130°, the condensation being then quite rapid, and from the 
cooled product the pure 4-phenyl-i,4-sulfonazan is obtained by recrystal- 
lization out of alcohol or < 311 . hydrochloric acid. 

1 Seramkr, Ana., 341, 93 (1887). 
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•C 
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1,4-thiazan.» 

17 87 

je 58 

108-tu 

Dull white product, not 

/n xCHaCHtv 


16 40 


pure Sol In hot 

toluene 

4-Phenyl-1,4-sulfanazan,.. 

15 >6 

>4 97 

123 3 

Clear gran crystals 

OO 


IS 09 



4-i-Cresyl-i ,4-suIfona?an . 

M ™ 

14 18 

13ft S 

White plates out of aq. 

/-X /CIbCHr, 

CH,<( >N< >so. 

x —^ n ch,ch/ 

14 06 


HC 1 Small gran 

crystals from alcohol 

4-0-Cresyl-i ,4-sulfonazan 

14 22 

14 31 

135 0 

hemlike, crystal aggregates 

/—V /CHaCHt\ 


14 12 


out of alcohol 


ck, Xch > ch/ 


Only one of the 4-aryl -1,4 - th iazan s was prepared because of the diffi¬ 
culty of obtaining these derivatives. The difficulty encountered was 
based on 2 facts, (1) their insolubility (causing inconvenience in purifica¬ 
tion), and (2) their secondary reaction with excess aromatic amine, ap¬ 
parently to break open the heterocyclic ring 



C*HiHNCHtCHiv 

7 s 

C»HiH N CHtCH* 


The compound resulting from the secondary reaction is easily soluble in 
dil. hydrochloric acid (quite in contrast with the thiazan), yielding in 
alkaline solution an oil heavier than water, which is Only slightly volatile 
in steam. The composition of this substance has not been determined 
but there seems little reason to doubt that it is of the nature indicated 
in the equation. 

The only method that has been found to yield the phenyl thiazan is 
to let the aniline and dichloro-ethyl sulfide mixture stand several days. 
Actually 2 moles of aniline are used for one mole of dichloro-ethyl sulfide 
in order that the liberated hydrochloric acid may be taken care of. Thus 
there is present one mole of excess aniline, and tare must be exercised in 
order that the secondary reaction does not gain headway. The secondary 
reaction goes to completion if the reaction product is heated on the steam 
bath, giving an amber-colored dear solid (when cold) which dissolves 
completely in hot water. In the cold, however, the secondary reaction 
Sa negligible mid the a n il ine hydrochloride may be leached out by water 
without harming a product which has been allowed to condense for severed 
days at room temperature. 
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Dibhloro-ethyl sulfide heated with i moles of o- or p-toluidine also 
gives water-soluble products. The reaction in the cold has not been 
studied. 

Ia the condensation to form the sulfonazans the secondary reaction 
is not so important. Thus condensation at 130° gives 4-phenyi-i4* 
sulfonazan in about 50% yield. It is, however, hardly to be doubted 
that some of reactants here also take part in a similar secondary reaction. 
Several attempts to prepare the sulfonazans from a- and / 3 -amino-anthra- 
quinone failed completely. 

The alkyl thiazans prepared by Clarke are basic compounds of which 
the hydrochlorides and picrates are easily obtained. The lower members 
are very strong bases, very soluble in water and organic solvents and 
Fuming in the presence of acids. The properties of the 4-phenyl-1,4- 
thiazan present a sharp contrast. It is insoluble in water and most 
organic solvents and its basic tendencies are almost negligible, it being 
only slightly soluble in hot hydrochloric acid. 

The aryl sulfonazans present an interesting class of substances. They 
are easily obtained by the method outlined in this paper but can not be 
obtained by the oxidation of the aryl thiazans as one might conjecture 
from a comparison of the formulae. Not only from the point of view 
of a new heterocyclic type but also regarded as another group of tertiary 
aromatic amines they abound with possibilities. It is hoped that work 
may soon be carried out to ascertain their adaptability to the various con¬ 
densations effected with the ordinary tertiary aromatic amines. Particular 
reference is had to the condensations resulting in the production of 
various dyes, *. e., malachite green, crystal violet, etc. 

Experimental. 

Preparation of (4)-Phenyl-(i^)-thiazan. —50 g. of dichloro-ethyl 
sulfide was mixed with 60 g. of aniline and let stand 3 days or more 
(solidification took place overnight). The brown crystal mass was 
leached twice with boiling water and once with very dilute hydrochloric 
acid to remove the last of the aniline. The residue was dissolved in hot 
io% hydrochloric acid and poured into a large volume of cold water. 
The product separated fust as gummy drops but on boiling the water 
these became completely solid. This grayish white product was filtered 
off, leached 3 times with 100 cc. portions of boiling alcohol and finally 
recrystallized from toluene. Even then it did not give a sharp melting 
point (108-111°) showing the purification to be still incomplete. 

Preparation of the (4)-Aryl-(i4)-suhfonazans. —0.2 mole of aromatic 
amine was mixed with o.t mole of dichloro-ethyl sulfone and heated to 
130° for 10-15 minutes. The condensation was rapid with resultant 
solidification of the product. This was dissolved in cone, sulfuric acid and 
poured into water. The crude crystal product separated and was re- 
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crystallized out of alcohol or dil. hydrochloric acjd to constant melting 

V. Products by Other Reactions. 

In this section, on account of its miscellaneous character, the eaepert- 
jpental matter is included in the discussion of each particular reaction. 

Di-iodo-ethyl Sulfide, -sulfoxide, and -sulfone.~The replacing of the 
Chlorine atoms is easily carried out in each case by refluxing for 2 hours 
with an alcoholic solution of sodium iodide. The iodo compounds are 
obtained in good yields. They are much less soluble in water and alcohol 
than the corresponding chloro compounds. It is reported that Grignard 
used the di-iodo-ethyi sulfide as the basis of a test for mustard gas. He 
passed air supposed to contain the latter through a solution of potassium 
iodide in water and a resultant yellowish precipitate showed a dangerous 
concentration of mustard gas. 

The reactions involved in the preparation of the iodo derivatives are 
evidently 

SlCHjCHjCl)* + 2NaI —► S(CH*CH»I), + zNaCl 
OS(CH,CH,Cl)j + 2NaI —► OS(CH»CHjI)t + 2NaCl 
OjS(CHjCHjC 1 )j + 2NaI —► ChSCCHjCHjI), + zNaCl 

After the refluxing was over the alcohol solution and the separated 
crystals were poured into cold water. The di-iodo-ethyl sulfide separated 
in brown solid lumps, becoming yellowish white on shaking with sodium 
sulfite solution. Recrystallized twice out of alcohol the melting point 
remained at 55-60°. This substance darkened slowly at room tem¬ 
perature and at elevated temperatures rapidly became black. It is in¬ 
soluble in water, very slowly hydrolyzed by alkali, only slightly soluble 
in cold and moderately in hot alcohol. The determination of iodine by 
decomposition with sodium ethylate and weighing as silver iodide gave 
75.09% and 74 - 83 %. calc. 74 - 27 %- 

The di-iodo-ethyl sulfoxide was obtained first as brown crystal product 
but after recrystallization out of alcohol became almost white and melted 
constant at 104.5° (corr.). It is easily soluble in hot alcohol but only 
moderately so in hot water. It crystallizes from water in small needles. 
Analysis gave 70.45% and 70.81% iodine, calc. 70.95%. 

Di-iodo-ethyl sulfone was obtained as a white crystal product, re- 
crystalfizing out of alcohol in beautiful fine needles melting at 203° after 
softening at 198°. It was practically insoluble in water and cold alcohol 
and only moderately soluble in hot alcohol. It was the most stable of the 
iodo-derivatives. Analysis gave 68.46 and 68.14% iodine, calc., 67.91%. 

Bis- 0 -thio-ethyl Acetate/ S(CH,CH } OOCCH,),.—This compound, 

1 ft is impossible that the oil which Clarke (/. Chem. Sof., tor, 1586 (1913)), ob¬ 
served could have been this diacetate, for it would have been completely hydrolyzed 
is hie procedure. 
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w^ich is the diacetate of the “mustard residue,” S(CHjCH*)i, was ob¬ 
tained only with considerable difficulty Several attempts to prepare 
it by the reaction of sodium acetate on dichloro-ethyl sulfide in alcohol 
solution failed, owing to hydrolysis and alcoholysis. The sodium chloride 
separated and the odor of ethyl acetate was distinct but none of the de¬ 
sired product was obtained. It was found that the desired reaction 
took place smoothly and in good yield if carried out in glacial acetic acid 
solution: 

S(CH,CH,C 1 ), + cNaOOCCHj —»- S(CH»CHjOOCCHa) s + cNaCl 
Thus 15 g. of anhydrous sodium acetate was healed with 13 g. of dichloro- 
ethyl sulfide in 50 g. of glacial acetic acid on a steam bath for 6 hours. 
The sodium chloride was filtered off and the oil distilled in •vacuo. After 
taking off the acetic acid up to ioo° at 30 mm. the rest came over prac¬ 
tically constant at 155-6° at 20 mm. d !0 , 1.132; n ni 1.4720. This did 
not freeze at —20°. It is rapidly hydrolyzed by water. Advantage was 
taken of this in checking the composition. 

1.4492 g. of diacetate was heated on a steam bath with 150 cc. of o. 1124 
N potassium hydroxide solution for 2 hours. The excess of alkali was 
found by titration to be 25.0 cc.; whence the alkali used was 0.01405 
mole. Theory requires 0.01407 mole according to the equation 

S(CH^H 1 OOCCH,) I + 2KOH —*• S(CH s CH,OH), + zKOOCCH,. 

Miscellaneous Reactions. 

Finally there have been a number of other reactions more or less super¬ 
ficially investigated but, on account of lack of time, without isolating the 
derivatives which are assumed. 

Satisfactory evidence has been obtained to show that dichloro-ethyl 
sulfide forms sulfonium compounds. Thus a solution of 0.2 g. of the 
sulfide with 0.7 g. of methyl iodide in 20 cc. of 70% alcohol had originally 
at 50° in a certain cell a resistance of 2100 ohms but after 4 hours at this 
temperature the resistance had dropped to 8 ohms. This great rise in 
conductivity can only be explained by the formation of a strong electrolyte, 
such as a sulfonium iodide, in the solution. Neither the rapidity of the 
rise in conductance nor the actual amount of the rise could be explained 
by hydrolysis. This was apparent from parallel experiments in which the 
dichloro-ethyl sulfide was hydrolyzed not by water, as would have to be 
the case above, but by alcoholic sodium hydroxide. 

The Friedel-Craft's reaction between dichloro-ethyl sulfide and benzene 
or toluene in the presence of aluminum chloride has been found to proceed 
smoothly and to yield waxy solids. Several attempts to prepare the 
Grignard reagent from dichloro-ethyl sulfide failed, as did also an attempt 
to remove the chlorine by sodium in absolute ether as in the Wurtx 
synthesis. 



OREGON B. HSUfelCB AND B- BMMBT KBTD. 


In dosing it Is desired to direct attention to the manifold variations 
Safiong these derivatives, their interesting possibilities and the wide 
Opportunities for further research in this field. 

' Conclusions. 

The reactivity of the chlorine atoms in dichloro-ethyl sulfide and its 
oxidation products has been demonstrated. The study of this reactivity 
has led to several new types of derivatives. Compounds of the type, 
RSCHjCHiSCHjCHsSR, were investigated where "R” was either aro¬ 
matic or aliphatic. The remarkable Stability of the sulfur-carbon chains 
has appeared of general nature. Of the structure, (ROCH*CH*)jS it was 
found that only those products could be obtained where "R” is an aro¬ 
matic radical. Thus it seems that the stability of this structure is quite 
dependent on the nature of the radical "R.” The tendency towards the 
formation of a heterocyclic 6-membered ring seems especially strong. 
This is brought out not only in the thiazan and sulfonazan condensations, 
but also in the formation of the substances diethylene disulfide, 
S<(CHjCH»)»>S and diethylene sulfide-sulfone S<(CHjCHa)j>SOj. 
The rapidity of hydrolysis of the diacetate, (CHjCOOCHiCHj)jS, which 
may be regarded as 2 molecules of ethyl acetate linked together by the 
replacement of a / 3 -hydrogen atom in each ethyl group by one sulfur atom, 
points out clearly the decrease in esterifying power effected by such 
substitution. 

Physiological Effects. 

A large number of the compounds prepared have been submitted to 
Dr. E. K. Marshall, Jr., and Mr. J. W. Williams, Jr., for study in the 
Pharmacological Laboratory of Washington University, St. Louis. We 
are indebted to them for the following brief summary of their findings. 
They will publish a more complete report in the Journal o) Pharmacology 
and Experimental Therapeutics. 

"In view of the related structure 0/ these compounds to the highly physiologically 
active dichloro-elhyl sulfide, it is interesting to examine their physiological properties 
Hie slight solubility of most of the compounds in water, and sometimes even in alcohol 
or olive oil has rendered this extremely difficult A number of the compounds have 
had to be omitted entirely on account of their being so nearly insoluble in water and in 
olive oil. 

“Mustard pis is a very' active skin irritant, but the susceptibility of different 
individuals varies widely Dichloro-elhyl sulfoxide produced mild erythema In one 
susceptible individual only, and does not appear to possess the typical slrin irritant 
action of mttslard gas. Dichloro-ethyl sulfone in aqueous alcoholic, or ohve Oil’ solution, 
produces an effect on the skin which appears to be similar in all respects to that pro¬ 
duced by mustard gas. Typical vesicles with edema, and erythema were produced 
With a 5% alcoholic solution. A 1 % solution in olive oil produced a positive reaction 
in only one oat of four individuals tried It appears, therefore, to be less active than 
the sulfide. The di-iodo-ethyl sulfoxide resembled tins corresponding chlorine cora- 
poaad, giving a slight erythema jn one indivi dual. Di-iodo-ethyl sulfoxide is very 
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Insoluble but « a.5% solution in alcohol produced positive reactions in two out of four 
individuals tried. The di-acetate derivative applied as the pure oil produced wild 
reactions in all individuals tried. It is much less active than mustard gas. The 
following compounds in 1% solution in olive oil produced no reaction when applied 
to the skin of two individuals who were very susceptible to mustard gas, oncf the other 
compounds mentioned above: 

(EtSCHjCHs)jSO* and /> H,CC 8 H 4 N<(CH ! CH,)j>SO i . 

“The following produced no effect iu 2% solution in olive oil- 
(EtSCHjCHi)jS, (FrSCHxCHj) jSOi, IBuSCH.CH.j.SO,, (i-BuSCH s CH,)^ 0 », 
(PhOCHjCHj)iS, (PbOCH »CH -i1SO1, (PhSCIHCH.itS and VhN<(CH,CH s ),>SOj. 

“AU substances were tested in saturated aqueous solution for antiseptic or bac¬ 
tericidal properties against bacillus coli and staphylococcus aureus The great majority 
showed absolutely no indication of any antiseptic or bactericidal power, a few showed 
some slight antiseptic power; and (ClCHrCHrliSOj and (ICHiCHibSOi killed the or¬ 
ganisms iu 24 hours, but not in one hour. Further investigation revealed that the 
antiseptic properties of these substances were not of a high order. Incidentally these 
arc among the most toxic of the derivatives for animals, and both irritate the skin. 

"The compounds were dissolved in olive oil and the toxicity tested by subcutaneous 
injection into white mice.. The di-iadc-ethyl sulfone and dicklaro-cthyl sulfone are the 
most toxic of the compounds investigated, the former being considerably more toxic 
than the latter. The other compounds can be arranged in the order of their toxicity 
as follows: 

(CICHjCHdiSO, (ICHiCHi)jSO, CEtSCH,CH,l;SO,, (PrSCHrCH.BSO,. (BuSCH,CH,V 
SO,. (1- BuSCH = CH-)rS. 

The following compounds are all less toxic than the above, but the fatal dose was 
not determined: 

(EtSCHjCHj)iS, (CH»COjCHiCHj)jS, (PhOCHiCH,)^. (PbOCHrCH.^SO,. (Ph- 
SCHjCHjjtS. PhN<(CH;CH:)i>SOi and p-CH,C,H,N<fCH»CH,) s >SCV’ 

Summary. 


The following new compounds have been prepared.— 


Name, 

Formula. 

M. p. 

Bisf3-chloro-ethyl) sulfoxide. 

fClCHjCHslrSO 

top.5° 

Bis(fi-chloro-ethyl) sulfone. 

(CICH.CHsjsSO, 

56.0° 

BisO-iodo-ethyll sulfide. 

(ICHtCHj)rS 

55-fio” 

Bis(B-iodo-etliyl) sulfoxide. 

(ICH.CH,),SO 

104.5° 

Bis(/9-iodo-ethylj sulfone.. 

(ICHrCH))rSOj 

203 °.o 

Bis(fJ-phenyl-mercapto-ethyl) sulfide. .. 

(PhSCHjCH,)jS 

57-5° 

Bis(ff-pheoyl-roercapto ethyl) sulfoxide.. 

(PhSCHjCHiJjSO 

121 .0° 

Bis(S-phcnyl-rocrcapto-ethyl) sulfone . 

(PhSCH.CH.VSO, 

104.5° 

Bisfd-phenyl-sulftnyl-ethyl) sulfoxide . . 

(PhSOC HsC Hj)»SO 

161°.0 

BisO-phenyl-sulftnyi-ethyV' sulfone.... 

(PhSOCHjCHj'/jSOt 

164°.0 

Bis(d-phenyl-sulfonyl-ethyl) sulfone.... 

(PhSOiCHjCHiliSO; 

235°.0 

BisffPpheooxy-ethyl ) sulfide. 

(PhOCHiCHs)jS 

54-»* 

BwIjJ-phenoxy-ethyl) sulfone.. 

(PhOCHjCHj)jSOj 

108.0° 

Bisfd-^-cresoxy-ethyl) sulfide. 

(p-CH,.C<H..OCH,CH s ),S 

78.0*. 

Bis(d-p-cresoxy-ethyl) sulfone. 

(^CHr-CsHrOCHrCHtlrSO. 

120.0® 

Bisfd-e-crewxy-etbyi) sulfide. 

(< \_J> OCH ’ CH, )* S 

CH. 

46-3° 

Bis(Aor-naphthoxy-ethyl) sulfide. 

(a-C,,H,.OCfI,CH,),S 

94-3* 
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J&sO.tfjmphtfaoicy-etiiyl) sulfide,.. 
Bi*()S,/ 3 -liaphthoxy-ethyl) sulfone.. 

8ls(0-van(lloxy-ethyl) sulfide . 


Bisf/S-euncEOxy-ethyl) sulfide. 


Bis(d-tnbromo-phenoxy-ethyt) sulfide 

Bis(fi-butyl-mercapto-ethyl) sulfide 
Bis(/S-butyl-mercapto-ethyl) sulfoxide 
Bis(^-bntyl-mercapto-ethyl) sulfone 
Bis()S-butyl-sulfinyl-ethyl) sulfoxide 
Bis(^-butvl-sulfinyl-ethyl) sulfone 
Bis(/S-butyl-sulfonyl-ethyl) sulfone 
Bis(£ cthyl mereapto-ethyl) sulfide 
Bis(d-ethyl-mercapto-ethyl) sulfone 
Bis(0-ethyl sulfonyl-ethyl) sulfone 
Bis(d-methyl-tnercapto-etbyl) sulfone 
BtsO-propyl-mercapto-ethyl) sulfide 
Bis((3-propyl-mercapto-ethyl) xulfone 
Bis(0-propyl-sulfoayl-ethvl) sulfone 
Bisf/S-isofmtyl-mercapto-ethyl) sulfone 
Bisf/S-set -butyl-meicapto-etbyl) sul¬ 
fone 

Bisfd-smyl raercapto-ethyl) sulfide 
BisCfi-amyl-mercapto-etbyl) sulfone 
4-Phenyli ,4-thiaean 
4-Phenyl-1,4-sulfanazan 
4-p-Cresyl-i^-sulfonazan. 

4-0-Cresyl-1,4-sulfonazan 
Bis(/ 5 -tluo-ethyl acetate) 

Baltimore Mo 


Formula. 

U.p. 

. (d-C»Hj OCHtCH,)vS 

129 - 0 * 

. (g-CioH, OCH»CH,)»SQ« 

l$l 0 ° 

(OHC<^ )>OCH,CH,)iS 

I3< 5° 

OCH, 

(CH, - CHCHi<^ y'OCHiCH^tS 113 5° 

Br OCH, 

CHtCH,)sS 

118 5 ° 

Br 

(BuSCH,CH s ),S b p 222 - 3 ° 

17 5° 

(BuSCH,CH,),SO 

25 - 0 ° 

(BuSCH,CH.).SO, 

73 7 ° 

(BuSOCHiCHi)iSO 

196° 0 

(BuSOCH,CH,),SO, 

171 O* 

(BiiSO.CH,CHs)tSOi 

266 J° 

(EtSCH,CH,),S b p 173-5° 

17 0° 

(E tSC HjCH,) ,SO» 

64 o° 

(EtSO : CH.CH,),SOa 

223 0“ 

(MeSCHjCHjl^O, 

77 0 ° 

(PrSCH,CH,),S b p 193 - 5 ° 

27 5 ° 

(PrSCH a CH,)p50, 

75 5° 

(PrSO,CH,CH,i,SO, 

254 °-° 

(*-BuSCH 2 CH,) 2 SO, 

94 2° 

(/sec ,)BuSCH,CH,) r .SO- 

15 »' 

(AmSCH,CHj)s6 

20 o° 

(AmSCH,CH,)iSOj 

91 0“ 

PhN<(CHrf:H ! ) s >S 

108-1 n“ 

Ph N<(CH,CH,),<SO 

12 3 5° 

p CH, C.H.N < (CH,CH,),> SO, 

>36 5 ° 

0 -CH 1 CjH, N<(CH,CH,),>SO» 

135 0° 

(CH*COOCH,CH,)*S b p 155 - 6 ' 

(20 mm.) 
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ON THE NONEXISTENCE OF VALENCE AND ELECTRONIC 
ISOMERISM IN HYDROXYLAMMONIUM DERIVATIVES. 

By Arthur Michael 
Received March 9. 1920 

In. 1894, Dunstan and Go aiding 1 showed that trimethyl-hydroxylam- 
monitnn iodide is the sole substitution product fanned in the action of 
methyl iodide on an excess of hydroxylamine; later,* that the base set free 
from that salt represents a hydrated trimethvlamine oxide. Further, that 
methyl iodide unites at ordinary temperature with the product to give 
the iodide of an ammonium base, to which they assigndS the structure 
t Prac Chem Soc., 10, 138 (1894); Cheat. News, 69, 308 (1-894). 

* J Chem. Sec., 69, 839 (1896); 75, 79a, 1005 (1899). 
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(CH*)*N(QCH»)I, and which is decomposed by caustic potash into the 
amine oxide and methyl alcohol A later examination of these reactions 
and products by Meisenheimer 1 has led to results and conclusions of great 
theoretical interest. This chemist, who prepared the amine oxide in a 
free state, found that the hydroxide obtained from the addition product 
with methyl iodide is capable of existing only in dil. aqueous solution, 
and decomposes an evaporation of the solvent into trimethylamine and 
formaldehyde, not into the amine oxide and methyl alcohol, as Dunstan 
and Goulding believed. On the other hand, by treating the amine oxide 
chlorohydrate with sodium methylate dissolved in absolute methyl alco¬ 
hol, a solution was obtained which left the amine oxide as a residue on 
evaporation. 

Meisenheimer 1 had previously assumed the particular valence in am¬ 
monium derivatives uniting the nitrogen with the acid radical to be differ¬ 
ent from the 4 other valences. Representing this valence by (5), it is 
evident that the structures of these 2 bases are identical, except that the 
hydroxyl and methoxyl groups are linked to nitrogen by different valences: 

hci /OH (4) /OH 4 ) 1 

(CH,),NO —(CH,),N< —► (CH,)/ (I) 

\cKs 3 NuOCH, X OCH,( 5 ) 

CHal /OCH,(4) /OCH,(4) 

(CHj)jNO —► (CHi)»N<f — > fCH,),N<' (II) 

\j (5 ) AgOH X)H(s) 

The existence of this remarkable kind of valence isomerism* was further 
confirmed by preparing 3 pairs of similarly constituted, bisubstituted 
derivatives that show the same striking contrast in the products of de¬ 
composition. For instance, the compound from the amine oxide and 
methyl iodide yields, by double decomposition with sodium ethylate or 
propylate, products that break up on evaporation of the alcoholic solu¬ 
tion into trimethylamine, formaldehyde and ethyl or propyl alcohol. 
On the other hand, the isomeric derivatives, obtained from the addition 
products of ethyl and propyl iodides and sodium methylate, decompose 

> Ann., 397, »73 (1913)- 

* Ibid., 38s, 117 (1911). 

* There Is no decisive evidence that the solution before evaporation contained this 
product, as the reaction may proceed through the formation of (CHjljN (ONa)Cl, which 
would decompose into the amine oxide and salt 

4 Meisenheimer (Ann. 397, *73 (i9i3)i, believes that the non-equivalence or 
inequality of the j nitrogen valences is the cause of the assumed isomerism, and it seems, 
therefore, appropriate to designate its valence isomerism; although Werner has used 
that expression in a somewhat different sense. It is hardly conceivable that the bound 
energy holding the chlorine and hydrogen in the ammonium chloride molecule is equal 
in value, and, from that point of view, an inequality certainly exists between the energy 
relations in these atoms. It cannot cause isomerism, however, as a readjustment in the 
energy relations must take place with a chemical change in the molecule. 
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ethy l, resp., propyl aldehyde, methyl alcohol and trimethylamine. 
> preparations mid isomerism are expressed by: 

cai /OCHi( 4 ) /OCH,( 4 ) 

(CH»)»NO —► (CH,)»N< —► (CH,),SK (HI) 

\l (s) NaoCiHi \oC0t»«5) 

CtBiI yOCjHj(4) X)CjH» 

(CH,)«NO —► (CH,),N< —► (CH,),N< (IV) 

\ I(s) NaOCHj NDCH,(s) 


Meisenheimer calls attention to the fact, that it is always the alkyl radical 
joined by valence (4) which is split off as an aldehyde, and believes the 
“reaction proves that the two alkyloxyl groups are not joined to the nitrogen 
atom in the same manner.” 1 Willst&tter’ had suggested “oxonium” struc¬ 
tures for the salts of the amine oxide, and also for the hydrated base, 
but Hantxsch and Graf* showed experimentally that the properties of the 
compounds are not compatible with such an interpretation. Later, 
Werner 4 expressed a similar view in terms of his ammonium hypothesis, 
but Meisenlieimer in the first paper, 6 and later,* in a discussion of the 
subject with Fromm/ showed that the suggestion is not tenable. 

Meisenheimer’s explanation is based on a modified interpretation of 
Werner’s ammonium hypothesis, and he assigns the following struc¬ 
tures to IIJ and IV: 



(III) (IV) 

but with the reservation that they only represent the structures correctly, 
if, in opposition to Werner’s views, “all five radicals are joined to nitrogen 
by main valences, four m the inner and one m die outer zone."* According 
to this interpretation the isomeric trimethyl-methoxylammonium hy¬ 
drates, designated above as I and II, are represented by; 



(I) (II) 

The subject has also been considered by L. W. Jones’ from the viewpoint 
of the "electronic” hypothesis. This chemist assumes that the methoxyl 
1 tec . cit .. 277. 

* Ser ., 33,1638 (1900). 

* Ibid., j8, an54 (1915). 

4 "Neowe Anschautmgen,” pp. 310, 304 (*909). 

* tec. dt., 278. 

' -*««., 999, 371 (1913). 

' tUi ., 866 and 377. 

* Ana., 397,383 (1913). 

* Tare Joannas,, 36,1384-88 (1914). 
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group Is positive in II and III and negative in I and IV, and represents 
the isomerism, and decompositions of the isomeric products, as follows; 

I (CHa + )» * N+ig^tc&’cs) = (CHj + ) s ■» N+±0 + CH a + — O — + H. 

II (CHj + )i» N?±g=t^f ) « (CHj + )» ^ N+±S- +h + H,C+± 0 . 

III <CH,+),-N;±g=tM) - 

(CH**),» N± + C*H» + — 0 — + H + H,C^tO. 

IV (CHj + ) a ® N+igZt® = 

(CH.+). » N± + CH a + — O — + H + HaCC(H)+iO. 


It is evident that the acceptance of either of these interpretations involves 
far-reaching modifications in the present conception of valence and its 
relation to chemical properties. Even if it were granted that the values 
of the valences joining the hydroxyl and methoxyl groups to the nitrogen 
in I and II differ quantitatively, or in the “electronic” relations, there is 
no precedent in chemistry for the assumption that a methoxyl group on 
hydrolysis should yield formic aldehyde; on the contrary, all established 
facts point unmistakably to that of methyl alcohol. If it is admitted 
that the valence of an atom may exist in several modifications, and that 
these may cause such radical differences in chemical properties, then a 
permanent correlation between the valence theory and chemical behavior 
no longer exists, and the theory will lose much of its precision and use¬ 
fulness in coordinating properties with structure. These remarks apply 
also to the explanations given for the breaking up of III and IV in differ¬ 


ent directions. 


The properties of substances of the type R 


X>CH, 


are well established, and, without exception, they show considerable 
stability towards heat energy, To suppose that the hydroxylammonium 
derivatives have such structures, and, notwithstanding, are so unstable 
that they break up on evaporation of the absolute alcoholic solution in 
vacuo is scarcely conceivable chemically. And, quite as much opposed 
to chemical precedents, is the formation of aldehydes and different 
products of decomposition from substances with such structures, irrespec¬ 
tively whether they are interpreted according to the Werner hypothesis, 
or, whether with Jones, positive and negative signs are arbitrarily con¬ 
nected with certain of the atoms. 

There is, however, no necessity to modify our conceptions on the re¬ 
lations between the valence phenomenon and the structures and chemical 
properties of substances. Derivative I, if it is formed in the action erf 
sodium methylate on the chlorohydrate of the amine oxide, must have 
the formula (HjC)iN(OH)OCH», and such a derivative should decompose 
easily Into the amine oxide and methyl alcohol. The isomeric product 
II, which is prepared from the addition product of the amine oxide and 
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3xWfeyHodide by double decomposition with silver oxide, has the structure 

{iljCJjNH/l (OH), and the formation of the corresponding iodo de~ 
'CHj 

rivative becomes evident when the properties of organic nitroso compounds 
are taken into consideration. 

Dunstan and Goulding’s assumption that methyl iodide adds to the 
amine oxide to form a methoxylammonium salt certainly appears to be 
a consistent theoretical conclusion, and, that the addition docs not pro¬ 
ceed in this manner, is due to the following reasons. Owing to the pres¬ 
ence of the negative hydroxyl group, hydroxylammonium hydrate has 
much less strongly developed basic properties than ammonium hydrate, 1 
which manifests itself in the marked tendency to form stable halhydric 
salts with the add component in a smaller molecular proportion than in 
the corresponding ammonium salts , s indeed, as by-products m the prep¬ 
aration of trimethyl amine oxide, di- and trihydroxylamine iodohydrates 
are formed, hut none of the normal salt.* The intramolecular neutraliza¬ 
tion of the atomic forces in trimethyl-meUioxy 1 ammonium iodide is, 
therefore, less complete than in the tetramethyl ammonium compound, 
and the tendency- to form a derivative of that type should be less pro¬ 
nounced. The course of the addition of alkyl iodides to the amine oxide 
is mainly directed, however, by the energy and affinity relations of the 
atoms in the nitroso group, that are so characteristically shown in the 
spontaneous isomerization of the primary and secondary nitrosoalkanes 
to oximes, Trimethylamine oxide also contains a nitroso group, but, 
like the tertiary nitrosoalkanes, it represents a stable product under ordi¬ 
nary conditions, because the free energy in the atoms of the group has 
been converted to a very considerable extent into bound energy and 
heat, through the direct and spatial intramolecular action of the numerous 
hydrogen and carbon atoms. 

According to the le Chatelier-van’t Hoff equilibrium law the effect 
of heat on the structure of trimethylamine oxide should be to strive to 
change it into one with a greater energy content. It may be expected, 
therefore, that at a certain temperature the amine oxide will have ab¬ 
sorbed sufficient energy to isomerize to (H*C) * N(CHj)*OH; a change 
that is favored by the increase in the affinity relation of hydrogen for 
oxygen ower that for carbon with the rise of temperature. The isomerized 
substance represents a condensation product of an aldehyde and dimethyl- 
ammonium hydrate, and, as such derivatives are very easily hydrolyzed, 
and, as the hydrated amine oxide on heating under ordinary pressure 

1 Mac &ay, Ctntr., 1908, X, i 9 ig. 

1 iRMsen, Amt., 160, 242 (1871). 

* Dunstan and Goulding, loc. cti. 
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parts with its water with difficulty, 1 the following changes take place: 2 
(CHt)«NO, HsO —> HjC = N(CH,)»OH + HtO = 

(H 3 C)jNH + HCHO + HsO. 
On heating the amine oxide sulfate with dil- sulfiuic acid, formaldehyde 
and dimethyJammonium sulfate are formed, and at a much lower tempera¬ 
ture (no®).* The decomposition is greatly facilitated under these con¬ 
ditions, for, in starting from the sulfate, a product much richer in free 
energy is not only used, but the quality is such, that it will be largely con¬ 
verted into bound energy and heat by the strong base formed in the re¬ 
action. Then, the affinity of the hydroxyl group for nitrogen, and that 
of the methyl hydrogen atom for the carbon, is decreased by such nega¬ 
tive influence, 4 and the additive capacity of water to unsaturated com¬ 
pounds is enormously accelerated by the intramolecular, dynamic con¬ 
ditions prevailing in the dilute, aqueous solution of the acid. s 

The isomerization of nitrosomethane to fonnaldoxirrie represents an 
intramolecular reduction of the oxygen and oxidation of the carbon; the 
hydrogen passing over to the oxygen not only on account of the quality 
and quantity of the free energy in it, but because in so doing an intramoleeu- 
larly well-neutralized, amphoteric substance is formed* The other 
course of isomerization is evidently barred, for a substance with the formula 
H t C - NH(= 0) would be vastly richer in free energy; indeed, if it could 
be prepared in another way, it should, on account of the much greater 
affinity of hydrogen for oxygen than for nitrogen and the energetic rela¬ 
tions in these atoms, spontaneously convert itself into the oxime. The 
primary reaction between the amine oxide and methyl iodide 
(H a C) 3 N0 + CHjI = (H 8 C),NH(OCH,I) 
represents an intermolecular reduction of the nitrogen and an oxidation 
of the carbon in the iodide. A hydrogen of the iodide passes over to the 
nitrogen, for the contrary course of addition would lead to the forma¬ 
tion of iodomethyl-trimethylammonium hydrate, (HjCl) (HaC)jNOH, 
which would be a strongly basic substance, and, as it would have a far 
greater content in free energy, its production would not represent the 
possible maximum entropy of the reaction. 7 The formula (HjC)jNH- 

1 Dunstan and Gouldirig, J. Chtm Sot., 75, 796 (1899)- 

5 Jmc. fit. Dunstan and Goulding state, "near 180° the base suffers decomposi¬ 
tion, formaldehyde and Irimcthylatnine being among the products,” but give no analyt¬ 
ical details. There can be no doubt that dimethyiamine must also be formed, as other¬ 
wise the appearance of formaldehyde would be quite inexplicable. 

* Loc. Ht. 

* This Journal, 3a, 99b (1910). 

' * Michael and Brunei, Am. Chem. 41, 118 (1909}; 48, 266 (1912). 

* Michael, This Journal, 31, 1000 (1910). 

7 Meisenheimer {loc. cit , 289) found that ethyl and propyl iodides scarcely react 
on the hydrated, but readily on the anhydrous amine oxide. This difference in be- 
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gX&sX) » evidently in accord with the formation of trimethylamiae and 
locmaMehyde by hydrolysis, but not with that of a platinichloride and 
WUrichloride from the corresponding chloro derivative, nor with the great 
chemical mobility of the halogen atom- In fact, all the addition products 
of the amine oxides and alkyl iodides act like salts of not very strong bases, 
as they are hydrolysed by water to the extent of forming strongly acidic 
solutions. 1 It must be assumed, therefore, that the CH*I group in the 
above compound reacts intramolecularly and additively on the basic nitro¬ 


gen atom 


(H,C)tNH (OCHtX) 


H X 

V/O 

(HtCbhK | 

x:h, 


to form the hydriodie acid salt of a condensation derivative of the un¬ 
stable trimethyiammoniuin hydrate and formaldehyde. This structure 
complies in every respect with the properties of the substance. The iodo 
compound, which may be called form-trimethyl-ammoniumhydroxide 
hydroiodide, owes its comparative stability to the intramolecular con¬ 
version of positive energy, centered at the nitrogen atom, by the negative 
of the halogen, 1 and a corresponding decrease in that property follows the 
replacement of the halogen by the much less negative hydroxy! group. 
Indeed, the hydroxide may exist only fo, a short time even in aqueous 
solution, and on evaporation of the solvent, a quantitative decomposition 
into formaldehyde and trimethylamine takes place-’ 

H OH 

(H*C)*N^( - (H,C)iN<fj 4- HjO = 

NlH, 'CH, 

(H,C),NHOH + CH,0 - (H,C),N + Hrf) + CH,0. 
The properties and decompositions of the isomeric compounds, obtained 


havior is undoubtedly due to the loss of free energy in the nitroso group accompanying 
hydration; the oxide is extremely hydroscopic, and the process undoubtedly proceeds 
exothermically, e., with conversion of some of its free chemical energy into heat. 

1 Hantxseh and Graf (Bcr., 38, 2136 (1905)! believe that a slight hydrolysis only 
takes place with solution, but Meisenheimer doc rU., 284) states that the solutions are 
strongly acidic. 

1 Bamberger and Tschimer {Btr,, 32, 1886 (1899)) found that the less basic di- 
methyfaniline oxide with methyl iodide gives formaldehyde and dimethylaailine iodo- 
hydrate on standing. This reaction proceeds in a similar manner to that with the 
fatty amine oxidea, { e, 

I H 

\/ 

C*HJl(CH,)dD + CH»I - C«Hj—N - (OCHrXCHd. - C*HrN(CH,),HI + CHrO 
bttt the addition product is even less stable. Formaldehyde reacts in an analogous 
manner, and the addition product breaks down into formic acid and the iodohydrgtc. 

* Meiscnhomer, he. til., 284. 



TUB NONEXISTENCE OP VALENCE, BTC. 


1339 


on treating the addition products at the amine oxide and alkyl iodides 
with, different alkylates, may now be explained. Far instance, the reac¬ 
tions between the amine oxide and methyl and ethyl iodides, and those 
of the addition products with sodium ethylate, respectively, methylate, 
may be represented as follows 

I H H,CjO H 

\/ yO NaOCaH, \7 A> 

<H,C),NO + CHjI » (H,C),N<( | —► (H,C)u\<( | 

X CH, 'CH, 

r H H,CO H 

\/ /O NaOCH, \/ /O 

(H,C)»NO + C,H,I - (H.O.NC t —>• (H t C),N<" | 

X CH—CH, XH—CH, 


It is evident, that substances of these structures must be quite unstable 
towards heat and water; indeed, Meisenheimer 1 found that they exist 
only in absolute alcoholic solutions, breaking up oa concentration into 
trimethylamine and an alcohol and aldehyde. 1 Further, the aldehyde 
must correspond to the alkyl iodide, since that product is oxidized in the 
addition to the amine oxide, and the carbinol to the sodium alkylate, 
which relations agree with Meisenheimer’s results. 

Rem sen and Norris* found that trimethylamine and chlorine unite to 
form a very unstable addition product, that decomposes easily in most 
air; with bromine a somewhat more stable product, (H*C)*NBri, was 
isolated, but it decomposes instantly with water, liberating an atom of 
the halogen as hydrobromic add. The same product is formed in the 
action of bromine on trimethylammonium bromide, and this formation, 
together with the behavior towards water, led Norris 4 to change the 
formula into (HiC)jNBr 1( HBr. This condusion implied the formation 
of hydrobromic acid, and it could be shown 5 that, on adding bromine in 
ether to trimethylamine in the same solvent, a precipitate of the bromo- 
hydrate is deposited, as long as the base is in excess. 

1 Lor. at, 177 

* The facility of decomposition into carbmols and (H,C)aN<T j is self-evident; 

^CHR 

the latter compound is a derivative of the unstable trunethylamroanlmn hydroxide, and 
its existence as a derivative in solution is due to substitution of the * hydrogens by an 
alkylidcne group Cyclic derivatives of this nature are easily decomposed, even when 
the nitrogen is trivalent, and a nng derivative with a pentavalent nitrogen could net 
show more than a slight stability Other substances containing halogen ate known, 
in which the nitrogen has a higher valence than j, r *, (HsC»)«NI,and 
(WeKzein, dnw., 91, 33 (1834)) 

*Am. Ckem J, 18, 91 (1896) 

4 Ibid., an, 51 (1898) 

4 lyx. at. 
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Hautzsch and Graf 1 re-established the older formula, by showing that 
& a toms of iodine are liberated on adding potassium iodide to a sedation 
Ofthe substance in acetic add. They endeavored to replace the bromine 
fat dhe compound by hydroxyl, but found that metallic oxides or hydroxides 
give trimethylamine, with metallic bromides and hypobromites, but no 
awinp oxide or its hydrate. 8 Hantzsch* used these results for speculations 
on the constitution of ammonium salts, and on the mechanism of double 
decomposition, which have a bearing on the subject discussed in this paper. 
That chemist compares the behavior of the amine dibromide with that of 
lead bromide 

/Br koh yOH 

PbC —► Pb< —► Pb(OH), —► FbO, H »0 

Nlr ^Br 


and believes the amine dibromide should react in a corresponding manner. 
For trimethyl-hydroxylammonium bromide represents a “very stable 
salt." 4 and the amine oxide is fairly stable. Hantzsch 4 believes the de¬ 
composition of the amine dibromide by potash into amine and hypo- 
bromous add to be unexplainable from the commonly accepted struc¬ 
ture of the compound; since (HjC)*N(OH)Br should be the intermediate 
product of the reaction, and that substance cannot decompose in the above 
manner. He finds, however, an “entirely satisfactory” explanation of 
these results in Werner’s ammonium hypothesis, and, accordingly, ex¬ 
presses the addition products with hydrobromic acid and bromine by 
[N(CHj) 3 H]Br and [N(CH,),Br)Br. The latter product should yield 
bromo-trimethylammonium hydrate, [N(CH*) a Br]OH, on hydrolysis, 
which should break up into trimethylamine and hypobromons add.* 
The behavior of triethylamine towards chlorine water has recently been 
studied by Mrisenheimer,* who shows that it is converted into a mixture 
of the chlorohydrates of di- and tri-ethylamine and acetaldehyde This 
interesting result is explained 7 by the decomposition of the first-formed 
product, (HiCs)jNCIj, into hydrogen chloride (H*Q)i(CH»CH**)NCl. 
and the hydrolysis of the latter substance into diethylamine cblorohy- 
drate and aldehyde; the acid set free unites with unchanged tertiary base, 
and protects it from the action of the halogen. It is now possible to ex¬ 
plain the apparently anomalous results obtained by Remsea and Norris 
in the behavior of bromine towards trimethylamine in excess, and that of 
the amine dibromide towards water. In the first reaction, some of the 

4 Bur., j 8 , 2157 (190$). 

* Ibid., 2161. 

* /Wd„ 2162 

* Loc. Bit. 

* Ibid ,‘ 3163 . 

* Ber.,46, 1160 (1913). 

7 Ibid., 1150, 
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amine forms the dibromide, which reacts with unchanged base to form a 
not isolated product, 1 undoubtedly (HaC)j(H 2 C=)NBr, and the salt of 
the tertiary base.- The amine dibromide with cold water undergoes the 
same decomposition, liberating '/r of the halogen as hydrobromic add. 

The behavior of the trimethylamine dihalides towards water is a 
characteristic organic reaction. 1 The ease of the elimination process 
is due to the loosening of the affinity between carbon and hydrogen 
by the negative NHaU group, 1 and the slight affinity between nitro¬ 
gen and halogen; the following phase is facilitated by the quality and 
quantity of the free energy at the unsaturated carbon and nitrogen 
of the intermediate product, (Hj,C) 2 (HjC=)NHal, for water. With the 
formation of dimethylammonium halhydrate, the free energy in the 
NHal group is very largely converted into bound energy and heat, and the 
possible maximum increase of entropy in the system is realized. 

The course of decomposition of the amine dibromide by water is de¬ 
termined by the strong affinity of water for hydrobromic add, and the 
comparatively weak affinity for bromine. With the addition of alkali 
to the mixture a substance with a great capatity to directly neutralize 
the free chemical energy in the halogen atoms is introduced into the sys¬ 
tem, and, as the expenditure of energy necessary to separate them from 
the nitrogen atom is inconsiderable, the amine dilialide behaves chemically 
as if it were practically a mixture of amine and halogen. A second de¬ 
termining factor for this course of the reaction is the slight affinity of 
oxygen for nitrogen, which is so manifest in the negative values of the 
heats of formation of the oxides of nitrogen, and remains compara¬ 
tively small, irrespective of the elements or groups to which the 
nitrogen atom may be joined. 1 For these reasons, when halogen in an 
organic substance is in direct union with nitrogen, it cannot be re¬ 
placed by oxygen or hydroxyl. The reactions proceed either, (1) with the 
elimination of halhydric acid, (2) the direct removal of the halogen, or (3) 
its replacement by hydrogen, according to the chemical nature and struc¬ 
ture of the substance, and the chemical character of the reagents. 

When the behavior of trimethylamine dibromide and lead dibromide 
are viewed, not from a rigid application of the valence hypothesis, but 
from the affinity and energy conditions of nitrogen and lead, it is 
evident at once that similar reactions could not be expected. Nitrogen 
has only a small affinity for oxygen and much less for halogen, decreasing 
from iodine to bromine and then to chlorine; even when it is joined to 3 

' Norris, loc. eti., 63. 

‘The dialky ichloroamines are decomposed by alkali in a similar manner (Berg, 
AM*. pkys„ [7] 3, 344 (1894)). 

* This Journal, 3a, 996 (1910). 

* Berthelot and Andrf. Comp!, rend., iro, 836 (1890). 
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plgrlfrotips, the affinity of nitrogen for halogen is slight, as is evident from 
## properties of the WMapounds. And, as these addition products we 
formed with a small conversion only of the free energy in the halogen atom 
into bound energy with the nitrogen atom, the energetic hindrance to adis- 
sodation into the component parts is inconsiderable. On the other hand, 
the affinity of lead increases from oxygen to halogen, i. e., in exactly the 
reverse relationship. And, a very considerable expenditure erf energy is re¬ 
quired to separate it from halogen, as the free energy of the halogen and 
of the metal has been largely converted in their union into bound 
energy and heat. The reaction between lead bromide and caustic alkali 
proceeds by double decomposition, because lead has a decided affinity 
for oxygen, as is shown in the considerable heat of formation of lead oxide 
and hydroxide, and the entropy increase with the formation of the latter 
compound and alkali bromide, must be far greater than it would be with 
that of metallic lead, alkali bromide and hypobromite. 

Willstrftter and Iglauer 1 found that hypochlorous acid reacts upon the 
tertiary base tropidine to form the N-chloro derivative of the secondary 
base norotropidine, and explained the result by assuming a decomposition 
of the primary product, R(CH 3 )N(OH)Cl, into RNC 1 and CH a OH. 
Hantzsch and Graf 5 showed that trimethylamine and hypochlorous acid 
form at ftfst the corresponding hypochlorite, and then dimethylchloro- 
amme. Under the supposition that methyl alcohol is the second product 
erf the reaction, Hantzsch 1 explains the result by assuming that the add 
may ionize to a slight extent also into Cl' + OH', and that it should, 
therefore, form some l(H 3 C),.NCl]OH, which may break up into base 
and add, or into the chloroamine and the carbinol. Even if the unproven 
and very doubtful ionization of hypochlorous add into Cl’ + OH' he 
accepted, the addition of these ions to the amine 4 must proceed with the 
possible maximum increase of entropy, that is with the formation of the 
salt derivative, [(H,C) 3 N( 0 H)]C 1 , and not with that of the basic substance 
fCSpCjjNCfjOH. But the first structure represents the product obtained 
from the amine oxide and hydrochloric acid, and that salt does not de¬ 
compose in the manner assumed by Hantzsch. 

1 Aer , 33, r636 (1900), 

* Ibid., 38, 2156 (» 905 ). 

t Ibid, 2163. 

4 Hypochlorous add is always used very dilute solution and must add a# an 
jleotrolyte, to form primarily * hypochlorite, which may rearrange to a mote stable 
riilorohydrol (Michael, / prat* C kcm., (a) 6«, 43 *. 4*3 (t«9?),‘ Michael and JLeigb- 
too, wr., 2157 \t$o6)). This assumption h essential tq explain tfce cottcw qf such 
additions to unsaturated hydrfjcarbous, ft is, therefore, unnecessary to suppose the 
presence of traces of C 1 ‘ + Oil', as the unstable amine hypochlorite way directly re- 
Mtaage to the more stable chforohydrol, but in that case, too. trimethythyditayl- 
amuKsrium chloride should he formed 
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Meisenbeimer 1 showed later that bypochlorous add does not react upon 
trimethylammonium chloride, and that it gives dimethylchloroainine 
in very small amounts with the free base. But better yields of that prod¬ 
uct are obtained by using the chloride and sodium or calcium hypochlorites, 
although these salts must be taken in a large excess. When 2 mol. equiva¬ 
lents only of the salts are used practically no chloroamine is formed, and 
the products are unchanged tertiary amine, with some dimethylamine and 
formaldehyde, which, and not methyl alcohol as was previously supposed, 
is the second product formed under all conditions. Me lsenheimer 5 accounts 
for these results by the presence of free chlorine in the reagents, which 
unites with the base to form the dichloride, and which on decomposition 
yields the products mentioned above. 1 

L. W. Jones* objects to this experimental solution of the problem on the 
ground that the dichloride would not persist to any extent in an alkaline 
medium of the character of the hypochlorites used, but should give tri- 
methyl-chloroammonimn hydroxide. 1 The decomposition of that prod¬ 
uct into dimethylamine and formaldehyde is explained “electronically” 
as follows:* 

—* (H 3 C + )j(H*C + ) * 

(HjC+)i(HiC±) f N -i-OH —>■ (H,C+) l (H ! Ct) = 

N + — OH ±HS£ (HjC)tNH 4- CHsO + H,0. 

This explanation is untenable for several reasons. In order to lose hydro¬ 
chloric acid the "electronic” signs between the nitrogen and chlorine of 
the primary’ product have to be inverted, but the “electromer” thus formed, 
which is the product assumed to undergo the decomposition, is no longer 
a derivative of ehloroammonium hydroxide, but represents an unstable 
“electromeric” derivative of hydroxyl ammonium chloride, and should pass 
over into (IljC + ) a “ N 1 + oh■ That formula, however, represents the addi¬ 
tion product of trimethylamine oxide and hydrochloric add, which yields 
the amine oxide upon treatment with alkali. Further, how is it possible 
for Jones to assume the formation of the chloroammonium hydroxide, 
as the primary product of the action of bypochlorous acid upon trimetbyl- 
amine , after Meisenheimer’ has shown that the base may be even heated 
with a large excess of the add, and yields dimethylchloroamine only in 

>£<*.,46,1148 (1913). 

'Lee. dl, 1150. 

'Seepage 1240, 

* Tms Journal, 36,1273 (1914)- 

* The dSebloride does not "persist’* (see page 1240), and the replacement of Cl by 
OH never occurs In such derivatives (see page 1241). 

* Lk- mL. I 27 T- 

1 JWS., 1159. 
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Bvidently, the hypochlorite first formed’ simply dissociates oa 
heating, as hypocfctlorous add would react upon dimethylamine, if it were 
present, to give the corresponding chloroamine. 

The theoretical objections to the Meisenheimer-Werner view,* apply with 
equal force to the “electronic” explanation. The hypochlorite is expressed 
“electronically’' by {HsC + ), s= N±^H~ +a , which would have to change 
into (HjC + ) N|Zh _+ ci , before it could rearrange to (H»C + )» w 
N^HcP. That formula represents one of the posable "clectromers” of tri- 
methylhydroxylaminoniurn chloride, and is, indeed, the stable form of the 
"electronic” structure, which Jones* assumes to be formed in the addition of 
hypochlorous to the tertiary base, and which, as explained above, does break 
up by "elimination of hydrochloric add into (HsC)»(H*C=*»)NOH r but into 
the amine oxide.* 

The "coordination” and the “electronic” formulas are structurally 
closely connected: {(CHs) s N(OH)lCl and (CH 3 ) 1 N+ic 1 H representing a 
derivative of hydroxylammonium chlorohydrate, and [(CHa) a NCl]OH and 
(CHjhN+ion one of chloroammonium hydroxide. Jones, in his endeavor 
to place the plus and minus signs in the "electronic" formula so as to 
permit the elimination of hydrochloric add, overlooked that such a de¬ 
composition cannot possibly take place in a derivative with a salt struc¬ 
ture. And, to conjecture on that possibility in derivatives of chloroam- 
monium hydroxide is superfluous, as there is absolutely no experimental 
evidence indicating the existence of such compounds, which besides in¬ 
volve theoretically extremely improbable assumptions. 

Conclusion. 

Isomeric trialky l-kydrcxylammonium sails and trialkyl-dialkyloxyl- 
amtnonium derivates are not known, and there is, therefore, no experimental 

1 Undoubtedly due to free chlorine, which is usually present in aqueous liypo- 
chlorous add 

1 Hantzpch and Graf, Ber , 38, 2156 (1903) 

* See page 1234. 

* Loc. cit, 1277 

•According to Jones (loc crt., 1278) the '‘electronic” formula of trimethylamine 
dibromide it (CH, + >» 22 and the substance may be completely "hydrolyzed” 

by alkali to form the tertiary amine and a hypobromite and bromide, or, partially fnto 
(CH»+), =a br^+oH' w *'' c ^ 1 “would be formed by the addition of bypohromous add 
to trunethylamme,” and "would either be hydrolyzed further, or dissociate directly 
into hypobromous acid and trimethylamine. On the other hand, it might undergo 
intramolecular oxidation, and lose formaldehyde to give dimethylamine " A further 
discussion of this subject does not appear necessary, but, in view of Hantzsch’x proof 
that the dibromide is decomposed by alkali cmlv in one way, *. that It practically 
falls apart into amine and halogen, and Meisroheuner’s correction and explanation of 
Willstatter’s abnormalities, the statement (Jones, for. cit.) that these "electronic” 
interpretations account for alt the "aberrations” observed by Hantasch and Wilt*«tter 
certainly requires elucidation 
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evidence iH tins field to support Werner's ammonium or “ codrdination” hy¬ 
potheses, or any modifications of them . Nor, are any facts known to substanti¬ 
ate "electronic" conceptions, or (he existence of “ electromers ," vn this group 
of compounds. 1 

Cakbmdob Mam. 
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SOME OBSERVATIONS ON THE COLOR CHANGES OF THE 
DIPHENYLAMINE REACTION. 

By E. M. Harvey. 

Received February 12, 1920 

The diphenylamine reaction is recognized as one of the most delicate 
qualitative tests for nitrate nitrogen. However, the utilization of this 
reaction as a microchemical test for nitrates in plant tissue presents 
numerous difficulties. Many substances occurring as normal constitu¬ 
ents of the cells may diminish the intensity of the characteristic blue 
coloration, and in some rarer instances the coloration may be completely 
inhibited. But besides the interference of such substances there are 
grosser factors influencing the reaction, so that the results of a series of 
tests of the same tissue may be very inconsistent. 

These latter inconsistencies directed the observations on the color 
changes* herein reported. Solutions containing only diphenylamine, 
nitric acid, sulfuric acid and water were used in the study of the factors 
con trolling the production and intensity of the coloration. The factors 
studied were the concentration of sulfuric add, the temperature, time 
and the order of mixing. 

Of these factors, the concentration of the sulfuric add is the most im¬ 
portant. Fig. i shows the influence of this concentration throughout a 
Close series from 20 to 96% sulfuric add. The repetition of such series 
has always given essentially like results. Solutions were made up in 
6 cc. shell vials. The total volume of solution was 5 cc., and through a 
single series the quantities of nitric add and diphenylamine were constant, 
as, for example, in one erf the best series each vial contained 04 mg, of 
diphenylamine and 0.06 mg. of nitric add. The lower limit of blue color- 

1 Stieglitx, (This Journal, j 8, 2033 (1916)) referring to the hydroxykmmanium 
derivatives and to the paper by Jones, remarks “that the only electromers whose sep¬ 
arate existence has been convincingly shown are the hydrorylamines.” 

* The chemistry of the reaction and its application to the qualitative determina¬ 
tion of nitrates have been the objects of ranch previous work, to which some of the 
Important references are as follows- Kehrman and St, Micewicz, Ber f , 45,2641 (1912); 
Wieland, ibid., 46, 3296 (1914)1 Withers and Ray, This Journal, 33, 708 (1911): 
Cares, Arm. tWm. anal., 16, an (1911); Tillmans and Splittgerber, Z. Nakt. Gmmsm,, 
4*7 
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sttSoa, as shown in Fig. i, maybe lowered 7% to 10%, In terms of sulfuric 
aeid, if the sulfuric add removed is replaced by a corresponding percentage 
bfgiacial acetic acid or potassium sulfate. This fact may indicate that 
the Water, as such, plays a critical role in the coloration in this region of 


% HjSCk, 
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CoiOr by Ridgtray’s st*ad*rda 

“'Purple Almost Blue—in medium strength solutions Is Sightly Green to yellowish, the 

vinftceous.” or equivalent to 'Bradley blue ** Plate IX blue green, green usually equiva- 

Plate quite yellow, or lent to"'Oriental 

XXXIX colorless colorless green ” Plate XVIII 

Fig- t — Tlje relation of the concentration of sulfuric atad to the color changes of the 
diphenyl amine reaction 

the series. Such a supposition would appear to be in agreement with 
the view that the color reaction is due to aa oxidation and hydration of 
the diphenylamine. The 3 principle colors shown in the series of Fig. 1 
are probably also caused by different degrees of oxidation and hydration 
of the diphenylamine molecule (cf. Ketirman and St. Micewicz). 

The amount of diphenylamine can be the controlling factor, but as 
the limits are rather wide, this is not likely to cause difficulty in any 
of the formulas and methods commonly recommended Too much di¬ 
phenylamine, however, interferes with the color production. 

Obviously the amount of nitrate would influence the coloration, but 
it is not easy to take advantage of this fact for quantitative considera¬ 
tions, because with any favorable concentration of sulfuric acid only 
slight differences of color intensity are to be noted through wide varia¬ 
tions in the amount of nitrate present. 

Variable temperatures between 20” and 50° appear to have relatively 
slight effect* except on the time required for the development of the 
maximum coloration for any given mixture. 

The order of mixing is sometimes of importance for the reason that 
the blue color is somewhat stable, and if allowed to form under local 
temporary conditions of concentration during mixing, will persist after 
the medium has reached a general concentration (as to acid, etc.), which 
would have otherwise precluded the production of the resulting color. 

Other series of solutions were made up as described, with tile exception 
that each vial received an addition of a chloride, usually as potassium 
chloride, About 2% of potassium chloride was found to intensify the 
color throughout the blue region of the series, causing hot only an intensi¬ 
fication of the blue color, but also producing a lengthening of the blue 
region toward both the high and low concentrations of the sulfuric add. 
Chlorides did not appear to affect the other Cohns of the series. 
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In consideration of the above results the writer has slightly modified 
the usual formulas 1 for the diphenylamine reagent as used in microcheraical 
testa for nitrates. This reagent should be applied directly to the tissue 
on a glass plate or microscope slide. The tissue should be cut into than 
sections or, preferably, into small rather thick pieces which may then be 
crushed in the reagent. The modification offers some advantage in pos¬ 
sessing a sulfuric acid and a chloride content a little above that for maxi¬ 
mum coloration, so that, if the reagent is used liberally the moisture of 
the tissue will be no more than to bring the optimum conditions for best 
coloration. 

The modified reagent is made up of 0.05 g. of diphenylamine, 7.5 cc. of 
95-96% sulfuric acid, and 2.5 cc. of 10% aqueous solution of potassium 
chloride. The salt is substituted for hydrochloric acid because the former 
evolves less free hydrogen chloride during mixing Furthermore, potas¬ 
sium chloride is better than sodium chloride since the potassium hydrogen 
sulfate which is formed in the mixture is much more soluble in strong 
sulfuric acid than the sodium hydrogen sulfate would be. 

When it is particularly desirable to avoid darkening of the tissue it can 
be accomplished at some expense of color intensity through the use of the 
following modification of the reagent' 0.05 g. of diphenylamine, 5.0 cc. 
of 95-96% sulfuric acid, 5.0 cc. of glacial acetic acid, and 2.0 cc. of 12% 
aqueous solution of potassium chloride. 

Summary. 

1. Three distinct colors in the diphenylamine reaction are noted. 
These colors and their intensities could be controlled through variation 
in the concentration of the sulfuric acid. 

2. In the utilization of the diphenylamine reaction as a microchemical 
test for nitrate nitrogen in plant tissue, it is most important to keep the 
concentration of the sulfuric add near 72% in order to obtain the best 
coloration. 

Variable temperatures should be avoided throughout any series of 
tests, since the temperature affects the time for development of maximum 
coloration. 

4. Modifications of the reagent and manner of making the tests are 
suggested in the accompanying artide. 

Cobvauj*, Onow 

1 See Tunmann, "Pflatuenmilcrodjemie," 1913, p 8a. 
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PERIODIDES OF CARBONYL COMPOUNDS. 

By A. M. Clover. 

Received Much 19, 1920. 

Some years 1 ago the miter showed that several different types of or¬ 
ganic substances, all possessing the carbonyl group in common, united 
readily with iodine and potassium iodide to form fairly stable triple addi¬ 
tion compounds which crystallized readily, were possessed of a strong me¬ 
tallic lustre and could easily be separated into their components. Pure 
compounds were prepared with benzophenone, benzoic anhydride and 
other anhydrides, and it was pointed out that there was evidence of the 
existence of similar compounds of benzanilide and of methyl oxalate. 
Careful analyses of several of the pure compounds showed that the formulas 
of some were relatively simple while those of others were complex; and it 
was also found that a different combining proportion existed for each of 
the different bodies which were analyzed. In no case was a perfectly 
stable substance found, that is, there was always noted at least a slow dis¬ 
engagement of iodine at ordinary temperature and in all cases the iodine 
erf the compounds was readily removed by means of very weak reducing 
agents. 

The results which were obtained in this former investigation naturally 
brought to mind the well known class of periodides of the alkaloids and 
other organic bases. Concerning the structure of the periodides derived 
from these strongly basic substances and the essential function of the 
nitrogen in their constitution, there can be little doubt. When we com¬ 
pare these with the compounds referred to in the previous paragraph, 
we find that in the latter case we have generally nonbasic, or at the most, 
feebly basic substances which may take on a metallic iodide in place of 
the hydriodic acid of an alkaloids! salt, a further addition of iodine in 
either case giving rise to periodides, or bodies containing loosely combined 
iodine. It becomes dear that there must be a fundamental difference 
between the carbonyl periodides and those derived from strong bases. 

In 1891, Scholvien* described a substance which he supposed to be a 
periodide oi acetophenetidine, having the composition CiaHstNiOJ*. 
This was patented by Riedel’ and known as lodopkenin. Emery* has 
recently shown that the formula assigned by Scholvien is incorrect and 
that the latter had a wrong conception of the molecular structure of 
Iodophenin, Emery has proved the correct formula of the body to be 
(CiHtOCJENHCOCHiJiHI.E and regards it as an addition compound of 

1 Am. Ckem. J , 31, 256 {1904). 

1 Pharm., Zentralhalie, 33, 311 (1891) 

* D. R. p. 5S409, Sir , 15, *3s Ref. {1892). 

* This Journal, 38,14 a (1916). 
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the 3 constituents. He considers it a periodide of the bydriodkte of aceto- 
phenetidine and classes it with the well known basic periodides. 

The results of Emery’s investigation are not surprising in view of the 
work of Wheeler and Walden 1 who in 1896 showed that acetanilide com¬ 
bines with iodine and hydriodic acid to form the crystalline addition com¬ 
pounds (C«H»NHCC>CH») 2 HI.I 2 and (C^HjNHCOCH^HI.I,. These com- 
pounds they considered analogous to the periodides of substituted ammon¬ 
ium salts. 

Wheeler and Walden naturally made no mention of the acetophenetidine 
periodide of Scholvkn and Riedel for, as has already been stated, the dis¬ 
coverers of this substance, through failure to understand its true consti¬ 
tution, had not properly described it. Shortly afterward, Piutti 1 in at¬ 
tempting to prepare other periodides similar to the product obtained by 
Scholvien and Riedel from acetophenetidine, was able to isolate crystalline 
periodides, which were composed of -ethoxy- or p-methory-phenylsuc- 
cinimide, potassium iodide and iodine and represented as follows: 
(CtHuOiNCjKUOCiHsli.KI .1 j and (C,H 1 0 5 NC*H.OCIE)j.KI.I 1 . Extend¬ 
ing his experiments beyond the scope originally intended, he isolated a 
similar crystalline derivative of sucdnimide to which he assigned the 
formula (CtHjOjNhKI.Ij. This formula has been found by the author 
to be incorrect, as will appear from the experimental part of this article. 
However, Piutti undoubtedly isolated a crystalline addition compound 
between sucdnimide, potassium iodide and iodine which was more or less 
contaminated with impurities and with 2 of the derivatives of sucdnimide 
he isolated analogous compounds which we may assume to have been pure. 
The discovery of bodies of this type containing potassium iodide in the 
molecule was of course not expected by Piutti, and he made no attempt to 
explain their formation. He concluded, however, that the derivatives of a 
dibasic add behaved differently from those of a monobasic add and was 
misled into this conclusion by assuming the incorrect formula of Scholvien. 

Moore and Thomas,® in 1914, isolated periodides of benzamide, triple 
compounds containing as the third constituent sodium iodide, potassium 
iodide or hydriodic add. The writer has examined only the potassium 
iodide compound and as will appear in the experimental part of this article, 
a different composition must be assigned to it, from the one given by Moor 
and Thomas. This is a matter of secondary importance, however, and the 
work of these authors has shown more dearly the relation existing be¬ 
tween the periodides of the amide type which had been previously described. 
They also pointed out that the product described by Curtins* in 1890 

1 Am. Ckem . 18, 8$ (1896), 

* Oats. tiff**, ital., as, 11, 318 (1893). 

•ThisJournal. 3 <>i w* (1914)- 

* Ber„ »3, 3040 (<890). 
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jgPfrtfto represented hy the questionable formula 

C»HiCONH,I 

I 

QKtCONHtI 

flfcs very likely the benzamide sodium iodide periodide This substance 
appears to have been the first of its type to have been isolated. 

In rgo6, Morgan and Mickiethwait 1 described an addition compound 
of cmnartn, hydriodic acid and iodine having the composition (C»H«Q*}i.- 
Mi.h and considered it comparable to the periodides {CtH|0»)j.HI.Ii 
and (C»H»Oj)j.HI.Is, derived from dimethyl pyTone and tetramethyl 
pyrene respectively by Collie and Steele. 8 More recently Dox and 
Gaessler* have described a periodide of cumarin formed by treating the 
latter with iodine and potassium iodide and they conclude as the result 
of their experiments that their product is likely an addition compound of 
iodine and cumarin. H. Simonis* has found that the compound of Dos 
and Gaessler contains potassium iodide as one of its chemical constituents 
and has assigned to it the formula (C»H«Ch)«.KI.I».HiO. He has 
also prepared similar compounds with other metallic iodides and has 
pointed out that these are only modifications of the periodide which Mor¬ 
gan ttnd MiCklethwait obtained with hydriodic add. 

The periodides of cumarin obviously are closely related to those de¬ 
scribed earlier by the writer. The other periodides which have been 
considered here are all those of weak bases and have been generally re¬ 
garded as analogous to the periodides of the ammonium bases and of the 
alkaloids. The periodides of a ketone, anhydride, ester or a lactone which 
contain no nitrogen cannot be classed with the above and it is desirable to 
explain their structure. The authors who have described the periodides 
erf cumarin have overlooked their similarity to those described by the writer. 
So far as known Simonis attempted no explanation of structure and, as 
ilready staked, Morgan and Mickiethwait compared their periodide to the 
Pyrone derivatives of Collie and Steele or the periodides of oxonium salts. 

Further study of this entire subject has convinced the writer that the 
power to form periodides is one common to nearly all types of organic 
substances, containing the carbonyl group. The difficulty in the investi- 
JUdK* trf the subject is that of obtaining these periodides in pure condition 
md to do this it is necessary to choose carefully the proper solvent, or mix- 
site of solvents. In solution the compounds are probably broken up to 
1 limited extent into their constituents, any one of Which according to its 
elubihty, may separate with, and contaminate the compound. Matty 
rf the compounds are very largely broken up by liquids in which they are 
sparingly soluble. This difficulty in purification undoubtedly pre- 

* J- Cketi. Sac., 1 66 (igo&). 

’/W., 77 , ni 4 (1900). 

*T»S JOOXRAX,, 3* 114 (IS»7). 

, C ’ *■* ?*< h Jfftj rij7 
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vents the isolation of a large number of bodies of this class although evi¬ 
dence Of their formation may be obtained in several ways: (1) by grind¬ 
ing the constituents together in a mortar or by fusing them together in a 
test-tube, whereupon a strong metallic lustre will be developed; (2} by 
bringing the constituents together in a solvent which although not writ¬ 
able for purification of the compound, will leave a lustrous residue upon 
evaporation; (3) by grinding in a mortar then spreading in the air and noting 
whether the iodine is held in combination or readily volatilizes. 

Another difficulty is that most carbonyl compounds of relatively low 
melting point form liquid products with iodine and potassium iodide 
and of course there is no way of isolating the pure compounds. 

Many common organic liquids which, according to their structures, 
may belong to one of the classes of ketones, anhydrides, esters, etc., wifi 
dissolve a mixture of iodine and potassium iodide to a very large extent, 
whereas the solubility of either of these latter substances, especially that 
potassium iodide, is usually limited. Ordinary acetone, acetic ester and 
even olive oil may be given as examples. 

A new type of periodide, that of an ester, methyl oxalate, has been iso¬ 
lated and will be described in the experimental part. Crystals of an 
acetone periodide separate under certain conditions from a solution of 
iodine and potassium iodide in the solvent. Most of the members of the 
barbituric add group readily form pure periodides. With barbituric 
add, iself, a distinct bodies have been isolated, this result corresponding, 
in a way, to that of Wheeler and Walden 1 with acetanilide and of Emery 1 
with aoetopbenetidine. A pure triple compound of diethyl-barbituric 
add (Veronal) has also been studied. 

'there can be no other conclusion than that in the case of the periodides 
derived for organic substances containing no nitrogen we have a class 
quite distinct from the well known one, derived from amine and alkaloidal 
bases. The evidence is suffident to condude that the carbonyl group is 
the one which is essentially involved in the structure of these substances 
and the writer proposes that they be designated as carbonyl periodides. 
He would indude in this group all derivatives of amides, aniKdes, etc., 
which have heretofore been considered as amino or baric derivatives. 
The reason for this proposed dassification is that the add amides, anilides, 
etc., ate only weak bases and their periodides formed with hydriodic add 
or a metallic iodide are very similar in properties to those of the periodides 
which contain no nitrogen. 

The periodides of dimethyl pyrone and tetramethyl pyrene, to which 
previous reference has been made, were considered by Collie and Steele 
to be exactly analogous to the periodides of substituted ammonium com¬ 
pounds and Ute formation of such periodides was considered by these 
1 Lot. tit. 
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fmmt B as very strong evidence of the existence of oxonium salts,* com* 
pounds of oxygen analogous to ammonium salts. From the facts pre¬ 
sented in this article one would be led to consider the bodies of Collie 
and Steele as carbonyl periodides for the reason that the carbonyl group 
ia general Shows such a tendency to form just such compounds and also 
that no such compounds derived from oxygen differently combined, are 
known. This matter, along with that of a satisfactory explanation of the 
structure of the carbonyl periodides, the writer hopes to be able to take 
up in the near future. 

- Experimental Part. 

Cumarin Potassium Iodide Periodide. 

Tins substance was evidently discovered by Leach,* who employed its 
formation as a delicate test for cumarin. Dox and Gaessler* studied its 
composition and concluded that while potassium iodide was necessary 
to its formation, the amount found to be present was too small to be con¬ 
sidered in assigning a chemical formula. The writer was led to suspect 
the true nature of the compound at the tune of the appearance of Dox 
and Gaessler’s article and the experimental results described here were 
finished shortly before the publication of the work of Simonis. 3 The 
analytical results of the latter differ somewhat from those obtained 
by the write, consequently the same formula is not assigned. Water 
was used by Simonis as a solvent for purification, while the writer used 
ether mixed with alcohol or ethyl acetate. 

If the ingredients, including powdered potassium iodide, are added to 
ether, they may be brought into solution by boiling the ether under a 
reflux condenser. On filtering and cooling the solution, the periodide 
crystallizes readily. Preliminary analyses of a product made in this 
way showed approximately its composition, but it was further found 
that the percentages of iodine and potassium iodide were not close 
enough to a simple molecular ratio for the product to be considered pure. 
When the ingredients were first dissolved in a small amount of alcohol, or 
ethyl acetate, and warm ether was added until the periodide just began 
to separate, the crystalline product obtained, after filtering and cooling 
Che solution, gave much better analytical results. The periodide is only 
sparingly soluble in ether and probably suffers .considerable dissociation 
in rids advent. The addition of alcohol or ethyl acetate, in which the 
^bstance i$ very soluble, tends to overcome this difficulty. 

Sample I.—Five and three-tenths g. of cumarin, 3.1 g. of iodine and 
i*J g. of potassium iodide were dissolved completely in 10 cc. of alcohol, 
m *ann ether was added gradually until the point of precipitation was 
1 Collie and Tickle, J. Che m. Soc. f 75, 7*0 (1899). 

* Leadi, /'Pood Inspection and Aaafrda," 3rd Ed., p. 863. 

•ioe. eit. 
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reached. The warm solution was filtered and the periodide allowed to 
separate by cooling the solution. In order to remove the solvent as com¬ 
pletely as possible, the crystals were pressed tightly while being filtered, 
and were closely packed upon a porous plate. The dry crystals were 
washed by covering them with a small amount of the solvent mixture 
and again packed tightly on a porous plate. Before analysis, the crys¬ 
talline mass was well broken up by means of a spatula and placed in a 
vacuum for one-half hour. 

Subs , o 4208; 9 8 cc 0.1 N thiosulfate soln 

Subs., o 4771, KI, o 0740 

Subs , o 3441, curoann, o 1833 8 

Subs ,17)0 0037 loss in weight after remaining m a vacuum 2 hrs 
Sample n.—The same amounts of the constituents were dissolved 
in about zo cc. of ethyl acetate and about 3 volumes of ether was then 
added. The other details of the operations were the same as in the previous 
experiment. 

Subs , a 4833, 11 rjee 01 N thiosulfate soln 

Subs , o 3789, KI, 00584 

Subs . o 3896, cumarin, o 207; g 

Sample III.—Still another sample was prepared just as the last one, 
except that a 15% excess of iodine was used. The result was that there 
was no substantial increase in the percentage of active iodine in the com¬ 
pound. 

Subs , o 5326, 12 75 cc o 1 N thiosulfate soln 
Subs , o 5988, 14 45 cc thiosulfate soln 



Calc lor (CtHtOth IKI),I* HtO 


Found. 


% 


% 

Active Iodine 

29 48 

I 

29 58 



II 

29 54 



III 

30 51 

Potassium Iodide 

15 4 3 

I 

15 51 



11 

15 41 

Cumarin 

54 27 

I 

53 85 



II 

53 26 


Active iodine was determined by titration with thiosulfate solution. 
The substance was added to a solution of potassium iodide and the libera¬ 
tion of the iodine was facilitated by wanning the solution and by the ad¬ 
dition of ethyl acetate to it. 

Potassium iodide was determined by heating a sample in an oven At 
160* for 2 hours, and weighing the residue. To insure the removal of 
All of the cumarin, the residue was dissolved in a few drops of water and 
again heated until it was dry. 

Cumarin was determined by dissolving a sample in a small amount 
of freshly distilled ether with the addition of a couple drops of water; 
then ‘‘molecular" silver was added and the mixture was shakes until the 
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0 atian was decolorized. The residue, of atmarin obtained from the 
and washings was weighed. The loss of cunatrm in ablank 
plipaititlaeat was found to be negligible. 

^ ‘ Methyl Oxalate Potassium Iodide Periodide. 

Two and one-half g. of methyl oxalate was dissolved in 50 ce. of water. 
Six g, of iodine and 5 g. of potassium iodide were made into a water solu¬ 
tion amounting to 20 cc. About 1 /j of the iodine solution was added to 
the whole of the former. Crystals of periodide soon appeared and were 
allowed to settle. The mother liquor was poured off and the crystals 
were packed tightly upon a porous plate. When nearly dry, they were 
removed, mixed with a little water and again packed upon a fresh plate. 
They were finally dried by spreading them in the air for a couple of hours. 

Sampix I. 

Subs., 0.4453, 21 45 cc, o.i TV thiosulfate soln. 

Subs., 0.5992, K.I, o 0940 

A second crop was obtained from the mother liquor of the previous ex¬ 
periment by again adding about the same amount of the iodine solution. 

Sample II. 

Subs., 0.3813; 18.50 cc. o 1 TV thiosulfate solo. 

Sub*., 0.5400; Kl, 0.0860. 



Calc. <m (CdWWvXI.n. 

%. 


Found. 

%- 

Active Iodine.. 


. . 61.23 

I 

61.17 




n 

61.61 

Potassium Iodide... 

* - , . 

.. 16 00 

1 

15.69 




11 

15-93 

Methyl Oxalate (by diff ) . 

32.76 

1 

* 3-*4 




n 

33.46 


The active iodine was determined by direct titration in water with 
thiosulfate solution. The potassium iodide was weighed as a residue 
filter evaporation in a dish placed on a steam-bath. It was heated until 
the weight Was constant, a drop of water having been added toward the 
end of the operation. 

This periodide is relatively unstable. During a couple of hours ex¬ 
posure in the air, the loss of iodine is not sufficient to affect the analytical 
results decidedly, but in a vacuum the loss is rapid. When spread out in 
t thin layer in the air, the product becomes nearly colorless in 3 days. 
The crystals are very fine and have a dark bluish-gray lustre. When 
heated, they begin to melt at about 55*hut are not completely fused until 
is reached. The substance is sparingly soluble hi water but 
ffimolves readily fa alcohol, acetone or«ther. Crystals may be obtained 
tef adding yaeroform to rite ether sofatkm. 
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Periodides of Acetone. 

Five g, of iodine and * .5 g. of potassium iodide were dissolved in about 
8 cc. of acetone. On cooling the solution in ice-water, it was converted 
into a setnisolid mass of crystals. The product was quickly removed to 
a porous plate and as the mother liquor was absorbed, needle-shaped, 
dark green crystals remained. They were very unstable and, after a 
couple of hours, a residue of potassium iodide alone remained. 

A similar compound of sodium iodide is more conveniently prepared. 
A saturated solution of iodine in acetone was added to a saturated solu¬ 
tion of sodium iodide in the same solvent. The periodide soon separated 
in very fine needles. These were filtered off, pressed on a porous plate, 
and washed with acetone in which they are only sparingly soluble. The 
crystals are not so heavy as those formed with potassium iodide. They 
are lighter in color and show a golden lustre. When the substance was 
about free from mother liquor, decomposition began so quickly that an 
analysis was not considered worth while. 

Benzamide Potassium Iodide Periodide. 

This substance is especially difficult to purify on account of its disso¬ 
ciation in solution. On the other hand, the dry crystals are very stable. 
Moore and Thomas 1 purified the compound and also the one derived from 
sodium iodide, by dissolving it in ether and adding benzene to this solu¬ 
tion. They assigned the formulas (C4HfCONH2h-KI.lt and (C»H*CO- 
NHj)j.NaI.It to the salt derivatives. The analytical results of Moore 
and Thomas are not in good agreement with the theoretical percentages 
and it seemed desirable to determine the true composition of this repre¬ 
sentative compound. 

It was found that a satisfactory molecular ratio between iodine and 
potassium iodide could not be obtained by the use of ether and benzene, 
probably due to the decomposition brought about by the benzene. Better 
results were obtained when a saturated ethereal solution was cooled in 
ice-water. The results which were finally found to be acceptable were 
obtained by bringing the constituents into solution in ether, concentra¬ 
ting this solution as far as possible, then filtering it and cooling it in ice- 
water. 

Sample I.-—T wo g. of benzamide, 1.2 g. of iodine and i.og. of powdered 
potassium iodide were gently warmed for a few minutes with about too 
cc. of ether, The solution was filtered and concentrated to about 45 cc. 
which was again filtered and cooled in ice-water. The crystals are very 
fine and must be pressed in the funnel to remove mother liquor and finally 
packed tightly on a porous plate. To wash them, they were coveted 
with a small amount of ether and again packed on a porous plate. When 
dry, the product was broken up with a spatula and placed in a vacuum, for 
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of hours. The loss in "weight ip a vacuum was found to be very 
The substance melted at 130°, but began to soften a few degrees 
this point 


Subs, 0,3176; 0.3131; 8.1 cc 8 05 cc. o 1 N thiosulfate sola. 
Subs., o 1707 ; 10.05 cc. 0.1 ,V AjNOi sola. 

Subs , o 2726; benzamide, 0.1387. 


" Sample IL-—Two and one-half g. of benzamide, 1.65 g. of iodine and 
0.85 g. of powdered potassium iodide were dissolved in about 2.5 cc. 
of alcohol with careful warming. Fifty cc. of ether was added and the 
solution was filtered and cooled in ice-water. If much more than the 
specified amount of alcohol be used, the periodide will fail to separate. 
This sample was prepared for analysis just as the previous one. 

Subs , 0.2994, 7.9 cc o ! N thiosulfate soto 
Subs., o 2667, 160 cc 01 N AgNOi soln 



Calc lor (Ct»iNO)i JCU U 

% 


Pound 

% 

Active Todme 

32 79 

1 

32 7 « 



n 

32 65 



hi 

33 5 > 

Potassium Iodide 

17 16 

1 

16 >9 



IT 

17 77 

Benzamide. 



50 88 


The active iodine was determined in the same manner as that of the 
cumarin periodide. To determine the total iodine, water was first added, 
then a few drops of sulfur dioxide solution sufficient to cause complete 
decokrization. The iodine in the clear solution was then treated with 
silver nitrate and ammonium thiocyanate in the usual manner. The 
potassium iodide was of course calculated from the difference between 
active iodine and total iodine. The benzamide was weighed directly after 
dissolving a small sample of periodide in freshly distilled ether and adding 
a couple of drops of water and sufficient "molecular" silver to decolorize 
it. 

Sttccinimide Potassium Iodide Periodide. 

The cop^pound is readily obtained pure and with a good yield when the 
constituent parts are dissolved in hot alcohol and the solution is then 
cooled. On varying the proportion of the components considerably, it 
law not been possible to affect the composition-of the periodide as shown 
by analysis. When dil. acetic add is used as a solvent, the yield Of per¬ 
iodide is poor and under certain conditions the product is not pare. It 
seems likely that the product described by Piutti 1 contained free iodine. 

' the substance has several interesting peculiarities. It is unusually 
stable aad in a stoppered bottle may be preserved indefinitely. It is not 
perfectly stable, however, and it shows a very slow loss in weight when it is 
* Lee. <M. 
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spread opt well and placed in a vacuum or exposed for a long time in the 
air. The crystals are light brown in cola: but lack the metallic htstre which 
characterizes the other compounds described. This deficiency cannot be 
due to the relatively small percentage of iodine in the compound, for the 
analogous body formed from succinic anhydride does show a metallic lustre. 
The periodlde dissolves very readily in water, but it is decomposed by 
the solvent and a part of its active iodine separates from the solution. 
It dissolves readily in glacial acetic acid and to a moderate extent in alco¬ 
hol. The pure substance begins to melt at 141 but the fusion is not com¬ 
plete until 149 0 is reached. 

Sample I. —Five g. of iodine and 3.2 g. of potassium iodide were added 
to 6 cc. of water and the solution was filtered to remove a small amount 
of iodine which remained undissolved. A solution of 4 g. of succinimide 
iu 20 cc. of glacial acetic acid was then added. It was necessary to coo! 
the solution in ice-water and wait for several minutes for the separation 
of the periodide. The latter was filtered quickly with suction and washed 
with a few drops of cold acetic acid. 

Subs., 0.3702; 9.05 cc. 0.1 -V thiosulfate soln. 

Subs., 0.4044; 15.00 cc. o. 1 N AgNO» soln. 

The active iodine was titrated directly. Total iodine was determined 
by means of silver nitrate and ammonium thiocyanate after decolorizing 
the solution with a small amount of sulfurons acid. 

Sample II. —Two g. of pulverized potassium iodide, 3.1 g. of iodine 
and 4.9 g. succinimide were dissolved in about 40 cc. of hot alcohol and 
the solution filtered. The crystals were washed with alcohol. 

Subs.. 0.2550; 9.35 cc. 0.1 .V AgNO, soln. 

Subs., 0.5150; 12.55 cc- « ' y thiosulfate soln. 



C«]c lor (CUUN(H)cKI.I. 


Pound 



% 


% 

Active Iodine. 

. . , . . . 

• 3«»3 

I 

31.04 




II 

30-94 

Potassium Iodide.. 


■ » 0-34 

I 

20 99 




II 

20.42 

Succinimide (by difference).. 

- 48-53 

I 

47-97 




II 

4S.64 


Succinic Anhydride Potassium Iodide Periodide. 

This compound was previously isolated in an impure condition by 
the writer 1 and a formula assigned which was only in fairly good agree¬ 
ment with the analyses. It was desired to malm sure of the correctness 
of this formula for comparison with the succinimide periodide just de¬ 
scribed. A pure product has now been obtained by using as a solvent a 
mixture of chloroform and acetic ether in the proportion of 2 to 1, re¬ 
spectively, by volume. 

' Lot. at. 
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p of succinic anhydride, 4 g, of iodine and 3 g. of pulverised potas- 
, iodide were shaken well with a mixture of equal volumes of ethyl 
ac eta te and chloroform. An additional volume of chloroform was then 
milted and the solution filtered. Only a part of the anhydride had gone 
into solution. On cooling the solution in a freezing mixture, crystals 
separated readily. These were filtered quickly and pressed compactly 
on a porous plate where they remained until dry. The yield was about 
a g. The mother liquor contained an excess of free iodine and, for this 
reason, the product was broken up and spread out in the air for 6 hours 
before analysis. The determinations were made in the same manner 
as those of the sucdaimide compound. 

Subs , 0.3197; 7.3 cc. 0.1 N thiosulfate sofa. 

Subs , o 445!; is 8 cc. o i N AgNO, sofa. 


Active Ioduic . 
Potassium Iodide 


Calc for (C,H,0,)t.KI,I,. 

%. 

3 ° 97 

30 34 


Found 

%. 

29.79 

20.00 


After exposure to the air overnight, the same sample showed an active 
iodine content of 29.23% The compound is unstable compared with 
that of succinimide. The crystals are very fine and show a decided 
greenish lustre. The result of the analysis shows clearly the molecular 
ratio existing between the constituents. This ratio is the same as that 
found for the succinimide compound. 

Periodides of Barbituric Add. 

Barbituric add and its derivatives readily form periodides which are 
fairly stable and which generally crystallize from an aqueous solution 
on the addition of Wagner’s reagent. With barbituric add, itself, it 
has been possible to isolate in a pure state, 2 different substances whose 
formation fe dependent upon the relative amount of iodine used. 

Yellow Crystals, (C ( H*NiOj)r, (KI)j.I s .—Two grams of iodine and 4 
g. of potassium iodide were dissolved in about 15 cc. of water and the solu¬ 
tion was filtered. This solution was added to one containing 3 g. of an¬ 
hydrous barbituric acid m 100 cc. of warm water. Crystals appeared 
at once, the amount of which was increased by coding the solution in 
ice-water. They were filtered, washed with a little water and dried on 
a porous plate. Yield (Sample I), 4.7 g. Another sample was prepared 
by adding 3 g. of barbituric add, 2 g. of iodihe and 2 g. of potassium 
iodide to *00 cc. of water and by wanning this mixture in a glass 
stoppered flask until a dear solution resulted. After filtering this solu¬ 
tion, the remainder of the operation was carried out as in the previous 
case. Both samples were exposed to the air a few hairs before analysis. 
In the determination of active iodine it was found best to add an excess 
of potassium iodide to the solution as iodine shows a tendency to unite 
With barbituric add to form a colorless compound. 
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Sample I. Subs., 0.4085; 10.85 cc. 0.1 N thiosulfate soln. 

Subs., 0.4462; 16.7 cc. o.t N AgNO, sols. 
Sample II. Subs., 0.5804; 15.55 cc. 0.1 N thiosulfate sola. 
Subs., 0.5151; 19.2 cc. 0.1 N AgNO> sola. 



Cofc. 

Found. 


% 

%■ 

Active Iodine. 

. 34.08 

I 33 73 



II 3402 

Potassium Iodide — 

.. . 17.82 

I 18.04 



II 1739 


A 2 g. sample was spread out on a watch-glass and placed in a desiccator 
over calcium chloride for 3 weeks. It lost 6 mg. in weight. The sub¬ 
stance is only sparingly soluble in alcohol and crystallizes from a hot 
solution on cooling. 

Green Crystals, (C«H«N* 0 »)i, (KI)i, l t .—In the preparation of the 
previous compound the amount of iodine was purposely limited. By 
using a large excess of the latter, it is possible to isolate green crystals 
of the composition given above. Although a good yield is obtained, this 
substance separates only from a solution containing a considerable ex¬ 
cess of iodine. The crystals are quickly decomposed by water and as it 
is impossible to remove the mother liquor completely, the dried product 
is contaminated with iodine and potassium iodide. 

A sample was well packed on a porous plate and allowed to dry. On 
removing and breaking up the mass of crystals, the presence of uncom¬ 
bined iodine was evident. After exposure of the crystals to the air for 
5 hours, the percentage of active iodine in the compound was found to 
be 52.96; after 24 hours, 52.63; after 3 days, 51.23. From these re¬ 
sults the compound appears to be fairly stable. The analyses of this 
sample and also of a second sample which are used in the calculations 
were made after the products had been exposed for 24 hours. As would 
be expected, the percentage of potassium iodide was found to be high. 

The samples were prepared as follows; Five g. of iodine and 10 g, of 
potassium iodide were dissolved in sufficient water to make 12 cc. of solu¬ 
tion, which was then filtered through glass wool. One-half g. of anhy¬ 
drous barbituric acid was dissolved in 20 cc. of hot water. The latter 
solution was poured quickly into the former and the product was then 
cooled in ice-water. 

Sample I. Subs., 0.5366; 13.95 cc. 0.1 N thiosulfate soln. 

Subs., 0.3702; 21.75 cc. 0.1 N AgNO, soln. 

Sample II. Subs. 0.4746; 19.40 cc. 0.1 N thiosulfate soln. 

Subs., 04671; 27.25 cc. 0.1 N AgNO, sola. 

Calc. Found. 

%■ %. 

Active Iodine. 51 92 I 32.63 

n 51.92 
1 28-w 
n 28.9s 


Potassium Iodide. 27 
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It seems remarkable that in these closely related substances we have 
vtftia great difference in the number of molecules of barbituric add con¬ 
tained in the -triple compounds. 

Diethyl-barbituric Acid Potassium Iodide Periodide. 

One g. of diethyl-barbituric add was dissolved in about 150 cc. of 
water. One g. of potassium iodide was dissolved in 10 cc. of water and 
the resulting solution saturated with iodine. On mixing the 3 solutions, 
the periodide separated at once. The crystals were removed by filtra¬ 
tion and transferred to a porous plate. When nearly dry they were 
washed by moistening them with water, then were again dried thoroughly 
on a porous plate. Before analysis they were placed in vacuum for V* 
hour- 

The potassium iodide in Sample I was determined by heating the sub¬ 
stance, spread out thinly in a dish, at 150° for 2 hours and weighing the 
residue after it had been washed well with pure ether. Diethyl-barbituric 
acid was weighed directly after removing the iodine and potassium iodide. 
The sample was dissolved in pure ether, a couple of drops of water were 
added and the solution was shaken with sufficient “molecular" silver to 
effect complete decolorization. The ether solution was carefully re¬ 
moved and evaporated. 

Sample I. Subs , o 3180, 12 1 cc o j N thiosulfate soln 
Subs , o 2358, diethyl-barbituric acid, 0.0847. 

Subs., o 3533; potassium iodide, 00403 
Sample II. Subs, o 4200, 16.05 cc o 1 A' thiosulfate sola. 

Subs , 0.4244; diethyl-barbituric acid, o 1304. 

Subs.. 04672; 23.3 cc. 0,1 N AgNO, soln. 


Cade, lot KI It. 


Fontnl 


% 


% 

Active Iodine. . 

75 

I 

48 39 



II 

48 49 

Potassium Iodide. .. . 

>5 93 

I 




II 

15 80 

Diethyl-barbituric acid 

■ • 33 51 

I 

35 92 



II 

35 4 * 


The crystals have a steel-blue lustre and remain unfused when heated 
to aoo®. They dissolve readily in alcohol and acetic acid but only spar¬ 
ingly in water and ether. On varying the proportions ofjtbe constituents 
no other compound could be obtained. The substance is a fairly stable 
one. 

Owntorf, Mica 
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THE PROPERTIES OF A SPECIALLY PREPARED ENZYMIC 
EXTRACT, POLYZIME, COMPARING ITS STARCH LIQUE¬ 
FYING POWER WITH MALT DIASTASE. 

By Jokichi Takaminr, Jr. and Kokichi Oshima. 

Receive 1 Much 24. 1920 

The aim of this study and article is to compare certain properties of 
Polyzime, an enzymic extract of Aspergillus Oryzae prepared by special 
processes, with those of standard malt extract. 

A. Literature. 

'‘Polyzime,'* recently invented by Dr. J. Takamine, is an aqueous 
extract of diastatic enzymes, containing many other enzymes, made by 
a specially prepared culture of the fungus Aspergillus Oryzae on media 
consisting mainly of wheat bran. As many reports have been published 
about the enzymes produced by this fungus (generally using Taka-Dias¬ 
tase as sample) a brief abstract will therefore first be given of the im¬ 
portant literature directly pertaining to this subject. 

J. Wohlgemuth 1 found in a sample of Taka-Diastase amylase, maltase, 
trypsin, lab. erepsin, lipase and haemolvsin. This amylase can resist 
stronger add than can pancreatin diastase. 

II. C. Sherman and A. P. Tan berg 5 showed that the amylase of Asper¬ 
gillus Oryzae exerts its maximum activity, both amylodastic and sac- 
charogenic, in a very slightly add medium; and as prepared by them it 
has higher amylodastic, but lower saccharogenic power than the most 
active malt amylase preparations yet recorded. 

H. C- Sherman, A. W. Thomas and M. E. Baldwin* reported that the 
amylase of Aspergillus Oryzae showed activity from P H 2.6 with optimum 
at P K 4.8. Pancreatic amylase was active between the limits of P H 4 
and 10 with greatest activity at about 7, the solutions commonly consid¬ 
ered neutral showing under similar conditions a P H value of 5.8 Malt 
amylase was active between P H 2.5 and 9 with optimum activity at 4.4 
to 4.5. The influence of the concentration of electrolytes, as distinguished 
from concentration of hydrogen alone, appeared greatest in the case of 
amylase of pancreatin, and least in the case of the amylase of Aspergillus 
Oryzae. 

Experimental. 

The results of our numerous experiments on Polyzime preparations 
and malt extract are as follows. 

1 "Zur iCenntnis der Taka-Diastase,” Bieckm. Z., 39, 324 (191a), 

* "Experiments upon the Amylase of Aspergillus Oryzae This Journal, 38, 
1638 (1916). 

* Influence of hydrogen concentration upon enzymic activity of 3 typical amylases: 
This Journal, 61, zjt (1919) ■ 
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B. General Properties of Polyrime. 

*• Sp. ft; J.©3-».o6. 

#. AtaylocJastic (starch liquefying) power by Wohlgemuth’* method : D oomta. ” 
40 ° 

aimi D 2* boon - j *5.000. 

4. Seccharogenic (starch saccharifying) power by lictner's method: Untner's 


Value (si®) ■» 43 - Limner's Value (50°) - 150. 

d, Chemical Composition: 

Water. 8?.5% 

SoUdMatter... i *-5 

Mineral Matter.... 1.5 

Acidity with rosohc add as indicator: 

10 cc. Polyrime required 5 cc. 0.1 If acid to neutralize. 

Total nitrogen. 0.5 

Protein precipitated with Stutxer’s reagent. o.a% 

Reducing sugar as d-gtucosc...... 2.0% 

Amino add os glycocoli by formaldehyde method. r 5 

Dextrin....... 1.3 

e. Destructive influence of heat. 


By placing Polyzime on a water bath the following decreased percentages of dias- 
tatic power after 3 hours were obtained: 


* of Water Bath 

Decreased Diastatic Power 

•c. 

% 

*5 

0 

40 

0 

30 

550 

60 

9 J.o 

70 

98.0 


Prom the above experiments and many others, it is evidently necessary to preserve 
Polyzime at a temperature lower than 40“ (104' F.); if the temperature is higher, the 
diastatic power is decreased proportionately. It is also shown that the optimum tem¬ 
perature far diastase conversion has a destructive influence upon Polyzime itself during, 
time period of 3 hoars or over. 

/, Preservation of strength: If Polyzime is kept in a dosed barrel at ordinary 
temperature it can be preserved for half a year with practically no change of the diastatic 
power. 


C. Amyloclgstic Power of Polyzime Compared with Malt Diastase. 

I. Method of Experimentation.—There are quite a number of meth¬ 
od* for this purpose, such as, for example, Dr. J. Takamine’s simple 
quantitative method of diastatic power determination ; 1 William A. 
Johnson’s;* J. Wohlgemuth’s;* S. A. Waksman’s . 4 Among these, the 
most accurate appears to be that of Wohlgemuth, and to make subse¬ 
quent data clear, we give here a condensed description of it, as follows. 

1 J. Sec. Ckm. Ini., 17,437 (1898), 

* "A Proposed Method for Routine Valuation of Diastase Preparation," Tm* 
JOTONAL, JO, 8o* ( 1 * 08 ). 

* Butchtm. Z„ 9 , 1 (1908). 

4 Tsas J OVEN At, 43, 393 (1920). 
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Wohlgemuth's Method and Scale.—Place in a series of test-tubes diminishing 
amounts of the enzyme solution to be tested. Introduce into each tube 3 cc . of a j% 
solution of soluble Starch and place each tube immediately in a bath of ice-water. 
Transfer the tubes raw at a time to a water bath at 40* for 30 minutes (or 34 hours with 
toluol). At the end of this time transfer again immediately to the ice-water bath to 
stop the action. Dilute the contents with 20 cc. of water, add one cc. of 0.01 N solution 
of iodine and shake well. One usually obtains colors from blue through violet, red and 
yellow to colorless, indicative of starch, erythrodextrin, achrodextritt, etc. Take 
the tube in which the blue or violet has entirely disappeared, giving place to either ted 
or orange-red color as judged by MuIIiken’s color standard sheet C; note the amount of 
enzyme solution in this tube and calculate the power of the enzyme as the number of 
cubic centimeters of one per cent, starch solution which is digested to this stage in a 
given time by one cc. of enzyme solution. 

Thus if 0.2 cc. (or gram) of the substance completely digests 5 cc. of starch solution 
in 30 minutes at 40°, then one cc. of that solution will be able to digest 250 cc. of one 
per cent, starch solution; or its power is then stated - 
40 ° 

D 30 mia. ” 350 (Wohlgemuth Seale) 

Here the time of reaction is brought into the final expression of diastatic powers 
that the method may be applied to substances whose power is very slight by allowing 
them to act a long time. 

II. Optimum Reaction of Starch Solution.—We tried to find the best 
degree of acidity or alkalinity of starch solution for liquefaction with 
Polyzime. For this purpose we always used Wohlgemuth’s method 
with one per cent, souble starch solution, but with different concentra¬ 
tions of add or alkali and at different temperatures. The soluble 
starch used was a standard preparation and the oddity or alkalinity of the 
solution was regulated by adding hydrochloric add or sodium hydroxide, 
with rosotic add as indicator. The malt diastase used was one of the 


a. ao 0 and 2 hours Djh. — 


ou of starch Hfo. 

Malt Extract. 

Poly-time. 

0 0004 it HQ 

430 

5600 

O 0003 

660 

6000 

0.0002 

930 

6000 

0.0001 

930 

6240 

0 0000 (neutral) 

930 

5000 

0.001 it NaOH 

730 

4200 

0.0002 

660 

3600 

0 0003 

530 

2JOO 

b. Jo° 

50 * 

and 2 hours. D2h. “ 


■action of starch toln. 

Malt Extract 

Poly time. 

0.0004 M HC 1 

960 

3330 

O 0003 

1700 

[5660 

0.0002 

2800 

15650 

0.0001 

2800 

16660 

0.0000 (neutral) 

2800 

16660 

o.OOOl M NaOH 

2800 

14000 

0.0002 

1870 

12400 

0.0003 

t6?0 

11200 
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best malt extracts on the market with a Lintner’s value {saccharifying 
power) of 380 (50°). The Pdyrime used was a standard strength fac¬ 
tory product, neutralized with add. Iintaet’s value * 150 (50°). 

These results indicate that Polyzime and malt diastase show a parallel 
behavior with changing acidity of a starch solution. Their maximum 
activities are shown in neutral or very slightly add solutions. However, 
Polyzime exhibits a 3 to 5 times greater addity. 

HL Optimum Temperature of Liquefaction.—High temperature ac¬ 
celerates diastatic action, at the same time destroying the diastase itself. 
Therefore, to determine the optimum temperature, it is necessary to con¬ 
sider the duration of digestion. Wohlgemuth’s method was used with 
<me per cent, soluble starch solution, the reaction of which was that of 
0.0001 M hydrochloric add, with rosolic add as indicator. The malt 
extract and Polyzime were the same as before. 


a. 

2 Hours and Different Temperature. 

Dih° 

Temperature-. 



°C 

Malt Extract 


Poly rime. 

20 

660 


4540 

40 

2 700 


15000 

SO 

2700 


15000 

Co 

1870 


6250 

70 

833 


IOOO 

So 

200 


357 

b 

Different Times and Temperatures. 

I>10h, ** 

Duration 

Temperature 

Malt Extract, Polyrlme. 

30 min. 


700 

3000 


55 

1070 

4820 


40 

2700 

16000 

2 hours .. 

. 3 « 

2800 

16660 


55 

2770 

16000 


60 

1870 

6250 


40 

6600 

I15000 

24 hours. . 


3700 

31600 


The conduskm to be drawn from the above is that the optimum tem¬ 
perature is about 55 s for 30 minutes to 2 hours digestion and 40 0 for 24 
hours. Here also the same relation exists between malt extract and 
Polyzime diastase. 

W. Comparison of the Amyioclastic Powers of Polyzime and Malt 

Diastase Sample#, 

The following results were obtained with Polyzime (dry Taka-Koji 
and Taka-Koji extract) and malt diastases (tire best malt flours and ex¬ 
tracts) with the Wohlgemuth method and for sacchaiogenic power tested 
by lintner’s method: 1 

1 J . proto. Chm „ 34, 386 (1886). 
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The samples tested (all lately manufactured), 

a. Polyzime “D” (dried Taka-Koji flour, Takamne Laboratory manufactured). 

b. Polyzime (Taka-Kojl extract, TaVamine Laboratory manufactured). 

c. Malt flour I. 

d. Malt flour II 

e. Molt flour III. 

/. Malt extract I. 
g Malt extract II. 



TA 40 ° 

•n 40 ° 

.. 40 ° 

Lintnfr's 

l.intner*# 


U 30 nun 

— D > t, — 

D 24 U 

— 20 „ 

50 * 

a . 


24000 

170000 

96 

250 

b . 

. .. 3000 

16000 

115000 

43 

ISO 

c. ,., 

.... 1053 

4000 

10000 

I 5 b 

550 

d . 



14000 

139 

410 

. 

... 8jo 


15000 

128 

400 

f ... 

- 700 

2700 

6600 

IOO 

380 

e ■■ ■ 

.... 400 

IOOO 

8632 

98 

340 


Summary. 

1. The diostatic power of Polyzime does not decrease at temperatures 
lower than 40°. Below that temperature it preserves its enzymic activi¬ 
ties for more than half a year with practically no change. 

2. The optimum reaction of starch solution for liquefaction by Poly¬ 
zime is neutral or very faintly acid. 

3. Polyzime is 3 to 5 times stronger than ordinary malt extract in its 
amylodastic power as indicated by testing according to Wohlgemuth's 
method. 

4. The optimum temperature of starch liquefaction by Polyzime is 
50° for a 30 minute to 2 hours digestion and 40 0 for 24 hours digestion, 
although it shows weaker saccharifying power than malt extract tested 
by Lintner’s method. 

Curroa. N J. 


(Contribution from the Department of Animal Husbandry, University of 

Illinois ] 

THE ESTERIFICATION OF ALPHA AMINO ACIDS. 

By H. A Shonle and H. H. Mitchell. 

Received M*rch 25 , 1920 

In the preparation of amino acids, or in the analysis of proteins by 
Fischer’s ester method, some means of measuring the extent and rate of 
esterification would be of vahie. The rate of hydrolysis of a protein can 
be accurately followed by the Van Slyke amino nitrogen determination 
(as well as by other excellent methods), but in so far as we are aware, no 
accurate method has been devised for following quantitatively the sub¬ 
sequent esterification. Such a method would permit a direct determina¬ 
tion of the relative merits of the different methods of esterification and 
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of ti>e best conditions as regards temperature, time, concentration, and 
Other factors under which such methods should be run. In the esterifica¬ 
tion erf amino acid nurtures from proteins and of pure amino acids, much 
valuable information could be obtained as to the rate and extent of es¬ 
terification. For example, are the di-amino adds as readily esterified 
as the monamino adds? Or, does the possibility exist that the diamino 
acids cannot be esterified by the ordinary procedure? Individual tests 
on aittino adds and comparative tests on proteins containing different 
amino acids would be of value in clearing up this point. 

Three methods have so far been used in following the rate of esterifica¬ 
tion, or in determining the amount of ester formed from organic acids, 
namely, (r) the changes in conductivity of the esterifying solution; (2) 
the actual isolation of the esters formed, and (3) the titration of the un- 
esterified acidity. 

Goldschmidt 1 has shown that, when such a catalyzer as picric acid or 
trichloroacetic acid is used in an absolute alcoholic solution of the organic 
add, the change in conductivity due to the change in the concentration 
of the water is a satisfactory measure of the velocity of the esterifica¬ 
tion. While this method would give the velocity of the esterification, the 
actual amount of the ester formed could be determined only indirectly 
and with difficulty. 

The isolation of the esters formed after a definite period of time, will, 
in the case of very stable esters, give accurate results. Phelps and Hub- 
hard* used this method very successfully with succinic acid. The suc¬ 
cinic ester, after being first freed from traces of acid by treatment with a 
solution of sodium carbonate, was extracted with ether and distilled under 
diminished pressure. The accuracy of this method depends Upon the 
stability of the ester and its solubility in organic solvents. 

All of the investigations on the esterification of a-amino acids have 
heretofore depended upon the actual isolation of the a-amino add ester, 
yet these esters are quite readily saponified. Investigations, carried out 
by Abderhalden and Weil,’ show that there is no difference in the yield 
of glutamic and aspartic adds when their ester hydrochlorides are freed by 
sodium hydroxide, sodium ethylate, or ammonia. Using Fischer’s method 
of esterification, they isolated and distilled 64.7 to 81.3% of the esters Of 
aspartic add and 65 to 77 5% of the esters of glutamic add. The crude 
esters cannot be weighed as such, since they always contain impurities and, 
whim distillation is the means of purification, there is always an undistilla- 
ble residue left representing decomposition products of the esters. 

Osborne and Jones 4 modified the regular Fischer method by using the 

* Goldschmidt, Elebrochem. Z., 15,4 (190a). 

* Phelps sad Hubbard, Am. J. Sci., *3,368 (w). 

* Abderhalden sad Well, Z. pkysM. Chm., 74,443 (tpir). 

* Osborne and Jones, Am. J. Pkynd., a$, ats (1910). 
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Phelps and Hubbard 1 method of esterifying organic acids. They re¬ 
covered 88.8% of leucine, 85% of glutamic acid and 69.5% of proline 
from one esterification of weighed amounts of these amino adds. These 
yields are somewhat higher than those usually secured and this increase 
is attributed to the superiority of the Phelps and Hubbard method. 
Levene and Van Slyke* similarly were able to recover 92% of valine in 
the form of its constant boiling ester, using the Fischer method and libera¬ 
ting the ester hydrochloride with barium hydroxide. Osborne and 
Jones 1 found that 75% of an amino add mixture is converted into esters 
at each esterification, calculating on the basis of the esters actually iso¬ 
lated. Many other instances can be cited, all of which show a varying 
and incomplete esterification. 

In all the work of Abderhalden, and Osborne and Jones, on a-amino 
acids, it must be remembered that the yields of esters obtained are in¬ 
fluenced by the incomplete recovery of the esters, due to the unavoidable 
loss of the esters saponified during the liberation of their hydrochlorides, 
and due to the inability of the solvent to extract the esters completely 
from the pasty mass. 

In most of the work done in securing the different constants in the 
esterification of organic acids, the rate of esterification has been followed 
by titrimetric methods. Goldschmidt, 3 Goldschmidt and Sunde, 4 Kalian,' 
Thomas and Sudborough* and many others, have followed this method 
with satisfactory results. The method itself is quite simple. Definite 
amounts of alcohol, organic acid and catalyzer are placed in a sealed 
vessel in a thermostat and aliquot portions are taken out far analysis 
from time to time. Either 0.2 or o 1 A 7 barium or sodium hydroxide 
solution is used for the titration with phenolphthalein as an indicator. 

In cases where the esters are readily saponified, the titration is carried 
out with ammonium hydroxide and litmus. When hydrochloric acid is 
used as a catalyzer, the mineral acid acidity can readily be determined 
from the amount of chlorine present as determined by a Volhard titra¬ 
tion. 

That this method is best adapted for quantitative work is without 
question, since it allows the determination, at any period in the process 
of esterification, of the per cent, of unesterified acidity. In order to ap¬ 
ply this method successfully to the esterification of a-amino acids, some 
means must be taken to overcome the basic influence of the a-amino 
group, since a-amino acids themselves cannot be determined by titration. 

1 Loc. til. 

* Levene and Van Slyfce, J . Biol. Ckem., 6, 479 (1909). 

* Goldschmidt, Bor., 38, 3218 <1895). 

4 Goldschmidt and Sunde, ibid., 39, 711 {1906). 

• Kalian, Uomtsk., ay, 54a (1906). 

• Thomas and Sudborough, Pnc. Ckm. Sec., ay, 314 (191a)- 
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The purpose of the investigation reported in this paper was to modify 
ihe tjtrimetric method in order to adapt it to the determination of the 
of «-amino adds. The modification used involves the use 
of the SSrensen formaldehyde titration of amino adds, by which the amino 
add aridity is titrated after the destruction of the amino group by con¬ 
densation with formaldehyde. The technique of the method is described 
in great detail by Sdrensen, 1 both for colorless or colored solutions of 
amino adds and amino add mixtures. 

Obviously the presence of amino acid esters would not influence the 
Sfirensen titration of the free ammo adds, provided that this titration 
could be conducted in such a way as to avoid any considerable saponifica¬ 
tion. In obtaining the per cent, of unesterified amino add acidity at 
any stage of the process of esterification, samples were withdrawn from 
the esterifying mixture from time to time and made up to volume. The 
unesterified amino adds were determined by running a Sdrensen titra¬ 
tion on an aliquot portion, and deducting the mineral acidity as deter¬ 
mined in a second aliquot portion by methods which will be discussed 
below. The total amino acid acidity was then determined in another 
aliquot portion. Thus, the per cent, of unesterified amino add aridity 
could be calculated from these data by employing the proper correction 
far volume. 

The experimental work of this investigation was conducted mainly on 
mixtures of amino adds as obtained by hydrolyzing protein, generally 
casein, with 20% hydrochloric add, until the Van Slyke amino nitrogen 
determinations indicated complete hydrolysis. The hydrolyzate was 
then prepared for esterification in the usual way, alter the partial removal 
of the glutamic add (usually) and the subsequent removal of the excess 
hydrochloric add and water by repeated evaporation -with absolute alco¬ 
hol. 

The resulting deeply colored, thick syrup was esterified by the method 
of Phelps and Hubbard 1 as applied to amino acid mixtures by Osborne 
and Jones.* This method of esterification consists in heating the abso¬ 
lute alcoholic solution of the amino add hydrochlorides and the residual 
free hydrochloric add to 100 to 105 0 in an oil bath, and passing vapors 
of a boiling 2% solution of alcoholic hydrochloric add in absolute alco¬ 
hol through the mixture. The alcoholic hydrochloric acid was made by 
saturating absolute alcohol with dry hydrogen chloride. Hydrochloric 
add was the only catalyzer used. Under these conditions of esterifica¬ 
tion the water formed during the reaction is presumably removed as fast 
as formed. At definite intervals during the esterification, 3 to 5 «. 
samples of the solution were removed for analysis by means of a pi pet. 

1 SSrenseu, Biochem. Z., 7, 47, 407 (1907-08). 

* Loc. cti. 
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Daring the course of the investigation many procedures were tested 
for detenninmg the mineral acidity, for decolorizing the samples, etc., 
which were afterwards discarded for better ones. A brief description of 
the experience obtained in the course of the work will illustrate the many 
difficulties that had to be overcome before a fairly successful method 
was finally elaborated. 

At first the samples removed for analysis were diluted with water and 
decolorized by the addition of 20 to 30 cc. of aqueous silver nitrate solu¬ 
tion (about 0.3 AT) as recommended by Sorensen. Care was taken that 
the solution still contained chlorides after this treatment. The silver 
chloride formed carried down most of the soluble coloring matter. The 
sample was then made up to a definite volume, usually 100 cc. filtered 
through a dry filter and aliquot portions submitted to a series of titra¬ 
tions. 1 

The total acidity of the sample was determined by a Sorensen titra¬ 
tion measuring, (1) the free amino add aridity, (2) the hydrochloric acid 
acidity, both that portion originally uncombined and that portion lib¬ 
erated by the condensation of the formaldehyde with the amino groups 
and with any ammonium chloride present, and (3) the nitric acid acidity 
added with the silver nitrate. 

The total mineral arid acidity present after treatment with formalde¬ 
hyde was taken as the sum of (1) the total hydrochloric acid acidity as 
determined by a Volhard chlorine determination, and (2) the total nitric 
acid acidity as determined from the amount of silver nitrate added dur¬ 
ing the decolorization of the solution. This determination is based on 
the assumption that all the mineral arid, free and combined, will be in 
the uncombined state after treatment with formaldehyde, an assumption 
which Sorensen found to be correct. 

The difference between the value of the Sorensen titration and the 
determination of the mineral acids by the latter method is a measure of 
the free amino acid acidity. 

The total amino acid acidity was determined by running a Sorensen 
titration on an aliquot portion of the filtrate which had been completely 
saponified by boiling with water and dll. hydrochloric arid for 18 hours 
under a reflux condenser. 1 

1 The end-point oi the Sorensen titration corresponds to an excess of alkali. Ob¬ 
viously any free alkali is to be avoided when esters arc present. Consequently In all 
the titrations carried on m the presence of esters, the first distinct pink color which 
corresponds to SOrensen's "second stage” had to be used as the end-print instead of 
the deep red "third stage ” For this same reason it was impossible to add an excess 
of alkali and titrate back with acid as in the original procedure. The use of this “second 
stage” gives a value averaging 6 to 8 % below the actual amino acid content of protein 
bydrriyiates, as can be calculated by applying Sorensen's tables to the analysis of 
proteins. 

* Saponification by means of barium or sodium hydroxide undoubtedly would be 
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* <£lte mineral add oddity after saponification could sot be determined 
,m before saponification, due to the loss of nitric add during refluxing. It 
•ma therefore determined by a titration to litmus as in the ordinary 
stw««M procedure. The a methods are comparable except for the pres¬ 
ence of the dibasic amino adds and ammonium chloride. The titration 
to litmus would indude half the aridity of the former, and none of the 
hydrochloric add contained in the latter. The mono-basic amino adds 
would not be titrated at alt, though the hydrochloric acid combined with 
them would be titrated. 

From the total amino add acidity, as determined by the difference be¬ 
tween these 2 titrations on the saponified solution, and the free amino 
urirf acidity as determined on the original sample, the extent of esterifica¬ 
tion was calculated. 

The results obtained from the above methods were not particularly 
encouraging. The percentage of the unesterified amino add acidity dur¬ 
ing the course of 6 to 8 hours esterification exhibited unaccountable fluc¬ 
tuations. It was tfaougbt that saponification probably took place during 
the titration of the aqueous solution of the esters with barium hydroxide. 
Consequently a series of tests was earned out with amino acid esters ob¬ 
tained from casein. After standing for 18 hours in alcohol of various 
strengths, the ester solutions were titrated. No saponification could be 
detected in the 95 and 80% alcoholic solutions. In the 60% alcohol, 
6 4% erf the ester was saponified, while in the aqueous solution a 25% 
saponification resulted. When a Sorensen titration was run on identical 
amounts of amino add esters diluted with water, 55, 75 and 95% alcohol, 
the amount of saponification increased with the increasing per cent, of 
water. Redistilled alcohol was therefore substituted for water as a 
diluent. The titrations were carried out with alcoholic silver nitrate 
and sodium hydroxide. 

Several esterifications of the mixtures of amino acids resulting from 
the hydrolysis of 175 to 200 g. of casein were followed by the method 

quicker, but there is a danger of the decomposition of the di-amino acids, if present. 
Also, when tests were run with barium hydroxide as a saponifying agent, a precipitate 
was always secured which was soluble m hydrochloric acid, and was presumably barium 
carbonate. Furthermore, glutamic acid is readily converted into pyrrolidooe carboxylic 
arid by boiling m the presence of alkali or by long continued boiling in water (Fore¬ 
man, Biochem J, 8, 481 (1914).) The esters of glutamic"acid (and aspartic add by 
tnalbgy) can be saponified by boiling with hydrochloric acid without the intermediate 
Formation of pyrrolidooe carboxylic add. (Abdethalden and Weil, Z. physiol. Cheat., 
W* 445 (t»n )4 The other amino adds found in proteins are comparatively readily 
saponified by boiling with water alone as has bttatshown by Fischer. 

After the add saponification, a finely divided-black predpitate was formed. This 
wit removed by filtering the sample, after h had been made up to a definite volume, 
through a dry filter. No attempt was made to discover the nature of this precipitate 
which was negligible in amount. 
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modified as indicated above. The results are included in Table I. Dur¬ 
ing the time of esterification, 1600 to 1800 cc. of absolute alcoholic hydro¬ 
chloric add were passed through the mixture of amino acid hydrochlorides, 
alcohol and free hydrochloric add. The bath was kept at a tempera¬ 
ture of no 6 . 


Eapt, 1. 
Uaesutificd 
amino acid 

Table I. 

Eupt. 2 
Unesterified 
amino add 

acidity. 

Time in 

acidity. 

%. 

hours 

%. 

63 

0 OO 

64 

37 

O 50 

41 

33 

I OO 



I 25 

3*5 

37 

2 OO 



2.25 

35 

33 

3-00 


31 

4 00 

32 

27 

5 00 



The above experiments show that 36% of the amino acid aridity was 
esterified during the repeated evaporation with absolute alcohol in re¬ 
moving the water. Most of the subsequent esterification occurred during 
the first hour, and from then on there was a slow and somewhat regular 
decrease of the unesterified aridity. The slowing up of the esterification 
was probably due to the difficulty in removing the small amounts of water 
formed during the esterification by means of alcohol. Considerable 
trouble was experienced in efficiently decolorizing the samples by means 
of the silver nitrate method with the result that color formation at the 
end point of the SOrensen titrations was somewhat masked. 

An experiment was carried out on a mixture of amino adds resulting 
from the hydrolysis of 200 g. of casein, from which the glutamic and aspartic 
arid had been removed by the method of Foreman. 1 During this pro¬ 
cedure an excess of calcium hydroxide was added to the bydrolyzate and 
the mixture filtered. The filtrate containing the remaining amino acids 
was light yellow in color, the melanin having been removed by the lime. 
The calcium was removed and the filtrate was prepared for esterification 
as usual. About 1500 cc. of alcoholic hydrochloric arid was passed 
through the mixture of amino arid hydrochlorides. The resists are 
given in Table II. 

As it was not necessary to add silver nitrate for decolorization (the mix¬ 
ture remaining dear throughout the run), the mineral arid aridity was 
entirely due to hydrochloric acid and was determined both before and 
after saponification by a Volhard chlorine titration. This amplified the 
procedure and made the determination before and after saponification 
comparable. 

1 Foreman, Biockem. J.. 8, 463 (1914). 
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Table IX. 

Time in 
houn. 

..... 0,00 

.o 50 

. 1,00 

..-- 2.00 

... 4.00 

...6.00 

Since the method of decolorization involving the use of silver nitrate 
was not found to be efficient, and since it complicated the determination 
of the mineral acid acidity after saponification, a method which would 
decolorize the entire solution before esterification without the addition 
of any inorganic salts or mineral acids other than hydrochloric would be 
very advantageous. The calcium hydroxide] used in the last experi¬ 
ment, while efficient in decolorizing, was difficult to remove quantita¬ 
tively. 

Denis 1 found that the addition of potassium alum to a colored hy- 
drolyzate made alkaline with sodium carbonate, almost completely de¬ 
colorized the solution. The soluble coloring matter was carried down 
with the precipitate of aluminum hydroxide formed. Instead of potas¬ 
sium alum and sodium carbonate, aluminum sulfate and barium hy¬ 
droxide were used, because they can be quantitatively removed from the 
solution. The hydrolyzate, after almost all of the hydrochloric acid had 
been removed by evaporation in vacuo, was made slightly alkaline with 
barium hydroxide. Ten g. of aluminum sulfate was then added for each 
100 g. of protein used. The precipitate of aluminum hydroxide, barium 
Sulfate and melanin was filtered off, leaving a clear yellow filtrate which 
Was free from aluminum. To remove the barium quantitatively as the 
sulfate, it was found necessary to add a slight excess of sulfuric add and 
heat the solution to boding. All the bariusn was then precipitated as 
the sulfate, and the excess of arid could be exactly removed by adding 
barium hydroxide in the hot. The filtrate was then prepared for esteri¬ 
fication as usual. 

Three esterifications of mixtures of amino acids from, (1) 50 g. of casein, 
(3) 25 g. of Vignin, and (3) 30 g. of gelatin, were followed by the method 
modified as indicated above. The procedure in each case was practically 
the same in.regard to time, temperature, etc. The temperature of the 
oil bath was kept sufficiently high (about rao 0 ) so that the temperature 
of the esterifying mixture was between too and 105 s . In each case one 
liter of 3% alcoholic hydrochloric arid was passed through at a constant 
rate for 8 hours. * 

1 Denis, J, Biol Ckem., 8, 431 (1910). 


Otwsterified 
amino arid 
acidity 
%■ 

IS - - 
3 « • 

40. . . . 

47 

43 .... 
33 
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The usual samples were taken off at definite intervals and made up to 
50 cc. with redistilled 95% alcohol. A 10 cc. portion was used for a 
Sorensen titration and a 5 cc. portion for a Volhard chlorine determina¬ 
tion. Twenty-five cc. was saponified by boiling with dil. hydrochloric 
acid for a period of 18 hours under a reflux condenser. The saponified 
sample was then evaporated on the steam bath to a small volume and 
made up to the original volume of 25 cc. A 10 cc. portion of this was used 
for a Sbrensen titration, and a 5 cc. portion for a Volhard chlorine de¬ 
termination. By applying the proper volume corrections, the differences 
between the titrations before saponification will give the free (unesteri- 
fied) amino acid acidity, while those after saponification will give the total 
amino acid acidity in terms directly comparable to the first titration. 
From these 2 values, expressed in cc. of N acid, the per cent, of unesteri- 
fied amino acid acidity can be determined directly. The standard solu¬ 
tions used for the Sorensen titration, however, were 0.2 N and those for 
the Volhard titration were 0.1 N. The results of this series are given in 
Table III in terms of N acid. 


Tabls III. 
Expt. 1, Casein. 
Before Saponification. 


Time m hours. 

., 0 00* 

0 50 

1 50 

3 JO 

J 50 

8.00 

Total acid. 

, * .... 

2 9 fi 5 

3 336 

2 586 

4.141 

3-434 

Mineral acid. 

.... 

2 213 

2.562 

I 995 

3-520 

1.830 

Free amino acid. 

. 

0 752 

0 594 

O 591 

0.621 

0.584 


After Saponification. 




Time in hours. 

0 00“ 

O 50 

I .30 

3 50 

5-50 

8 00 

Total acid. 


4.861 

3 oss 

5-°73 

5 604 

5-954 

Mineral acid... 


3 385 

4 147 

3 494 

3 832 

3 543 

Total amino add. 


r 476 

1 Sr 1 

1 579 

I.772 

2 411 

Unesterified amino acid acidity. 

% 

Si 

43 

38 

36 

24 


Expt. 2 

Vignin. 






Before Saponification. 




Time in hours. 

O OO 

O 50 

I .50 

3-50 

5 50 

8-00 

Total odd. 

1 809 

2 311 

3 369 

3 277 

3 792 

2.155 

Mineral add. . 

.. 1 704 

1-894 

3-794 

2 OSO 

3 4 30 

I.902 

Free amino add. 

. . I . 105 

0.417 

0 575 

0.227 

0.372 

0.253 


After Saponification. 




Time in hours. 

. . 0.00 

0.30 

1.50 

3 50 

S.50 

8.00 

Total add. 

.. 6.877 

6.076 

5 221 

3.046 

6.346 

3.213 

Mineral add. 

.. 5 690 

4.702 

3.302 

1.866 

4.002 

1-934 

Total amino add. 

.. 1.187 

1-374 

1919 

1 180 

2 344 

Ia »79 

Unesterified ammo acid acidity, % 93 

30 

30 

19 

16 

20 


* The sample taken oil at the start gave an impossible result. 
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Sxpt. 3, Gelatin. 


Thae In hours. 

ijefore Saponification. 

3 50 

5 SO 

8.00 

Total arid..... 

4 7 *o 

5 4«2 

4,402 

3 036 

4.166 

3.491 

Mineral add. 


4.018 

3 431 

2-474 

3.508 

3018 

Free amino add. 


1-394 

0.971 

0.563 

0.658 

0-473 

'Tuna in hours. 

After Saponification. 

3.jo 

5.50 

8.00 

Total add—.. 

. 8.144 

9.125 

7 962 

4 227 

6 350 

5 410 

Mineral add. 

. 5 485 

6.182 

4-695 

2 464 

3 798 

3-199 

Total atnhio add. 

. 2.659 

2 943 

3 267 

1 763 

2 552 

3 . 3 U 

Unesterified amino add acidity, % 7a 

46 

30 

3 * 

26 

21 


No perceptible deepening of the color of the mixture was notice dur¬ 
ing the course of esterification. The slightly higher results obtained for 
the extent of the esterification, as compared with the values obtained 
in the previous experiments, may be attributed to the slightly higher 
temperature of the esterifying mixture and the larger proportional amount 
of alcbhol passed through it. From the results shown in Table III, it 
is evident that the percentage of unesterified amino acid acidity was 
slowly decreasing at the end of 8 hours. It is probable that the period 
Of esterification used in the work of Osborne and associated (6 to 8 hours) 
is not sufficiently long to secure maximum results. 

The mte of esterification of the casein was somewhat slower than that 
of the gelatin or vignin, but in the case of the vignin it must be remem¬ 
bered that twice as much alcohol was passed through the esterifying 
mixture in proportion to the amount of protein used, as in the other cases. 
At present we are unable to say, because of too little evidence, whether 
or not qualitative differences in amino acid mixtures will cause definite 
differences in the rate of their esterification. However, the absence of 
striking differences in the figures obtained from such different proteins 
as casein, vignin, and gelatin is significant. The fact that for each pro¬ 
tein the extent of esterification at the end of 8 hours is approximately 
the same is noteworthy, and would indicate that the unesterified amino 
arid aridity represents an approach to an equilibrium rather than to a 
definite unesterifiable fraction. 

It was found possible to esterify lysine to the extent of 8a% in several 
hours time. Alanine could be esterified to the extent of 96% and glutamic 
arid 85%. These values are not to be regarded as being maximal in 
the case of any of the above amino acids. From this we can see that 
the 3 groups of amino adds present m proteins are esterifiable. 

In carrying out the analysis of casein by the Fischer metbodi several 
fractions of the ether insoluble residues were secured. These residues 
wy largely consist of the di-amino acids. Upon subjecting these amino 
adds to the regular procedure for esterification for to hours, the follow¬ 
ing results were secured: 
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Table XV. 

Di-amino Add Fraction. 

Unesterified amino acid 

Time in acidity, 

hour®, %. 


0.00 
1.00 

2 .OO 
7.00 
II 50 
1550 
20.50 


50 

45 

43 

38 

27 

26 

n 


A comparison with Tables I, II and III shows that the rate of esteri¬ 
fication was slower when the di-amino acids were present in a large concen¬ 
tration. 

Several samples of amino acid mixtures from casein were esterified for 
20 to 24 hours. In one case it was found possible to reduce the unesteri- 
fied residue of amino acids to 12%. Unexplainable fluctuations occurred 
in the percentage of unesterified amino add acidity during the last 12 
hours of esterification. We are planning a series of experiments to de¬ 
termine whether there is a real fluctuation in the actual amount of ester 
present or whether, due to a possible heterogeneous condition of the syrupy 
esterification mixture, our method of sampling was at fault. Thus when 
an amino acid mixture from vegetable albumin was subjected to an esteri¬ 
fication for 18 hours, the following results were secured: 


Table V. 



Unesterified amino add 

Tioie in 

acidity 

hoars 

%. 

12 Q> . 


15 0. 


18.0. 



Possibly during the later stages of the esterification as the mixtures 
become more and more dehydrated, the unesterified amino adds crystallize 
out of solution and interfere seriously with the sampling. 

The accuracy of the above method of determining the extent and the 
rale of esterification of a-amino adds depends, (1) on the accuracy of the 
quantitative methods used; (3) on the stability of the amino add esters 
during the Sdimsen titration; and (3) on the homogeneity of the mix. 
tore from which the samples are taken. 

The methods used are in themselves accurate for the determination of 
the ratio of unesterified amino add to total amino add content. As 
shown above, the amino add esters are stable in 95% alcohol, but they 
am readily saponified at the concentration of hydroxy] ion required in 
the Sfirensen titration. 

The per cent, of amino add esters saponified during a Sorensen titra- 
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1 decreases with the increasing concentration of the ester solution, 
i of this is shown in Tabic VI. 


Tabus VI. 


Normality of 
amino add ester in 
sample titrated. 


Rater saponified 
during titration. 
%. 

O.71. 









0 04. 


. 84 

0.02. 

. « , . . . . 

. M-6 


The amino add ester concentration in the samples subjected to the 
Sorensen titration in our procedure varied from o. i to 0.2 N (see Table 
III). Accordingly, therefore, a saponification of 5 to 3%, occurred dur¬ 
ing the titration. Consequently the amount of amino add acidity ti¬ 
trated is the sum of the unesterified amino adds present in the sample 
and of that fraction formed by the saponification of the esters during the 
operation. 

However, since the Sorensen titration is discontinued at the "second 
color stage,” the titrations secured are, as shown above, 6 to 8% low. 
Thus the 3 to 5% of saponification of the esters (in which state 80 to 90% 
of the total amino add content of the sample is represented) will be only 
partially offset by the 6 to 8% undertitration of the amino adds. From 
these data, the titration of a sample containing 90% of the amino adds 
as esters will, by the methods used, show an ester content 2 to 3% below 
the amount actually present. Consequently the reported values of the 
free amino arid aridity of samples removed near the completion of the 
esterification are several per cent. high. 

Summary and Conclusion. 

The rate and extent of esterification of organic acids can be conveniently 
followed by titrametrk methods. In adapting such a method to the 
esterification, of a-amino acids, some means must be used to overcome 
the basirity of the amino group before the free amino add acidity can 
be titrated. The modification employed involves the use of the Sbrensen 
titration of amino adds. The free amino add aridity in samples with¬ 
drawn from the esterification flask, is titrated with the free mineral arid 
ariflify after the destruction of the amino groups and ammonium salts 
with formaldehyde. The determination of the free and combined hydro¬ 
chloric arid (jthe only mineral add present) is elected by a Volbard chlorine 
titration. The difference between these titrations represents the free 
amino arid aridity. The same procedure applied to an aliquot portion 
of the same sample after saponification with d3. hydrochloric add, 'will 
give the total amino add aridity. Prom these a results, the per cent, 
of unesterified amino acid can be readily cakalstad. 
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In the case of highly and colored mixtures of amino acids from protein 
hydrolysis, decoiorization was effected by the addition of aluminum sul¬ 
fate to the hydrolysate made alkaline with barium hydroxide and subse¬ 
quent filtration. The barium mas removed as the sulfate. 

The method has been successfully applied to mixtures of amino adds 
from casein, vignin, gelatin and vegetable albumin and to mixtures rich 
in the di-amino adds, as well as to individual amino adds, and shows that 
in a single esterification as high as 90% of the amin o acid aridity may 
be esterified in the case of amino acid mixtures. Alanine was 96% esteri- 
fied, lysine 82% and glutamic arid 85%. From the data given a tenta¬ 
tive correction of 2 or 3% can be added to the per cent, of amino arid 
esterified. 

From the results obtained in this investigation, it appears that there 
is no unesterifiable residue of amino adds. The reaction as carried out 
by the above method is apparently one in which an equilibrium is reached 
when an appreciable amount of amino arid is still unesterified. 

This method will be of value in determining the best conditions under 
which the esterification of a-amino acids should be run, and in comparing 
the efficiency of the different methods of esterification. 1 

Vmmama. lu . 


THE COMBINATION OF FRACTIONATION WITH SPECTRO¬ 
PHOTOMETRY IN PROXIMATE ORGANIC ANALYSIS.* 

By W. E. Mathewson. 

Received April 7, 1920 

In making the chemical examination of various commercial products 
it is often desirable to estimate with some precision certain colorless 
substances which are found in quantities of less than a few mg. in the 
sample available. The spectrophotometric method* fear estimating 
dyes has the special advantages of being applicable with very small amounts 
of tire coloring matters and requiring no quantitative preliminary puri¬ 
fication of them. It has not been largely used for the determination of 
colorless organic compounds because but few of these substances can be 
converted easily and completely into colored derivatives by means of re¬ 
agents that are themselves odorless or widely different in shade. A pro¬ 
cedure of somewhat general applicability, however, consists in combining 
or condensing the substance to be estimated with a suitable compound 
1 Aa investigation of the cause of the variation of the amount of esters formed during 
long continued esterification » being planned. The method will also be so modified 
as to allow the addition (or subtraction) of a correction factor wbkh will include the 
under-titration as well as the sa p oni fic ation of the amino acid esters. 

* Published by permission of the Secretary of Agriculture. 

1 For the development of quantitative spectrophotometry, see G. and H. Kruess, 
“Kolorimttrie and quantitativ Spektraianalyse," Hamburg, 1909. 
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strongly colored derivative, this being separated then by frac- 
with immiscible solvents 1 from other colored substances present 
Jfi the reaction mixture. '* / ' ‘ 

To establish the identity of the colored derivatives several points on 
their absorption curves may be determined. Most of these substances 
change in hue Or color intensity with acids and alkalies tod possess such 
Stability that their dissociation constants as wreak adds or bases may 
be determined by the usual spectrophototnetric method. 

A few experiments made with test solutions and well known reagents* 
ate described below. 5 

Sutftmilic Acid.—’Ten cc. Of the solution to be tested was treated with t.occ. of a 
i% solution of pieryf chloride in glacial acetic add, heated to boiling, and allowed to 
stand s minutes. Five cc. of a t.4% solution 0/ aniline hydrochloride was then added, 
the mixture again heated to boiling, allowed to stand 5 minutes, cooled, and acidified 
with 1.6 cc. of 5 N hydrochloric acid to bring its acidity to about o 5 N. It was then 
shaken out successively in 3 funnels with 15 cc portions of benzene, and the benzene 
portions washed by shaking with a 15-co. portion of 0.5 ff hydrochloric acid, this being 
passed through the funnels in the same order as the original solution, to which it Was 
finally added. The add solution was made to a definite volume with 05 If add and the 
light absorption at 43s as determined. 

Five trial solutions treated in this way contained respectively, (a) 0.0030 g , (&) 
0.00150 g., and (c) 0.00050 g- dry sulfanilic acid; (d) 0.020 g. pure G. salt (disodium 
beta-naphthol disulfonate) and 0020 g. pure sodium- i-naphthoi-2-sulfonate; and (s) 
pure water only. The trinitro-dip'henylaniine sulfonic add solution obtained from (a) 
was diluted to exactly 100 cc. with 0.5 N hydrochloric acid and 7{ cc, titrated with 0.1 N 
titanium trichloride solution by Kuecht and Hibberts' method, adding first an excess 
of sodium tartrate and a measured amount of bight Green S. F. Yellowish solution to 
serve as indicator. 2 47 cc. was required to reduce the nitro compound, correspond¬ 
ing to 0x30474 g, of sulfanilic add in the original solution, or a recovery of 95%. The 
transmissive index or extinction coefficient* at 435 wa was found to be lx>7. The solu- 

1 J. Ind. Eng. Ckem , 5, 26 (1913). 

* Picryl chloride, Turpin, J. Chen. Sac., 59, 714 (1881); DinttiaphtnyUiydrazint, 
Purgotti, Go*, dim. itaJ., 24, 535 (1899); Borsche, Ann., 357, 180 (1907) ;diazobenzene 
sulfonic add, Ehrlich, Z. klin. Med., 5, 285 (1885). 

* The optical measurements were made with a Kdnig-Martens spectrophotometer 
provided with a heavy brass carrier by means of which the absorption oell could readily 
be adjusted to allow the full and symmetrical illumination of the slits. One of the 
compartments of the double cell was filled with the adored solution, the other with the 
pure solvent (or blank) allowing the transmissivity of the dissolved colored substance 
to be determined directly. Monochromatic light from a quartz mercury lamp (Cooper* 
Hewitt, Type Y) was used when the solution under examination showed relatively high 
absorption for one of the strong mercury lines. 

In the calculation it is assumed that within the range of the concentrations em¬ 
ployed the specific absorptive power of the colored substance may .fee considered to be 
independent of the volume of the solvent. In other words the mtlo betw» 4 n the con¬ 
centrations of 2 solutions is taken to be the same as that between their extinction co¬ 
efficients or transmissive indices. 

* Bunsen and Roscoe (Pegg. Ann. Pky/ik., 101, 348 (1837)) defined the extinction 
coefficient of an absorbing medium as the reciprocal of the tWriremfi of the layer required 
to reduce the intensity of the incident tight to Vo its original value. 
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tiena from (d) and («) were practically colorless and were discarded. Those from 
( i ) and (c) were diluted to 100 cc. and 50 cc., respectively, and gave indices of 0.35 and 
0.25. Assuming proportionality these correspond, respectively, to 0.001 JJ g. and 
0.0005s g- of sulfauilic acid. 

Acetone.—A reagent was prepared by dissolving 0.10 g. of 2,4-dinitro-phenyl- 
hydrazine in 1.0 cc. of warm pyridine and adding 10 cc. of cone, hydrochloric acid. 
Tea cc. of the aqueous solution to be tested was treated with 5 cc of the reagent and 
the mixture showed to stand 15 minutes in a stoppered bottle. It was then transferred 
to a separatory funnel with about 7 cc. of 2 N hydrochloric acid and shaken out with 
3 portions (19 to 20 cc. each) o( carbon tetrachloride, these being shaken out successively 
in a second funnel with a 20-cc portion of 2 jV hydrochloric acid. The carbon tetra¬ 
chloride was then diluted to exactly 60 cc. in a graduated cylinder, and its transmissive 
index at 43sau determined and compared with that obtained with a standard carbon 
tetrachloride solution of pure acetone-dinitropbenyl-hydrazone. Because of slight 
oxidation or of some impurity in the reagent a very faint coloration was obtained with 
blanks, being due to a substance similar in its solubilities to the hydrazone. 

Ten cc. of a solution containing 0.000508 g. of redistilled commercial c. p. acetone 
(about 98%, d, s 0.7862) gave by this procedure a carbon tetrachloride solution having 
a transmissive index of 0.651. A blank carried through by the same procedure gave 
0.053 and a solution of 0.0100 g. of pure acetone-dinitrophenyl-hydrazone in 100 cc. 
of carbon tetrachloride gave 0.852. o 000472 g. of acetone was, therefore, recovered 
from the acid solution. 

0-Naphthol.—A diazo solution was prepared by mixing at ordinary temperature 
12 cc. of 0.2 N sodium sulfanilate, 10 cc. of 0.1 N sodium nitrite solution, 20 cc. of JV 
hydrochloric add and sufficient water to make so cc. Ten cc. of the aqueous solution 
to be tested was treated in succession with 5 cc. of the diazo solution, 3 cc. of a 0.1 N 
solution of purified G-salt fdisodium beta-naphthol disulfonate), 3 cc. of 5 N sodium 
carbonate solution, and 3 cc. of glacial acetic acid. It was then shaken out in 3 funnels 
with 23-cc. portions of amyl alcohol and these were washed in the same order with 3 
20-cc. portions of N acetic add solution. The amyl alcohol portions were each diluted 
with 30 cc. of gasoline and the dye completely removed by shaking out with several 
small portions of water. The aqueous solution thus obtained was treated with 6 cc. of 
glacial acetic add and water to bring its volume to 100 cc. A second solution (i>) w»s 
treated by a similar procedure, but omitting one funnel and one washing portion of add 
and making up the sulfobenzene-azo-F-naphthol solution obtained to 25 cc. The trans¬ 
missive indices were determined at 481^-485^(1 and compared with that obtained 
with a standard solution of pure dry Orange II m X acetic add solution. Solution 
(a) contained 0.00030 g. of 6-napbthol; recovered 0.00046 g. Solution (&) contained 
0.000030 g.; recovered 0,000043 g. 

Summary. 

Examples are given of a procedure for the estimation of small amounts 
of organic compounds which consists in converting than into colored 
derivatives, these being separated from the excess of the reagents and 
from any other colored substances present by fractionation with immisci¬ 
ble solvents and finally estimated spectrophotometrically. 

Bum*an ov Ck»¥»t»v, U. S. Dsft Aox, 

Wanmranw, D. C. 
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THE DECOMPOSITION OF NITROSO COMPOUNDS. II. 

By Wn.UAM A. Noyes and Jambs A. Coss. 

Received April 15, 1920 

The work described in this paper was carried out partly at the Uni* 
versity erf Illinois and portly at Clarke University. It was mostly com¬ 
pleted before the dosely related work of A. Oppe 1 appeared, but for 
various reasons publication was delayed. We wish to express our indebted¬ 
ness to Professor M. A. Rosanoff for the use of the chemical laboratory 
of Clarke Uhiversity, in which the latter part of the work was done, and 
for valuable suggestions made in difficult parts of the investigation. 

Some years ago Taveau* and one of us found that when the nitroso 
derivative of the anhydride of amino-lauronic acid, 

< CO 

S 

NNO 


moistened with ethyl alcohol, is treated with a 10% solution of sodium 
hydroxide a compound is formed to which the semi-empirical formula. 



was given. With methyl alcohol a similar compound, 



is formed. 


A study of the decomposition of nitroso-phthalimidine. 



was undertaken in the hope of securing further light on the reaction. It 
was soon found that when an alcoholic solution of this compound is treated 
with a small amount of sodium hydroxide the ethyl ester of ethoxy-toluic 
acid, C*H*Oi■ CC*H<CH» 0 CsH», is formed. 

Further study led to the discovery that at a low temperature nitroso- 
phthalimidine gives diazo-toluic ester. 


.COjClHj 
C«H< M 
\:i\ | 

n n 


when treated with alcoholic sodium hydroxide. When this red, diazo 


1 -Ber-. 46, togs (1913), 

* Am Cbm. 31, 290 (>904). 
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compound is allowed to stand in an alcoholic solution it changes slowly 
to the Wr-hydrazone of phthaldehydk ester: 

< 0»C»H» /COrCtH, C.H.O.CX 

/N = C,h/ )>CJEI, + N, 

H< || X CH - N—N - HC X 

X N 

If a solution of the diazo compound in absolute alcohol is boiled, the 
ethyl ester of ethoxy-toluic acid is formed: 

XO,CjHf yCOiCjHi 

C,H/ y N + CjH(OH = C.H< + N, 

X CH< || 'CH, — O — CjHj 


This is, of course, similar to the formation of anisole and other ethers 
by the action of diazomethane on phenol and other alcohols. 

In the light of these results it is evident that the compound referred to 
at the beginning of this paper is the fris-hydrazone of camphononic ester, 

/ co 3 c ! h 1 c,h 1 o,c v 

C,H,4 V.Hu 

X N- 

This conclusion was confirmed by hydrolyzing the compound by heat¬ 
ing it with hydrochloric add. This gave camphononic acid, 

/CO|H 
r.w. / 


and hydrazine hydrochloride. 

The ether ester of hydroxy-lauronic add, 

yCOiC^H* 

C.H «<( 

X) — CjHi 

analogous to the ether ester of hydroxy-toluic add spoken of above, was 
also obtained. 

The compound spoken of as possibly an azo compound at the close of 
Taveau’s 1 paper was, of course, the Wr-hydrazone of camphononic add, 

✓COiH HOjCv 

C,H "\ n _ i / C,Hu 

This differs by only 2 hydrogen atoms from the diazo formula suggested 
and tlie analytical results for nitrogen and for titration with alkali agree 
«better with the &w-hydrazone formula than with the other. 

So far as we can discover, no one else has observed the formation of 
a Wr-hydraxone from a diazo compound in the manner described in this 
paper. There seems to be good reason to expect that the reaction may 
occur in many other similar cases. 

‘ -Am. Cbm. J., 32, 294 (1904). 



WlUXAM A. NOYES AND JAMES A. COBS. 


Experimental Part. 


Phthaiimide was prepared by a modification of Dunlop’s 1 method, 
rising ammonium carbonate in place of urea. Twentydive g. of pbthalio 
anhydride was mixed with an equal weight of ammonium carbonate 
and the powdered mixture was heated in a long-necked flask till the Whole 
was in a state of quiet fusion at 300 After cooling and crystallizing 
from water, 22 g. of phtbalimide was obtained. 


Phthalimidine and its Nitroso Derivative, C # H 


/C° v 

^ \NNO, were 


prepared by the method of Graebe, 5 but the method of Oppe 8 is probably 
better. 


< COiCjHi 

/N .— To 
C«< || 


8 g. of nitroso-phthalimidine 


dissolved in 30 cc. of ethyl alcohol and cooled with ice and salt, 2 g. of 
sodium hydroxide dissolved in 20 cc. of alcohol was slowly added. Some 
nitrogen was evolved and the solution became of a bright red color After 
standing in the freezing mixture for an hour large red crystals were formed, 
these were separated and recrystallized from alcohol. The compound 
melts at 39 0 . 


Calc for CuHwOjN, C, 63 16, H, 5 26, N, 14 73 Found C, 62 78. 62 84, H, 
5 - 25 . 5 - 23 . N, 1550, is 49 


A molecular weight determination by the cryoscopic method gave the 
following results: o 2168 g. dissolved in 22 23 g. of benzene gave a de¬ 
pression of 0.253°, and o 3444 g. gave a depression of o 416°. These 
results correspond to a molecular weight of 188 and 182, respectively. 
Calc, for Ci#HioNjOj = 190. 


Bir-hydrazone of Phthaldehydic Acid, 


xXhC,n, CjHjOjCv. 
X CH-N-N~H<y 


When this diazo compound is allowed to stand in an alcoholic solution, 
the red color gradually disappears and in 2 or 3 days a yellow compound 
separates from the solution. When a new solution is gently wanned 
nitrogen is evolved and the color changes to pale yellow. On codling and 
seeding with the yellow crystals, almost tfee theoretical yield of the bis- 
hydrazone is obtained. It melts at 145°. 


8.07. 


Calc, for C*Hs>CW, C, &8.18, H, s 68; N, 7.93. Found: C, 68.20, H, 6.03; N, 


By the cryoscopic method, o.uao g. in 44 g. of benzene gave a de- 


1 Am. Chan . J , 18, 33* (1896). 
8 Ann Chtm „ 247, 288 (1888). 

* Ber., 46,1099 (1013)- 
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pression of 0.38°, which corresponds to a molecular weight of 324. The 
molecular weight for the formula CmHmAN* is 352. 

Phthalazone and Phthaldehydic Add.—When the ins-hydrazone is 
heated with cone, hydrochloric acid in a sealed tube at 130 s for an hour, 
phthalazone, 


and phthaldehydic add, 



are formed. The phthalazone melted at 183°, and gave, by analysis: 

Calc, for CiEUfjO: C, 68.75: H, 4.11; N, 19 18. Found: C, 65.62, 65.71; H, 
4.27,+.24; N, 19.30, 19,16. 

The solution of phthaldehydic acid reduced Fehling’s solution and gave 
a deep red color when warmed with ferric chloride and sulfuric add. 

The bis- hydrazon, melting at 145 was also prepared by adding hydra¬ 
zine hydrate to a solution of phthaldehydic add. 

C CjH» 

.—When a solution of the ted diazo 

CjH, 

compound in absolute alcohol was boiled nitrogen was rapidly evolved 
and in half an hour the solution became colorless. The alcohol was dis¬ 
tilled off and the oily liquid which remained was distilled under diminished 
pressure. The major portion came over at 160 under a pressure of ao 
mm. This distillate contained some phthalide, which was removed by 
washing it with a solution of potassium hydroxide. As it was found 
difficult to purify the oil, it was saponified by boiling it with an alcoholic 
solution of potassium hydroxide. After evaporating away the alcohol, 
the add was predpitated with hydrochloric add. ft was recrystallized 
3 times from hot water, dried and re-esterified by heating it tor 4 hoars 
with absolute alcohol containing 5% of hydrochloric add. The alcohol 
was distilled off, the residue washed with water, taken up with ether, and 
the ether distilled. The residue was dried over caldum chloride and dis¬ 
tilled under diminished pressure. The dear oily compound had a pleasant, 
fruity Odor. 

Calc, for C»Hi< 0 »: C, 69.23; H, 6.79. Found; C, 68.60;If, 7.66. 

* Molecular weight determinations by the cryoscopic method with ben¬ 
zene as the solvent gave unsatisfactory results, probably due to associa¬ 
tion. 'With glacial acetic add, 0.742 g., in 28 g. of the add, gave a de¬ 
pression of 0.49 6 ; 0 4300 g. in 12.89 g. gave a depression of 0.63°. These 
results correspond to molecular weights erf 210 and 205, respectively. The 
theoretical value is 208. n* 1.49556, and dfj 1.059, This gives a 
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molar infraction of 57.39 by the formula BruM’s value* for 

> < (it-fiM 

atomic refractions give the calculated value, 37.46, for the molar 
refraction. , 

It is noteworthy that in the method of preparation described the bis- 
hydrazone as well as the diazo compound is transformed to the ether 
eater. 1 

A portion of the ether ester was decomposed and reduced to o-toluic 
Head by heating it with red phosphorus and hydriodic add. The latter 
melted at 104°. 0.0845 g- of the add required 6.9 cc. of 0.1 N sodium 
hydroxide solution for neutralization. The calculated amount is 6.a cc. 
The result fa not satisfactory, bat it shows that the add was monobasic. 

0.5 g. of the ether add was oxidized in a sealed tube with nitric add. 
The product, after recrystaUizing from hot water, melted at 307 0 and was 
converted to the anhydride. The latter, after cooling, melted at ia8°. 

Ethoxy Add,—This was prepared as described above. It melts 
at *4.5°. 

Calc, for C,HuQi: C, 66.67; H, 6.72. Found: C, 66.40; H, 6.67. 

Subs., 1.1293; 62.94 cc. of 0.1 N sodium hydroxide soin. Calc., 62 73. 

Derivatives of Amino-Unronk Add.—When 20 g. of the nitroso de- 

sCO 

rivative of the anhydride erf amino-lauronic add, CrH,Af | , was added 

x NHO 

in small portions to a coded solution of 2.5 g. of sodium in 75 cc. of abso¬ 
lute alcohol, a bright red color appeased, indicating the formation of the 
diazo compound. This did not separate, however, as in the case of the 
derivative of phth alim i d i n e described above. After 3 hours the red color 
had disappeared and given place to a yellow. The straw-colored solu¬ 
tion was diluted with water and extracted with ether. The ethereal solu¬ 
tion was washed with water to remove the alcohol, dried with sodi um 
sulfate and the ether distilled. From the residue, by coding with a freez¬ 
ing mixture, crystals melting at 104® were obtained. These were evi¬ 
dently identical with the compound described by Noyes and Taveau.* 
From analogy this compound fa evidently the hw-hydraxone of campho- 
aonlc add, Corresponding to the fcw-hydrazone of pbthaldehyde acid ob¬ 
tained from phth a l imidin e. In order to test this interpretation mare 
positively, the compound was hydrolyzed by heating it in a sealed tube 

* stsudioger and MSdding {Btr., 49, 1973 (1976)) report the formation of the 

methyl ether ester together with pbthalide when the diazo ester is allowed to stand in 
moist sir. They do not seem to have noticed that this is similar to the formation of 
ethers and esters by the use of dmomethane, and they do not report the Mz-faydrazone 
which we have found. We have noticed the same poisonous, productef wnn Hty 

of the nitroso compound which they found so tMemtti 

* Am. Ckm- 32,291 fiwn). 
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with 3 o% hydrochloric acid at 150-160° for 3 hours. This gave cam- 
phononic add, which was identified, after recrystallizing it from water, 
by its smiting point of 230-231 °. When mixed with camphononic 
acid the mixture melted at 232 °. In a benzene solution the specific rota' 
tiott at 22° was 23.2 s , while that of a sample of camphononic add was 
23,5°. Potter and Noyes 1 give the rotation as 17.8° at 27.5 0 . 

By evaporating the solution from which the camphononic add had been 
separated, hydrazine hydrochloride was obtained. The chlorine in this 
was determined as silver chloride, the hydrazine by titration with potas¬ 
sium permaganate after adding silver sulfate. The analysts gave: 

Subs., 0.03*3; AgCl, 00880. Subs., 0.0665; N,H«, 0.0216. 

Calc, for NjHi.jHCl'. Cl, 67.60; NiH,, 30.50. Found: Cl, 69 10; N,H t , 32.43. 


The results found are not satisfactory, but not enough material was 
available for us to repeat the analysis. 

Ether-estar.—The mother liquors from which the bu-hydrazone was 
crystallized were distilled under a pressure of 3 nun. Most of the ma¬ 
terial distilled at 113-115°. 


/CO.C.H, 

Calc, for C.Hu<f : C, 68.42; H, ro.52. Found. C, 68.14; H, 10.36. 

N> — C,H, 

Summary. 

1. Phthalimide can be prepared easily and in good yield by heating a 
mixture of phthalic anhydride with an equal weight of ammonium car¬ 
bonate. 

2. Nitroso-phthalimidine is converted into a diazo compound when a 
suspension of it in cold absolute alcohol is treated with sodium ethylate. 
The yield is poor and Oppe's method is probably better. 

3. When a solution of the red diazo compound in alcohol is warmed 
gently it is converted to the bts-hydrazone of phthaldehydic acid. 

4. When a solution of either the diazo compound or of the bu-hydrazone 
in alcohol is boiled, the ether-ester of hydroxy-toluic acid, 

/CO,C*H, 

C.HZ 

N CH,- 0 -C,H, 

is formed. 


5. In the light of these results, the compound discovered by Noyes 
and Taveau was undoubtedly the bw-hydrazone of the ester of campho- 
nonic add, 


C.H, 


CO,C,H, H,CrO»C\ 


6. In confirmation of this formula this compound was hydrolyzed to 
camphononic add and hydrazine. 

1 Tms Jouwrau $4, 67 (191a), 
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The ether acid of camphanolic add, 



It formed when the Wr-faydrazoae is boiled with alcohol. 


VaRUM,!«., u»n SartJ* Cm, U. 


NOTES. 

OS of Rubleva MuttSfida.—A specimen of the essential oil of Rubina 
Mnliifida, distilled experimentally by the W. J. Bush Citrus Products 
Company, at National City, California, from the wild plants growing m 
the state, was examined. 

The oil is light yellow in color and has an odor suggesting anise and 
terpraes. d|^ = 0.8542. [n] D = +35.75 0 (100 mm. tube). 

On the first distillation about 60% comes over at 37-40° (under 3 mm. 
pressure). On repeated refractionation, about 85% of the oil was found 
to consist of a terpene fraction which, after rectifying over sodium, boils 
at 169-171° (under atmospheric pressure), d”! **> 0.8507, l»] D “ 
-f-46 4° (100 mm. tube). 

The terpene fraction polymerizes rapidly on bailing at atmopsheric 
pressure, has an odor resemhling that of phellandrene, and yields a nitrosite 
melting at 103-104°. Hence it consists largely of ^-phellandrene. 

From the higher boil in g portion of the oil anethole was separated. A 
resinous residue, probahly polymerized phellandrene, was left on distilla¬ 
tion. E. K. Nelson. 

BMxmut, Om Uaouton, D&u a Srvwoa, 

IT. S. Buug or CKinaamT, WashwoTom, O C. 


In connection with the writer’s recent paper on ‘‘The Effect of Surface 
Oxidation on Some Metallic Catalysts,” 1 his attention has been called 
to Michael Faraday's work 1 on the same subject. The investigation of 
Faraday led to conclusions practically identical with those numbered 1 
and 4 in the writer’s summary so far as platinum is concerned, namely, 
that its activity is increased by surface oxidation and is not much affected 
by reduction, Faraday also studied other phases erf the problem, includ¬ 
ing the effect erf the presence of small amounts- of various gases. His 
paper, however, does not deal with the subjects leading to the writer’s 
other conclusions. Frank F. Rupert. 

1 Tm* Jouxkal, 43,402 (19*0). 

1 Trent. Roy. Sot. (London), *34,35 (*834); “Experimental Researches In Elec¬ 
tricity," 1, rtjjj 
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Die thennodyacnische Berecbnung Chemischer Afflnitaten von homogenea vmd h«- 
terogenen Gaarcaktionen. vox D. Ivar W. Cedbrberc, PrivatdoMBt an der 
UniveraiUt Stockholm. 100 paxes. Berlin, 1916 16 x24 cm. 

The third law of thermodynamics states that the eptropy content of 
solids and liquids becomes zero at the absolute zero of temperature, but 
makes no statement as to the entropy content of gases. A solution of 
this latter problem, by further theoretical considerations, is a matter of 
extreme importance for thermodynamic chemistry. In the book under 
consideration, using somewhat different language from the above, Ceder- 
berg presents what amounts to an attempt to solve the problem of the 
entropy of gases. 

Cederberg believes that Nemst’s so-called chemical constant, C, a 
quantity which is simply related to the entropy of the gas at low tempera¬ 
tures, is equal to the logarithm of the critical pressure, w 0 , for the sub¬ 
stance under consideration. He first derives a vapor pressure formula 
by integrating the Clausius equation 

dbt ft = L_ 

AT RT *' 

To carry out the integration he writes for the latent heat of vaporization 
L, the expression 

L => La + 2.5RT — 3/4 eT’ A (a) 

where L 0 is the heat of vaporization at the absolute zero and c is a con¬ 
stant characteristic of the substance. This formula for L is based on 
the assumption that all gases have the heat capacity */» R at low tempera¬ 
tures and that the heat capacities of both the gaseous and liquid phase in¬ 
crease proportionally to the three-fourths power of the absolute tempera¬ 
ture. Substituting (2) in (1) and integrating he obtains 

» —+ 2. 5 /»r~i r-^ + c (3) 

where C is Nemst’s chemical constant. It is this latter quantity which 
Cederberg puts equal to the logarithm of the critical pressure t q . 

Cederberg shows that Equation 3 fits the vapor pressure data resonably 
well for a considerable number of susbstances. C he puts equal to In *•„, 
and in the majority of cases takes L 0 and < as empirical constants deter¬ 
mined by the vapor pressure data. Starting with Equation 3, he also 
develops methods for calculating heats of reaction, and chemical equi- 
* libria hi homogeneous and heterogeneous systems. 

The reviewer does not believe that Cederberg has presented a completely 
satisfying solution of the problem he has undertaken. The goal which 
workers in this field of thermodynamics have set for themselves, ever 
since the time erf Berthelot’s unsuccessful attempts, has been to find a 



mff BOOKS. 


■&K&U& <rf calculatin g chemical equilibria from thermal data alone, witfa- 
*qjjgt idle necessity’ of making any individual equilibrium measurements, 
’the work of Nernst was an important step in this direction by making 
such equilibrium predictions possible for condensed phases on the basis of 
thermal data alone. Nernst’s chemical constants, however, still neces¬ 
sitated at least a single equilibrium (»'. e., vapor pressure) measurement 
far gaseous equilibria- Cederberg in equating Nernst’s chemical con¬ 
stant to the logarithm at critical pressure has merely specified one par¬ 
ticular equilibrium measurement which must be made snd hence has not 
provided a sedation of the inherited problem. 

Serious attention must also be given to an examination of the strength 
of the evidence for Cederberg’s postulated relationship between chemical 
constant and critical pressure. In the first place it is obvious that Ceder- 
berg's Equation 3 is only approximate. The form in which he takes the 
Clausius equation (i) is of course itself only approximate, and although his 
assumption that all gases have the heat capacity i / i R at very low tempera¬ 
tures is to be commended, the assumption that the heat capacities both 
of solids and liquids increase proportionally to the three-fourths power 
of the absolute temperature is very far from true. Under the circumstances 
•w* caamsA-Vopt tkad has, xttt&sud gwt wn wesssat* to®*- bis, 

and must regard it as a still unproven, although a very stimulating sug¬ 
gestion. 

Except for these criticisms which may be unduly influenced by the re¬ 
viewer’s own particular point of view, the book is to be recommended as 
a logical and systematic conti ibutioc to thermodynamic chemistry. The 
text seems free from errors, and the numerous vapor-pressure data and 
equilibria data which are introduced as examples are in a convenient form 
for reference. Richard C. Tolman. 

fefanent* da Chimls Gen <r ale. By Hbnhi van La m, Directed de L’InsUtut m- 
pirieur des Fermentations de Gaud Profcsseur a 1,’Ecote de* Mines et Faculty 
4e Hainant. Sodete aaonyme, M. Weissenbruch, Bruxelles, >9>9 433 PP- 

The author has not included a preface in his text, nor given any indica¬ 
tion except hi the title as to its intended field of usefulness- Apparently, 
its scope would lie somewhere between the more advanced texts in the sub¬ 
ject to which we usually refer pedagogically in the United States as Gen- 
end Chemistry, and an ekmqjitaxy text of Physical Chemistry. As a 
text-book for elementary instruction in these subjects, the work ought 
to prove a very welcome addition to the French chemical literature which 
has not hitherto been so plentifully supplied with texts on physical chem¬ 
istry as has been the case in English and German. The author’s style 
of treatment is ample, clear and iron-mathematical. The text abounds 
with figures and, while many of them partake of the character of free¬ 
hand dra wi ngs , they we nevertheless clear and frequently present a cer- 
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tain originality which is not without its attraction. The text is singularly 
lacking in experimental data; although it contains some 60 odd figures, 
there are only one or two brief tables in the entire work. The absence of 
references to the literature also constitutes a serious detraction. 

In keeping strictly to the beaten track followed by the texts of a decade 
or so ago, the author lias, in the opinion of the reviewer, lost an oppor¬ 
tunity of presenting much material which should not be omitted from 
the modern text, even of elementary nature, on General and Physical 
Chemistry. To dismiss the whole subject of the relation of radioactivity 
to the elements and their arrangement in the periodic system by a few 
words appended to the usual statement of the law of the conservation 
of the elements, to omit all reference to the modern theory' of atomic struc¬ 
ture, of atomic numbers and of isotopes should not prove a welcome 
omission to the students of the coming generation. These phenomena 
are not only of fundamental importance, but are capable of simple and 
nun-mathematical treatment, and have already become of much practical 
interest. 

It is also to be hoped that some time within the coming century all 
authors can be persuaded by some means to index their works. 

S. C- Lind. 

laboratory Directions and Stud; Questions in Inorganic Chemistry. By Alexander 
Silverman, Head of the School of Chemistry, University of Pittsburgh, and Adel- 
bbrt W, Harvey, Instructor in Inorganic Chemistry. Illustrated. D. Van 
Nostrand Company, New York, 1919. 10a pp. 20 X 26 cm. ti.oo. 

The laboratory course presented in this loose-leaf book has been built 
up during 5 years in the University of Pittsburgh. It contains 55 labora¬ 
tory assignments and 47 sets of study questions. The titles of the first 
18 of the laboratory assignments are quoted to illustrate the character 
of the course: glass manipulation; physical and chemical change, mix¬ 
ture and compound; purification of substances; oxygen, law of constant 
proportion; determination of oxygen in air; oxygen and hydrogen, prepara¬ 
tion by electrolysis; hydrogen; composition of water, water; water in 
hydrated barium chloride; osmotic pressure; hydrogen chloride; hydro¬ 
chloric add; add, base, salt; ionization, electrolytes, non-electrolytes; 
chlorine; acidity of vinegar; chemical equilibrium, speed of reactions; 
bromine; effect of substances in solution on the freezing and boiling 
point; etc. 

% Although it is very difficult to write a set of laboratory experiments 
which entirely satisfies anyone but the author it is undoubtedly true 
that the student receives far more benefit from a teacher who has ambi¬ 
tion enough to work up an original course than he possibly can from a 
second-hand course. Not only is this course to be commended on this ac¬ 
count, but also because it shows evidence of a great deal of fruitful thought 
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end tabor upon the part of its authors. It is evidently workable, and any 
student who cames oat the experiments outlined will undoubtedly kora 
a great ileal of chemistry. 

The following remarks, which the reviewer feels impelled to add, are 
intended as criticisms of features common to almost all courses in general 
chemistry, rather than as indicating that the course under review is in 
any way inferior to others of similar nature. 

There are certain ideas emphasized in such courses for the sole reason 
seemingly that “all of the best people do it.” One of these is the dis¬ 
tinction between a physical and a chemical change. The writer never sees 
such « discussion without longing to assume the role of the bold bad stu¬ 
dent who asks emborasring questions, and talks back to the instructor; 
a process, by the way, which ought to be encouraged far more titan it is. 

Again, we usually find an experiment intended to prove the “law of 
constant proportion,” although one hunts in vain for any dear indication 
of what it is that is able to vary without disturbing the constancy of the 
proportion. 

Again, students are usually taught to deduce the direction of a shift 
of equilibrium by the aid of a quantitative expression for the mass law 
which is unnecessary for the qualitative information sought, and which 
is not true for the strong electrolytes to which it is frequently applied. Of 
course, jf discipline is good, and the student is trained to accept unques- 
tioningly all that he is told, he may not find out the discrepancy till a 
year or two later. 

If our object is to train men so that they will develop the scientific 
attitude and understand the scientific method should we not avoid ex¬ 
perimental “proofs” which prove nothing, statements of “laws” as rigid 
which are in fact but approximations? Should we not be eager to give 
the student a realization of the vast and alluring unexplored regions of 
chemistry sod avoid giving the impression that we have chemistry so 
thoroughly “doped out” that there is nothing for him to do but to learn 
such portion erf our "dope” as we set before him? Would it not be better 
to sacrifice a little erf the ground to be covered for the sake of developing 
in the student, capacity for reasoning accurately and dearly, for planning 
and performing experiments, and for observing accurately what the *x» 
experiment actually shows, not what the book, in Its anxiety to preserve 
him from error, tells him he ought to see? 

The book under review is unusually free from tins common error of 
doing most of tire student's thinking for him, although it does seem un¬ 
fortunate that a formula is deemed necessary to enable the student to 
eatadate percentage composition from die wrists erf tire substances 
Involved. ! 

The drove ternaries Should not be interpreted as indicating that the 
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book is an inferior one, for the contrary is tine, and any teacher of general 
chemistry would be amply repaid for the time spent in a careful examina¬ 
tion of it. Jobe H. Hildebrand. 

Inorganic Chemical Synonyms and Other Useful Chemical Data. By Elton R. 
Darling, M.S., Ph.D., In charge of the Industrial Chemistry Department, Newark 
Technical School, Newark, N. J. I>, Van Nostrand Company, New York, 1919. 
in, + joo pp. ri.j X 1S.5 cm. $1.00 net. 

This little book is intended chiefly for the young student of chemistry 
who finds himself confused by the variety of names given to the more 
common chemical compounds, but it should also prove to be of value to 
the business man, who, more or less suddenly, finds that he has to know 
something about chemicals and their names. 

After a short introduction the elements are listed, with symbols, atomic 
weights, data regarding discovery, and classification into groups. Fol¬ 
lowing this are tables of temperature and specific gravity according to 
the common systems, with conversion factors. Then come standards 
of weights and measures in English and metric systems, also with conver¬ 
sion factors. 

In the next 70 pages are listed chemical synonyms for certain com¬ 
pounds of the following elements: aluminum, antimony, arsenic, barium, 
bismuth, cadmium, calcium, chromium, cobalt, copper, iron, lead, mag¬ 
nesium, manganese, mercury, nickel, potassium, silver, sodium and zinc; 
and in the final 20 pages are given some 75 miscellaneous terms, a list of 
names of certain hydrogen compounds, and a cross index listing about 400 
synonyms. 

The book is not intended to be complete, and indeed it is very far from 
complete. Furthermore, the basis for the selection of terms and other 
information given is a little difficult to understand. The reader undoubt¬ 
edly will be much interested in learning that bismuth oxynitrate has 12 
synonyms, that “Spanish white" may be either this substance or calcium 
carbonate, and that “oil pulp” and “red liquor" are both synonyms for 
aluminum acetate. One wonders, however, why “kali preparatum" 
and “yellow wash" are included, and Moore’s salt, or tin crystals, or 
argots omitted; or why so many Latin synonyms are given, and so few 
compounds of each element and so few elements. Again, in the section 
on the discovery of the elements it is disappointing to find that nothing 
. is said about tin and sulfur, both exceedingly important elements, and that 
gold and native copper are not mentioned in the list headed, "Occurrence 
of the Metals in Mature." 

The typography and the makeup of the book are satisfactory, but it is 
unfortunate that the proof reading has been done so carelessly. There 
h scarcely a page without one or more very evident errors, which ooca- 



ffo&aUy may lead to serious misinformation, as cm. p- 88, for example, 
-where the synonym for “diasotizing (sic) salts” is given as sodium nitrate; 
W as on p. 54, whereit is stated that ferric iron Jibs a valence of 4; or as 
on p. 93, where phosphate of lime is referred to calcium sulfate. A new 
edition, however, should allow all such errors to be corrected, and, further- 
more, should make possible a revision of many hastily written sentences, 
as m p. 46. ‘‘The use of lime in the preparation of mortar for building be¬ 
longs to the pages of unknown history ;’* or as on p. 31. "Davy * * * 
tridd to purify the metal * * * ” (instead of prepare) ; or as on p. 
25, "The litre is equal to a cubic decimeter.” There is also some ques¬ 
tion as to the justification for the author’s spelling "phosforus,” since 
both the ph and f are derived from the same. Greek letter, p. The table 
of atomic weights should, of course, be dated. 

The book is a sincere attempt to make the way of the student of chem¬ 
istry a little easier, and as such deserves commendation. The need for sum- 
mattes, monographs—books which shall gather into small space much 
scattered information,—is increasing geometrically with the growth of 
science. This one by Dr. Darling should be welcomed- 

Wiujs A Bouchton. 

Plant Products and Chemical Fertilisers. By S Ho are Collins, Lecturer and Ad¬ 
viser in Agricultural Chemistry Armstrong College, Newcastle-on-Tyne (Uni¬ 
versity of Durham). D Van Mostrand Company, New York, 191a *vi + 336 
PP- 

This is one of a series of volumes on industrial chemistry edited by 
Samuel Rideal, of University College, London. In this the editor and 
his associates propose to offer “a comprehensive survey of the chemical 
industries.” The editor points out in his general preface, “The rapid de¬ 
velopment of Applied Chemistry in recent years has brought about a 
revolution in all branches of technology. This growth has been accelerated 
during the war, and the British Empire has now an opportunity of in¬ 
creasing its industrial output by the application of this knowledge to the 
raw materials available in the different parts of the world * * * 
Each volume will be complete in itself, and will give a general survey 
of the industry, showing how chemical principles have been applied and 
have affected manufacture. The influence of new inventions on the de¬ 
velopment of the industry will be shown, as also the effect of industrial 
requirements in stimulating invention * * * present tendencies and 
possible future developments will have attention and some space will be 
devoted to a comparison of industrial methods and progress in the chief 
producing countries * * * * As far as this country is concerned, 
it is believed that the general scheme of this series of hand books is unique, 
and it is confidently hoped that it will supply mental munitions free the 
doming industrial war.” 

The present volume is divided into 4 parts, dealing respectively, with, 
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Fertilizers, Soils, Crops and the Production of Meat. The subdivisions 
of the first part are of Nitrogen Groups of Fertilizers; The Phosphorus 
Group of Fertilizers, Potassium Group of Fertilizers, Mixed Fertilizers. 
The second part contains sections on, Soils and Their Properties; Special 
Soil Improvers; Soil Reclamation. The third part contains 6 sections, 
namely, Photosynthesis; The Carbohydrates Produced in Crops; The Chi 
Bearing Plants; The Nitrogen Compounds in Plants; Miscellaneous Plant 
Products; Produce Variability. The subdivisions in Part 4 are entitled, 
Manuring for Meat; The Foods Fed to Beasts; Calorific Value of Foods; 
Dairy Products; Future Developments. 

While the discussion of each of the numerous topics included in the book 
is of necessity brief, the author shows a splendid grasp of his subject. 
His statements are clear, concise, and very much to the point. He tells 
us, for instance, "It does not always pay to produce maximum crops, and 
hence some lands are said to be so fertile as not to need fertilizers. The 
present war is teaching us that too much reliance may be put upon the 
economic aspect of food production; that the interests of the nation are 
not identical with those of the producer.’’ (p. 2.) A few additional 
sentences may be quoted to show the author’s effectiveness of statement; 
"No soil is perfect; no soil quite hopeless; much can be done to improve 
the bad, and much can be left undone to injure the good.” (p. 3) “The 
power of fertilizer to act quickly or slowly is a very important property." 
(p. 4) "In considering Hie actions of fertilizers on the plant and on the 
soil it is always important to remember that in no sense is such a series 
of actions a static matter," (p. 5) “In the vicinity of large towns the 
Sulfur thrown into the atmosphere by the combustion of coal comes down 
with the rain, washes into the soil, combines with lime, and produces 
calcium sulfate.” (p. 75) "Both maize and rice lend themselves to the 
possibility of producing starch by the dry methods of grinding and blowing 
by currents of air, but starch is chiefly made by one of the wet methods." 
(p. 121). 

Some of the author’s statements are subject to correction. For exam¬ 
ple, he claims that solutions of superphosphates or ammonium sulfate 
"would be absolutely injurious to the plant" when grown in water cul¬ 
ture (p. 13), This will depend, of course, on the degree of dilution. In 
speaking of the impurities in nitrate of soda he fails to mention borates 
(p, 19}. Calcium cyanamide is not "a slow acting manure” as is claimed 
by the author (p. 22). The author is hardly justified in stating “The 
really most important member of the group of potassium fertilizers is, 
however, farmyard manure." (p. 39). It is not true that “A low quality 
01 lime * * * * is of no use for agricultural purposes" (p, 86). 
AB told, however, the author has succeeded in producing a very readable 
and very useful book. J. G. LtnuN. 
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of this text-book on qualitative analysis varies but 
little in appearance, plan and scope from the previous edition. Another 
section has been added, hcnMrer, which is devoted to a discussion of the 
reaction properties of « number of the less common elements which, as 
the author says, "are important on account of their technical use." The 
oofetatts of the book are divided into 6 parts: Part I, Introduction and 
thtThebry of Analytical Reactions, 25 pp.; Part H, Reactions and 
Separations of Cations, 128 pp.; Part III, The Anions, 57 pp.; Part IV, 
Systematic Analysis of a Su b s t an c e, 39 pp.; Part V, Tables of Reactions of 
the Metals, 53 pp. Part VI, The Less Common E'emeats, 30 pp.; Index. 

The book contains an unusual amount of data of value to an indi¬ 
vidual engaged in routine analytical work and will commend itself, there¬ 
fore (particularly), to those employed in commercial laboratories. 

It is toe opinion of toe reviewer that the majority of teachers would ap¬ 
prove of a rather fuller discussion of “oxidation and reduction" and the 
presentation of the method for formulating these reactions from the 
standpoint of the ionic hypothesis. The same may be said with refer¬ 
ence to the author’s treatment of the solubility product. The choice of 
toe mathematical expression of the latter rather than the one involving 
its expression in terms of concentration seems somewhat unfortunate. 
Likewise, it is to be regretted that the author makes no reference to toe 
limitations of toe statement with reference to concentrated solutions and 
abnormal electrolytes. The pedagogical usefulness of toe book would 
be increased if the author should see St to incorporate restatements of 
these principles and a discussion of their applications to analytical pro¬ 
cedures in the “Notes” relating to group separations, etc. 

The properties of each base-forming and acid-forming substance are 
described before taking up the methods for their grouping and separa¬ 
tion. However, only those reactions which are to be employed by toe 
student in fallowing the methods outlined for their identification are pre- 
«3»fced in toe general scheme. A more extended list of reactions ia pre¬ 
sented in Part V. The methods described far the grouping and separa¬ 
tion of the cations and anions are similar to those found in most text¬ 
books ©f qualitative analysis. However, many chemists would probably 
object to the author’s inclusion of molybdenum, tantalum, tellurium and 
tungsten in the hydrochloric add group. No reference is made to the 
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